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INTRODUCTION 

Micro Linear Corporation, headquartered in San Jose, California, was 
founded in 1983 as an Analog USIC (user specified) integrated circuit 
manufacturer. The Corporation occupies 100,000 square feet of office and 
manufacturing space on six acres of land. The greater part ofthis space is 
used for state of the art engineering, test and wafer metal I ization faci I ities. 

Micro Linear, a pioneer in analog semi-custom integrated circuits, 
continues to expand its catalog with a unique tile array design 
methodology. This advanced proprietary tile array approach allows 
custom designs, and standard products that can be quickly modified with 
minimum expense and risk to the end customer. The analog design skills 
and tile array methodology are strengths that separate Micro Linear from 
its competitors. 

This standard product catalog has grown through the years to include 
more than 120 products and 25 arrays serving the following markets 

Data Communications 

Telecommunications 

Hard Disk Drive 

Motor Control 

Switch Mode Power Supply 

Data Acquisition 

Bus Products 

Mixed Signal USIC 

Micro Linear is committed to supplying complex mixed signal integrated 
circuit solutions with the highest quality and best service possible. 
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SEMI-STANDARD INTEGRATED CIRCUITS 
The ability to modify standard integrated circuit products offers a new dimension 
and power to users of integrated circuits. By modifying a standard product the 
customer gains a level of product optimization that otherwise would not exist. At 
the foundation of Micro Linear's business is this ability, along with the eagerness, to 
provide optimized integrated circuits to its customers. This is "Semi-Standard 
Integrated Circuits." 

Semi-Standard can mean a change in the functionality of a device, an adjustment 
to a performance parameter, or even something as simple as a variation in the 
physical marking on the Ie. The customer can define a change to one of Micro 
Linear's standard catalog products to gain a performance edge, power savings, or 
lower system cost. Micro Linear's goal is to provide the maximum amount of 
flexibility such that the customer can reap these benefits and be able to offer an 
improved end product for today's competitive environment. 

Semi-Standard ICs offer a superior alternative over custom, and even semi-custom 
solutions. The level of technical risk is significantly reduced because only an 
incremental change is made to an already proven product. And faster time-to
market is enjoyed due to a combination of a shorter development time and the 
added benefit of being able to debug many of the system related issues by using the 
standard product. 

Micro Linear offers this unique capability to enact functional changes to its 
standard products because of its Tile Array methodology. Tile Arrays are collections 
of uncommitted active and passive components arranged in patterns on an 
integrated circuit wafer. Circuits are implemented by designing the metal 
interconnect layers which are used in the final step of the wafer manufacturing 
process. The effectiveness of the Semi-Standard methodology is demonstrated in 
the fact that Micro Linear has been supplying very high volume standard products 
in fast moving dynamic markets since its inception. 

Semi-Standard is a product. But it is also a way of doing business. The wherewithal 
to perform the customer changes is not enough. A successful supplier of Semi
Standard integrated circuits must also have the design methodology, mind set, and 
culture of Semi-Standard. Since Micro Linear was founded and structured as a 
supplier of semi-custom analog and analog/digital integrated solutions these traits 
are firmly rooted in the company. 
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LIFE SUPPORT POLICY 

MICRO LINEAR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITIEN APPROVAL OF THE PRESIDENT OF MICRO LINEAR CORPORATION. As lISed herein: 

1. Life support devices or systems are devices or systems which, (a) are 
intended for surgical implant into the body, or (b) support or sustain life, 
and whose failure to perform, when properly us~d in accordance with 
instructions for use' provided in the labeling, can be reasonably expected 
to result in a significanrinjury to the user. 

2. A critical component is any component of a life support device or 
system whose failure to perform can be reasonably expected to cause the 
failure of the lifesuPPo'!-device o.~ system" ort'!'affectitS' safety or ' 
effectiveness. ' . ',. ' . /'" 

Micro Linear reserves the right to make changes at any time, without notice, to any of its products, specifications, processes, and suppliers. The 
application notes, schematic diagrams, printed circuit layouts and other information contained herein is provided as application aids only and are 
therefore provided "AS IS." MICRO LINEAR MAKES NO WARRANTIES WITH RESPECT TO THE INFORMATION CONTAINED HEREIN, EXPRESS, 
IMPLIED, STATUTORY OR OTHERWISE, AND MICRO LINEAR EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY, 
NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS AND FITNESS FOR A PARTICULAR PURPOSE. 
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~ ··General 
l(~Micro Linear Ordering Information 

PART NUMBER 

PACKAGE TYPE 

Part Number and Package Type Explanation 

ML xxxx x x x 

1 T 
Temperature Range 

M = -55°C to + 125°C 

I = -40°C to +85°C 

C = O°C to +70°C 

Package Type 

Number of letter indicates electrical grade of part 

Three or four digit generic or product part number 

Micro Linear Prefix or for second .s.ource device is the same as original source 

Letter Suffix 

D 

P 

Q 

G 

R 

H 

Description 

Side Brazed Hermetic DIP 

flat Pack 

Ceramic Hermetic DIP (CERDIP) 

Ceramic Leadless Chip Carrier (LCe) 

Plastic DIP 

Plastic Chip Carrier (PCC) 

Small Outline (SOle) 

(PQPP) Plastic Quad flat Pack 

Shrink Small Outline Package.(SSOP) 

Thin Quad flat Pack (TQfP) 

'Micro Linear 1-1 
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JllI-lYIicro Linear Cross, . Reference .·Guide 
• ' .. ',.'", " """,' < .' ; •• ",'<.\.',. ",",:"' ... ::'" 

" ~:::~. 

Alt~rnate Source Part· 'Number 
Analog Devices National Semiconductor 

Analog Devices Micro Linear NSC Micro Linear 
Part Number Direct Replacement1 Part Number Direct Replacement1 

AD7820BQ Ml2261CIj ADC0808CJ ADC080BCj 
AD7820CQ Ml2261BIJ Ml2258BMJ 
AD7820KN Ml2261CCP ADC0808CCJ ADC0808CCJ 
AD7820KP Ml2261CCQ Ml2258BIj 
AD7820lN Ml2261BCP ADC0808CCV ADC0808CCV 
AD7820lP Ml2261BCQ Ml2258BIQ 
AD7820TQ Ml2261CMJ ADC0809CCN ADC0808CCN 
AD7820UQ Ml2261BMJ Ml2258CIP 
AD7824BQ Ml2264CIJ ADC0809CCV ADC0809CCV 
AD7824CQ Ml2264BIJ Ml2258CIQ 
AD7824KN Ml2264CCP ADC0820BCj Ml2261BIJ 
AD7824lN Ml2264BCP ADC0820BCN Ml2261BCP 
AD7824TQ Ml2264CMJ ADC0820BCV Ml2261BCQ 
AD7824UQ Ml2264BMJ ADC0820CCJ Ml2261C1J 

ADC0820CCN Ml2261CCP 

Exar 

Exar Micro' Linear 
Part· Number Direct Replacement1 

ADC0820CCV Ml2261CCQ 
ADC0820CJ Ml2261CMJ 
ADC0831BCJ ADC0831BCJ .. 

Ml2281BIJ 

XRl17R-2CP Mll17R-2CP ADC0831BCN ADC0831BCN 

XR117R-4CP Mll17R-4CP . Ml2281BCP 

XRl17R-4MD Mll17R-4CS ADC0831CCJ ADC0831CCJ 

XRl17R-6CJ Mll17R-6CQ 
XRl17R-6CP Mll17R-6CP 

Ml2281CIJ 
ADC0831CCN ADC0831CCN 

XRl17R-6MD Mll17R-6CS 
XRl17-2CN Mll17-2CJ 
XRl17-2CP Mll17-2CP 

Ml2281CCP 
ADC0832BCJ ADC0832BCJ 

Ml2282BIJ 

XRl17-2MD Ml117-2CS ADC0832BCN ADC0832BCN 

XRl17-4CN Ml117-4CJ 
X~117-4CP Mll17-4CP 
XRl17-4MD Mll17-4CS' 

Ml2282BCP 
ADC0832CCJ ADC0832CCJ 

Ml2287CIJ 

XRl17-6CJ MLl17-6CQ 
XRl17-6CN Mll17-6CJ 
XRl17-6CP Mll17-6CP 

ADC0832CCN ADC0832CCN 
Ml2282CCP 

ADC0833BCJ ADC0833BCj 

XRl17-6MD MLl17-6CS Ml2283BIJ 
ADC0833BCN ADC0833BCN 

Ml2283BCP 
LinaarTechnology ADC0833CCJ ADC0833CCJ 

LTC Micro Linear Ml2283CIJ 
Part Number Direct Replacement1 ADC0833CCN ADC0833CCN 

LTC1060ACj Ml2110BIj2 
lTC106QACN Ml2110BCp2 
lTC1060AMJ Ml2110BMj2 
lTC1060CJ Ml2110ClF 
lTC1060CN Ml2110CCP2 

Ml2283CCP 
ADC0834BCJ ADC0834BCj 

Ml2284BIJ 
ADC0834BCN ADC0834BCN 

Ml2284BCP 

lTC1060MJ Ml2110CMF 

Note 1. 100% pin-for-pin compatible with improved electrical specifications. 
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40·C to +85·C product as molded; Micro linear does this on a customer need basis. 
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Cross Reference Guide 

National Semiconductor (Continued) Silicon Systems, Inc. 

N5C Micro Linear 551 Micro Linear 
Part Number Direct Replacement1 Part Number Direct Replacement1 

ADC0834CC] ADC0834CC] 551 32PS41-CH MLS41CQ 
ML2284CI] 551 32PS41-P MLS41CP 

ADC0834CCN ADC0834CCN 551 32PS41A-CH ML4042CQ 
ML2284CCP 551 32PS41A-P ML4042CP 

ADC0838BC] ADC0838BC] 551 32P541B-CH ML4042CQ 
ML2288BI] 551 32PS41 B-P ML4042CP 

ADC0838BCN ADC0838BCN 551 32R117R-2P ML117R-2CP 
ML2288BCP 551 32R117R-4F ML117R-4CF 

ADC0838BCV ADC0838BCV 551 32R117R-4P ML117R-4CP 
ML2288BCQ 551 32R117R-6F ML117R-6CF 

ADC0838CC] ADC0838CC] 551 32R117R-6H ML117R-6CQ 
ML2288CI] 551 32R117R-6P ML117R-6CP 

ADC0838CCN ADC0838CCN 551 32R117-2P ML117-2CP 
ML2288CCP 551 32R117-4F ML117-4CF 

ADC0838CCV ADC0838CCV 551 32R117-4P ML117-4CP 
ML2288CCQ 551 32R117-6F ML117-6CF 

ADC1061CI] ML2271C1] 551 32R117-6H ML117-6CQ 
ADC1061CIN ML2271CCp3 551 32R117-6P ML117-6CP 
ADC1061CIWM ML2271CC53 551 32RS01 R-6H MLS01R-6CQ 
ADC1061CM] ML2271CM] 551 32RS01 R-8F MLS01R-8CF 
DPS016QC MLS01-6CQ 551 32RS01 R-8H MLS01R-8CQ 
DPS016RQC MLS01R-6CQ 551 32RS01 R-8P MLS01R-8CP 
DPS018QC MLS01-8CQ 551 32RS01-6H MLS01-6CQ 
DPS018RQC . MLS01 R-8CQ 551 32RS01-8F MLS01-8CF 
pAS016QC MLS01-6CQ 551 32RS01-8H MLS01-8CQ 
pAS016RQC MLS01R-6CQ 551 32RS01-8P MLS01-8CP 
pAS018QC MLS01-8CQ 551 32R511 R-45 MLS11R-4C5 
pAS018RQC MLS01R-8CQ 551 32RS11 R-6H MLS11R-6CQ 
DP8464BN-3 ML8464B-3CP2 551 32RS11 R-6P MLS11R-6CP 
DP8464BV-3 ML8464B-3CQ2 551 32RS11 R-65 . MLS11R-6C5 
DP8464BN-2 ML8464B-2CP2 551 32R511 R-8H MLS11R-8CQ 
DP8464BV-2 ML8464B-2CQ2 551 32R511 R-8P MLS11R-8CP 
DP8464BN-2 ML8464B-2Cp2 551 32RS11 R-85 MLS11R-8C5 
DP8464BN-3 ML8464B-3CP2 551 32RS11-45 MLS11-4C5 
DP8464BV-2 ML8464B-2CQ2 551 32RS11-6H MLS11-6CQ 
DP8464BV-3 ML8464B-3CQ2 551 32RS11-6P MLS11-6CP 
DP8468BTP-3 ML4S68-3CQ2 551 32R511-65 MLS11-6C5 
DP8468BTP-2 ML4S68-2CQ2 551 32R511-8H MLS11-8CQ 
LMF100CCN ML2111CCP 551 32RS11-8P MLS11-8CP 
LMF100CCWM ML2111CC5 551 32RS11-85 MLS11-8C5 
MF10A] ML2110CMj2 
MF10ACN ML2110BCp2 
MF10CC] ML2110Clj2 
MF10CCWM ML2110CC52 
MF10CCN ML2110CCp2 

Note 1. 100% pin·for·pin compatible with improved electrical specifications. 
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 
Note 3. Alternate source ships -40'C to +85'C product as molded; Micro Linear does this on a customer need basis. 
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Cross' Reference Guide 

18xas Instruments VTC 

Nse Micro Linear vre Micro Linear 
Part Number Direct Replacement1 Part Number Direct. Replacement1 
ADC0808Mj ML2258BMj 
ADC0808FN " ML2258BCQ' 
ADC0808N ML2258BIP 

.ADC0809FN Ml2258CCQ 
ADC0809N Ml2258CIP 
TlC0820ACN Ml2261CCP: 

VM117~2DK Ml1l7-2CJ 
VM117-2PK Ml117-2CP 
VM117-4FK Ml117-4CF 
VM117-4PK Ml117-4CP 
VM117-4DK Ml117-4Cj 

TlC0820ACFN Ml2261CCQ VM117-6PK Ml117-6CP 

TlC0820BCN Ml2261BCP VM117-6DK Ml117-6Cj 
TlC0820BCFN Ml2261BCQ VM117-6PK Ml117-6CP 
ADC0831ACP Ml2281CCP VM117-6PlK '. Ml117-6CQ 
ADC0831AIP. Ml2281CIj3 VM117R-2DK Ml117R-2CJ 
ADC0831BCP Ml2281BCP VM117R-2PK Ml117R-2CP 
ADC0831BIP Ml2281BIj3· 
ADC0832ACP Ml2282CCP 
ADC0832AIP Ml2282CIj3 
ADC0832BCP Ml2282BCP 
ADC0832BIP Ml2282BIj3 
ADC0834ACN Ml2284CCP 

VM117R-4FK Ml117R-4CF 
VM117R-4PK Ml117R-4CP. 
VM117R-4DK Ml117R-4Cj 
VM117R-6DK Ml117R-6Cj 
VM117R-6PK Ml117R-6CP 

ADC0834AIN Ml2284C1j3 VM117-6PLK Ml117R-6CQ 

ADC0834BCN M12284BCP VM217-6PK Ml501-6CP 
ADC0834BIN Ml2284BIP VM217-6PlK Ml501-6CQ 

. ADC0838ACN', Ml2288CCP' . VM217-8PK Ml501-8CP 
ADC0838AIN Ml2288CIj3 
ADC0838CCN M12288BCP 

VM217-8PlK Ml501-8CQ 

ADC0838BIN tvl12288BIj3 

Unitrode 

Unitrode Micro Linear 
Part Number Direct Replacement1 

UC1823j Ml482;3Mj 
UC1825j Ml4825Mj 
UC2823N Ml48231P 
UC2823Q Ml48231Q 
UC2825N Ml48251P 
UC2825Q Ml48251Q 
UC3823N Ml48231P 
UC3823Q Ml4823CQ 
UC3825N Ml48251P 
UC3825Q Ml4825CQ 

Note 1. 100% pin·for·pin compatible with improved electrical specifications. 
Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alt.ernate source. 
Note 3. Alternate .source ships -40·C to +85OC product as molded; Micro linear does this On a customer. need basis. 
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Alpha Numeric Index 

FB3410 
FB3420· 
FB3430 
FB3480 
FB3490 
FB3491 
FB3492 
FB3605 
FB3610 
FB3620 
FB3621 
FB3622 
FB3623 
FB3630 
FB3631 
FB3635 
FB3651 
FB3680 
FC3510 
FC3560 
FC3580 
ML117 
ML117R 
ML501 
ML501R 
ML502 
ML502R 
ML502S 
ML511 
ML511R 
ML541 
ML1825 
MU003 
ML2004 
ML2008 
ML2009 
ML2020 
ML2021 
MU031 
ML2032 
ML2035 
ML2036 
ML2110 
MUlll 
ML2200 
ML2208 
ML2221 
ML2222 
ML2223 
ML2230 
ML2233 

Small General Purpose Tile Array ............................................................................................................. . 
Medium General Purpose Tile Array ......................................................................................................... . 
Large General Purpose Tile Array ............................................................................................................. . 
Power Supply Controller Array ................................................................................................................. . 
General Purpose PWM Controller Array ................................................................................................... . 
Resonant Mode Controller Array ............................................................................................................... . 
Phase Modulation Controller Array ........................................................................................................... . 
Small High Frequency Tile Array .............................................................................................................. . 
General Purpose Tile Array .............................................. : ........................................................................ . 
General Purpose Tile Array ....................................................................................................................... . 
Medium High Frequency Tile Array ................................................................ ; ......................................... . 
Medium Power Schottky Tile Array ........................................................................................................... . 
Medium High Power Tile Array ................................................................................................................ . 
General Purpose Tile Array ....................................................................................................................... . 
Large Mixed Analog/Digital Tile Array ...................................................................................................... . 
Large Mixed Analog/Digital Tile Array ...................................................................................................... . 
LAN Transceiver Tile Array ....................................................................................................................... . 
Electronic Ballast & Power Factor Tile Array ............................................................................................. . 
General Purpose BiCMOS Tile Array ........................................................................................................ . 
Read Channel Tile Array ........................................................................................................................... . 
Micro Power Controller Tile Array ............................................................................ ; ............................... . 
2, 4, or 6-Channel ReadtWrite Circuits .................................................................................................... . 
2,4, or 6-Channel ReadtWrite Circuits ..................................................................................................... . 
6, 7, or 8-Channel ReadtWrite Circuits ..................................................................................................... . 
6, 7, or 8- Channel ReadtWrite Circuits .................................................................................................... . 
6, 7, or 8-Channel ReadtWrite Circuits ..................................................................................................... . 
6, 7, or 8-Channel ReadtWrite Circuits ..................................................................................................... . 
6, 7, or 8-Channel ReadtWrite Circuits ..................................................................................................... . 
4, 6, 7, or 8-Channel Read tWrite Circuits ................................................................................................ . 
4, 6, 7, or 8-Channel ReadtWrite Circuits ................................................................................................ .. 
Read Data Processor ................................................................................................................................. . 
High Frequency Power Supply Controller ................................................................................................. . 
Logarithmic Gain/Attenuator ..................................................................................................................... . 
Logarithmic Gain/Attenuator ..................................................................................................................... . 
~P Compatible Logarithmic Gain/Attenuator ............................................................................................. . 
~P Compatible Logarithmic Gain/Attenuator ............................................................................................. . 
Telephone Line Equalizer ........................................................................................................................ .. 
Telephone Line Equalizer ......................................................................................................................... . 
Tone Detector •.......................................................................... : ............................................................... . 
Tone Detector ............................................................................... ; ........................................................... . 
Programmable Sinewave Generator .......................................................................................................... . 
Programmable Sinewave Generator .......................................................................................................... . 
Universal Dual Filter ................................................................................................................................. . 
Universal Hi-Frequency Dual Filter .............................................................................. ; ........................... . 
12-Bit + Sign Data Acquisition Peripheral ................................................................................................. . 
12-Bit + Sign Data Acquisition Peripheral ................................................................................................. . 
Serial Peripheral Interface 12-Bit Plus Sign ND Converter with Sample & Hold ........................................ . 
Serial CODEC/DSP Interface 12-Bit Plus Sign ND Converter with Sample & Hold ................................... . 
Serial Asynchronous Interface 12-Bit Plus Sign ND Converter with Sample & Hold ................................. . 
~P Compatible 12-Bit Plus Sign ND Converter with Sample and Hold .................................................... .. 
~P Compatible 12-Bit Plus Sign ND Converter with Sample and Hold ............... ;: .................................... . 
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ML2252 
ML2258 
ML2259 
ML2261 
ML2264 
ML2271 
ML2280 
ML2281 
ML2282 
ML2283 
ML2284 
ML2288 
ML2340 
ML2341 
ML2350 
ML2351 
ML2375 
ML2377 
ML2652 
ML4041 
ML4042 
ML4401 
ML4402 
ML4403 
ML4404 
ML4406 
ML4407 
ML4408 
ML441 0 
ML4411 
ML4413 
ML4415 
ML4415R 
ML4416 
ML4416R 
ML4417 
ML4418 
ML4427 
ML4431 
ML4506 
ML4508 
ML4510 
ML4532 
ML4533 
ML4534 
ML4535 
ML4536 
ML4568 
ML4610R 
ML4611 R 
ML4621 
ML4622 
ML4624 
ML4632 
ML4642 
ML4652 
ML4654 
ML4658 
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/-lP Compatible 8-Bit ND Converter with 2-Channel Multiplexer .............................................................. . 
/-lP Compatible 8-Bit ND Converter with 8-Channel Multiplexer .............................................................. . 
/-lP Compatible 8-Bit ND Converter with 8-Channel Multiplexer .............................................................. . 
/-lP' C6nipatibieHigh Speed 8-Bit ND Converter with T/H(S/H) ............................................................... .. 
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Single Supply Programmable 8-Bit D/A Converter ........................... ; ........................................... ; ............ . 
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DSP Analog I/O Peripheral .................................................................................................. : ....... ~ ........... .. 
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Trajectory Generator .... , ............ , ........ , ............................... ,., .................................................................... . 
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15-Channel ReadM'rite Circuit ....................... , ............................ ; ........................................................... .. 
14-Channel ReadM'rite Circuit ~ith CS ............................................................. ; ................................ , ..... . 
14-Channel ReadM'rite Circuit with CS ......................... , ......................................................................... .. 
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Servo Demodulator ... " .................. , .. , ............ , .................... ,.;: .................... , ... , •.................. ;., .. , ................. . 
5V Disk Voice Coil. Servo Driver ........ , ...................................................................................................... . 
Low Saturation 5V Voice Coil Servo Driver ................................................................................ ~ .............. . 
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Servo Burst Area Detector with PWM ............................................ ;; ....... , ................................................. . 
Servo Burst Area Detector without PWM ................................................... ; .............................................. . 
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5V, 2-, 4-Channel Thin-Film ReadM'rite Circuit ..................... , ...................................................... , .......... . 
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Selection Guide 

Non Conversion Power Temperature 
Part Resolution Linearity Dynamic Performance Time Supplies Rangel 

Number (Bits) (Max LSB) Signal to Noise Ratio (us) M C I M Package Comments 

ADC0808 8 ±1/2 6.6 5 (±10%) X X X 28-Pin DIP, JlP Comp, 
28-Pin PCC 8-CH 

ADC0809 8 ±1 6.6 5 (±10%) X X X 28-Pin DIP, JlP Comp, 
28-Pin PCC 8-CH 

ADC0831B 8 ±112 6.0 5 (±10%) X X X 8-Pin DIP Serial 1/0. 
Single CH 

ADC0831C 8 ±1 6.0 5 (±10%) X X X 8-Pin DIP Serial 110. 
Single CH 

ADC0832B 8 ±1/2 6.0 5 (±10%) X X X 8-Pin DIP Serial 110. 
2-CH 

ADC0832C 8 ±1 6.0 5 (±10%) X X X 8-Pin DIP Serial 110, 
2-CH 

ADC0833B 8 ±1/2 6.0 5 (±10%) X X X 14-Pin DIP Serial 110, II 
4-CH 

ADC0833C 8 ±1 6.0 5 (±10%) X X X 14-Pin DIP Serial 110, 
4-CH 

ADC0834B 8 ±1/2 6.0 5 (±10%) X X X 14-Pin DIP Serial 110. 
4-CH 

ADC0834C 8 ±1 6.0 5 (±10%) X X X 14-Pin DIP Serial 110, 
4-CH 

ADC0838B 8 ±1/2 6.0 5 (±10%) X X X 20-Pin DIP, Serial 110, 
20-Pin PCC 8-CH 

ADC0838C 8 ±1 6.0 5 (±10%) X X X 20-Pin DIP, Serial 110. 
20-Pin PCC 8-CH 

ML2200B 12 + Sign ±3/4 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 4O-Pin DIP 4-CH Data Acq 
SIN ndB Peripheral 

ML2200C 12 + Sign ±1 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 4O-Pin DIP 4-CH Data Acq 
SIN ndB Peripheral. 

ML2200D 12 + Sign ±1 8.5kHz, ±2.5V SI N E, 44 ±5 (±5%) X 40-Pin DIP 4-CH Data Acq 
SIN 72dB Peripheral 

ML2208B 12 + Sign ±3/4 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 4O-Pin DIP 8-CH Data Acq 
SIN 72dB Peripheral 

ML2208C 12 + Sign ±1 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 40-Pin DIP 8-CH Data Acq 
SIN 72dB Peripheral 

ML2208D 12 + Sign ±1 8.5kHz, ±2.5V SINE, 44 ±5 (±5%) X 4O-Pin DIP 8-CH Data Acq 
SIN 72dB Peripheral 

ML2221B* 12 + Sign ±3/4 8.5kHz, ±5.0V SINE, 44 ±5 (±5%) X X 16-Pin DIP, Serial, S.P.1. 
SIN 72dB 20-Pin PCC 

ML2221C* 12 + Sign ±1 8.5kHz, ±5.0V SINE, 44 ±5 (±5%) X X 16-Pin DIP, Serial, S.P.1. 
SIN 72dB 20-Pin PCC 

ML2222B* 12 + Sign ±3/4 12kHz, ±2.5V SI N E, 35 ±5 (±5%) X X 16-Pin DIP, Serial, CODEC 
SIN 72dB 20-Piil PCC 

ML2222C* 12 + Sign ±1 12kHz, ±2.5V SINE, 35 ±5 (±5%) X X 16-Pin DIP, Serial, CODEC 
SIN 72dB 20-Pin PCC 

* Future Products 
Note 1. Temperature Range: 

C = O°C to +70°C, I = -40°C to +85°C, M = -55°C to +125°C 
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AI D Converters 

" ,-
Non Conversion Power lemperature 

Part Jtesolution Unearily Dynamic Performance Time Supplies Range' 
Number (Bits) (Max LSB) Signal to Noise Ratio (PS) (V) C I M package Comments 

M12223B* - , 12 + Sign ±3(4" ,", ,,8.5kHz, ±5.0V SINE, 44 ±5 (±5%) X X 16-Pin DIP, Serial, ASYNC 
SIN 72dB .. 20-l'in PCC 

Ml2223C* 12 + Sign ±1 8.5kHz, ±5.0V SINE, 44 ±5 (±5%) X X 16-Pln DIP, Serial, ASYNC 
.. SIN 72dB 20-Pin PCC 

M12230B 12 + Sign ±3/4 12kHz, ±2.5V SINE, 31.5 ' ±5 (±5%) X 24-Pin DIP, pI' Comp, 
SIN 72dB " " 8-Bit Bus 

Ml223(JC 12 + Sign ±1 12kHz, ±2,5V SINE, 31.5 ±5 (±5%) X " 24'Pin DIP, pI' Comp, 
SIN 72dB 8-BiiBu,s 

M12230D 12 + Sign ±1 8.5kHz, ±2.5V SINE; 44 ±5 (±5%) X 24-Pin DIP, , pI' Comp, 
SIN 72dB 8-Bit Bus 

Ml2233B 12 + Sign ±3/4 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 28-Pin DIP, pI' Comp, 
SIN 72dB 16-Bit Bus 

Ml2233C 12 + Sign ±1 12kHz, ±2.5V SINE, 31.5 ±5 (±5%) X 28-Pin DIP, pP Comp, 
SIN 72dB 16-Bit Bus, 

M12233D 12 + Sign ±1 8.5kHz, ±2.5V SINE; 44, ±5 (±5%) X 28-Pin DIP, pI' Comp, 
SIN 72dB 16-Bit Bus 

Ml2252B 8 ±1/2 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIP, pI' Comp, 
SIN 47dB 20-Pin PCC 2-CH 

Ml2252C 8 ±1 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIP, pI' Comp, 
SIN 47dB 20-Pin PCC 2-CH 

Ml2258B 8 ±112 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIp" pI' Comp, 
SIN 47dB 20-Pin PCC 8-CH 

Ml2258C 8 ±1 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 20-Pin DIP, pI' Comp, 
SIN 47dB 20-Pin PCC 8-CH 

Ml2259B 8 ±1/2 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 28-Pin DIP, pI' Comp, 
SIN 47dB 2H.in PCC 8-CH 

Ml2259C 8 ±1 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 28-Pin PIP, pI' Comp, 
SIN 47dB; 28-Pin PCC 8-CH 

Ml2261B 8 ±1/2 250kHz, 5V SINE, .67 5 (±5%) X X 20-Pin DIP, pPComp, 
SIN 48dB 20-Pin PCC RD/WR 

Ml2261C 8 ±1 250kHz, 5V SINE, .67 5 (±5%) X X 20-Pin DIP' pI' Comp, 
SIN 48dB 20-Pin PCC RD/WR 

Ml2264B 8 ±1/2 250kHz, 5V SINE, .68 5 (±5%) X X X 24-Pin DIP, pI' Comp, RD/WR, 
SIN 48dB 24-Pin SOIC 4-CH Mux 

Ml2264C 8 ±1 250kHz, 5V SINE, .68 5 (±5%) X X X 24-Pin DIP, pI' Comp, RD/WR. 
SIN 48dB " 24-Pin sale 4-CH Mux 

Ml2271B* 10 ±1/2 150kHz, 5V SINE, 1.5 5 (±5%) X X X 20-Pin DIP, pI' Comp, 
SIN 60dB 20-Pin SOIC RD/WR 

Ml2271C* 10 ±1 150kHz, 5V SINE, 1.5 5 (±5%) X X X 20-Pin DIP, pPComp, 
SIN 60dB , 20-PinSOIC RD/WR 

Ml2280B 8 ±1/2 51kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP Serial 1/0, 
SIN 47dB Single CH " 

Ml2280C 8 ±1 51 kHz, 5V SINE, 6,6 5,(±10%) X X X 8-Pin DIP Serial 110, 
SIN 47dB Single CH 

Ml2281B 8 ±1/2 51 kHz, 5V SINE, 6,6 5 (±10%) X X X 8-Pin DIP Serial 1/0. 
SIN 47dB ,Single CH 

Ml2281C 8 ±1 51 kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP , Serial 1/0. 
SIN 47dB Single CH 

Ml2282B 6 ±1/2 475kHz, 5V SINE, 6.6 5 (±10%) X X X 8.Pin DIP Serial 1/0, 
SIN 47dB 2~CH 

Ml2282C 8 ,±1 47.5kHz, 5V SINE, 6.6 5 (±10%) X X X 8-Pin DIP Serial 1/0, 
SIN 47dB 2-CH 

* Future Products 
Note 1. Temperature Range: 

C = O°C to +70°C, 1= -40°C to +85°C, M = -55°C to +125°C 
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AI D Converters 

Non Conversion Power Temperature 
Part Resolution Linearity Dynamic Performance Time Supplies Range' 

Number (Bits) (Max LSB) Signal to Noise Ratio Ips) (V) C I M Package Commenls 

ML2283B 8 ±1/2 36.5kHz, 5V SINE, 6.6 5 (±10%) X X X 14-Pin DIP Serial 110, 
SIN 47dB 4·CH 

ML2283C 8 ±1 36.5kHz, 5V SINE, 6.6 5 (±10%) X X X 14·Pin DIP Serial 110, 
SIN 47dB 4·CH 

ML2284B 8 ±112 39kHz, 5V SINE, 6.6 5 (±10%) X X X 14·Pin DIP Serial 110, 
SIN 47dB 4·CH 

ML2284C 8 ±1 39kHz, 5V. SINE, 6.6 5 (±10%) X X X 14·Pin DIP Serial 110, 
SIN 47dB 4·CH 

ML2288B 8 ±1/2 36.5kHz, 5V SINE, 6.6 5 (±10%) X X X 20·Pin DIP, Serial 110, 
SIN 47dB 20·Pin PCC 8·CH 

ML2288C 8 ±1 36.5kHz, 5V SINE, 6.6 5 (±10%) X X X 20·Pin DIP, Serial 110, 
SIN 47dB 20·Pin PCC 8·CH 

* Future Products 
Note 1. Temperature Range: 

C = O'C to +70'C, I = -40'C to +85'C, M = -55'C to +125'C 

I 
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D/A Converters 

Selection Guide 

Non Settling Power Output Temperature 
Pari Resolution Linearity Time Supplies Reference Voltage Range 

. Number (Bits) (Max LSB) Ips MaX) (V) (V) IV) c.. I M Package Comments 

ML2340B 8 ±1A 5 Single 5 or 12, 2.25 or 4.50 Rail-to-rail,· ·X X X 18-pin DIP Flow thr\lUgh, 
(ll-blts with dual ±5: bipolar, 18-pin SOIC or single. 
gain ranging) unipolar. buffered data 

ML2340C 8· , .±'12 5 Single 5 or'12, 2.25 or 4.50 Rail-to,rail, X X X 18-pinDIP Flow through, 
(11-bits with dual ±5 bipolar, 18-pin SOlt or single 
gain ranging) unipolar buffered data 

ML2341B 8 ±1A 5 Single 5 or 12, 2.25 or 4.50 Rail-to-rail, X X X 20-pin DIP Dou ble or si ngle 
(ll-bits with dual ±5 bipolar, 20-pin PCC buffered data 
gain ranging) unipolar 

ML2341C 8 ±'12 5 Single 5 or 12, 2.25 or 4.50 Rail-to-rail, X X X 20-pin DIP Dou ble or si ngle 
(11-bits with dual ±5 bipolar, 20-pin PCC buffered data 
gain ranging) unipolar 

ML2350B 8 ±1A 5 Single 5 or 12, 2.50 or 5.00 Rail-to-rail, X X X 18-pin DIP Flow through, 
(ll-bits with dual ±5 bipolar, 18-pin SOIC or single 
gain ranging) unipolar buffered data 

ML2350C 8 ±'12 5 Single 5 or 12, 2.50 or 5.00 Rail-to-rail, X X X 18-pin DIP Flow through, 
(ll-bits with dual ±5 bipolar, 18-pin SOIC or single 
gain ranging) unipolar buffered data 

ML2351B 8 ±1A 5 Single 5 or 12, 2.50 or 5.00 Rail-to-rail, X X X 20-pin DIP Double or single 
(11-bits with dual ±5 bipolar, 20-pin PCC buffered data 
gain ranging) unipolar 

ML2351C 8 ±'12 5 Single 5 or 12, 2.50 or 5.00 Rail-to-rail, X X X 20-pin DIP Double or single 
(11-bits with dual ±5 bipolar, 20-pin PCC buffered data 
gain ranging) unipolar 

• Future Products 
Note 1. Temperature Range: 

C = O·C to +70·C, I = -40·C to +85·C, M = -55·C to +125·C 
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October 1990 
PRELIMINARY 

ML2200, ML2208 

12-Bit Plus Sign Data Acquisition Peripheral 

GENERAL DESCRIPTION 
The ML2200 and ML2208 Data Acquisition Peripherals (DAP) 
are monolithic CMOS data acquisition subsystems. These 
data acquisition peripherals feature an input multiplexer, a 
programmable gain instrumentation amplifier, a 2.SV . 
bandgap reference, and a 12-bit plus sign AID converter with 
built·in sample-and-hold. In addition to a general purpose 
8-bit microprocessor interface, the ML2200 and ML2208 
include a programmable processor, data buffering, a 16-bit 
timer, and limit alarms. 

The ML2200B and ML2208B self-calibrating algorithmic 
AID converters have a maximum non-linearity error 
over temperature of 0.018% of full-scale, while the 
ML2200C, Ml2200D, ML2208C, and ML2208D have a 
maximum non-linear.ity error over temperature of 
0.024%. . 

The ML2200 has a four channel differential input multiplexer 
and the ML2208 has an eight channel single ended input 
multiplexer. 

The digital interface, with software-alterable configurations, is 
designed to off-load the microprocessor. Control of the DAP 
is autonomously handled through the control sequencer 
which receives its instructions from the instruction RAM. 

ML2208 BLOCK DIAGRAM 

AVec 

? 
AGND 

? 

12-BIT PLUS SIGN AID 
WITH 

FEATURES 
• Resolution 12 bits + sign 
• Conversion time 

(including 51 H acquisition) 31.5fJs max 
• Sample-and-hold acquisition 2.3fJs max 
• Non-linearity error ±3ALSB and ±1LSB max 
• Low harmonic distortion 0.01% 
• No missing codes 
• Self-cali brati ng - mai ntains accu racy over ti me and 

temperature 
• Inputs withstand 17VI beyond supplies 
• Internal voltage reference 2.5V ±2% 
• Four differential or eight single-ended input channels 
• Data buffering (8 word data RAM) 
• Progrilmmable limit alarm 
• 8-Bit microprocessor interface- interrupt, DMA, or 

polling 
• 16-Bit timer for programmable conversion rates 
• Standard hermetic 40-pin DIP .. 
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AO 
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ML2200, ML2208 

ML2200 B,LOCKDI~GRAM 

+CHO 
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Figure 1. Block Schematic Diagram 
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ML2200, ML2208 

PIN DESCRIPTIONS 
PIN NO. NAME FUNCTION PIN NO. NAME FUNalON 

1 AGND Analog Ground. 28 DBR Data Buffer Ready output active 
2 VTEMP Voltage output proportional to the high indicates that a sequence of 

die temperature. operations has completed and 
3 VREF I nternal voltage reference output data is ready to transfer. DBR is not 

4-11 CH Analog Inputs. maskable. It can be used to gener-
ML2200- Positive or negative ate an interrupt in addition to the 
input of four differential inputs INT pin when the DBRIE bit in the 
ML2208 - Eight single ended in- interrupt mask register has not 
puts referenced to common pin. been enabled. DBR is the DMA 
Digitally selected by control request pin when DMA mode is 
sequencer. enabled. DBR is not active unless 

12 NC Ml2200- No connection. in run mode and at least one se-
COM Ml2208 - Negative common quence of operations has been 

input for the eight input channels. completed. DBR remains active in 
Tie to analog ground or (Vss +2.5) the halt mode if not acknowl-
to (AVcc-2.5V) edged; low during reset time and 

13 Vss Negative power supply; decouple power-down. 
toAGND. 29 DGND Digital Ground. 

14 PDN Power-Down. Input. When 30 ClK Clock input. Drive with an external I PDN = 0, device in power-down clock or crystal reference to 
mode with register contents DGND. The crystal must be paral-
retained if AVcc >2.0V. lei resonant with minimum capaci-

15 NC No Connection. tive loading (Le., No bypass caps 
16-19 D7, D6, D5, D4 Bidirectional data bits. should be used and leads should 

20 DGND Digital Ground. be kept short). 
21 DVcc Digital power supply. Tie to AVcc 31 RESET Active low hardware reset with 

from same power supply. internal pull up resistor of 200K. 
22-25 D3, D2, D1, DO Bidirectional data bits. Tie to system reset line or to 

26 SYNC In the slave mode, SYNC is a grou nded capacitor. The capacitor 
positive edge triggered input used size (usually >6/lF) is based on the 
to start a conversion. In master time the power supplies stabilize, 
mode, SYNC is an output and to the time reset voltage reaches 
indicates a conversion has 1.4V (>400ms). 
occurred. 32 TCLK External ti mer, TCLK is used as 

27 INT Interrupt output. A maskable inter- external clock input for the 16-bit 
rupt programmable to be active timer when the TCLK bit in the 
high or low or will default to active control register is set to one. 
high. INT will not clear until ac- 33 ALE Address latch enable, active low 
knowledged in halt mode; not latches information on AO, A1, A2 
affected by the run or halt state. and CS. Tie to AVcc to disable use 
INT =0 during reset and inactive when separate address and data 
during PDN. bus are used. 

34 A2 Address 2 
35 A1 Address 1 
36 AO Address 0 
37 CS Chip select, active low 
38 RD Read, active low enables Ml2200 

or Ml2208 to drive data bus. 
39 WR Write, active low allows writing 

into the registers. 
40 AVcc Positive analog Power supply. De-

couple to AGND. Tie to DVcc 
from same power supply 
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ML2200,. ML2208 

PIN CONNECTIONS 

ML2200 
4O:PINOW 

AGNO AVcC 

VTEMP WR 

VREF iID 

cs 
CHO- AO 

CH1+ Al 

CH1- A2 

CH2+ ALE 

CH2- TClk 

CH3+ RESET 

CH3- CLK 

NC DGNO· 

Vss OBR 

INT/INT 

NC SYN.C 

07 DO 

06 D1 

05 D2 

04 03 

OVcc 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) , 

Supply Voltages (AVcc and DVcd ' ...................•. 6.0V 
Negative Supply Voltage (Vss) .................. ,... - 6.0V 
VoltageatAnaloglnputs .•............. Vss-7VtoAVcc +7V 
VoitageatVREF •••••••••••• , ••••••••• Vss -7VtoAVcc +7V 
Input Current per Digital Pin. ...................... ± 10 mA 
Input Current at Analog Inputs .................... ±20mA 
Storage Temperature Range ................ - 65°C to + 150°C 
Package Dissipation@25°C .......................... 1W 
Lead Temperature (Soldering 10 set.) 

Dual-In-line Package (Ceramic) ................ 300°C 

ML2208 
4O-PIN DIP 

AGNO AVec: I 

.VUMP WR 

VREf iID 

tHO cs 
CHl AO 

CH2 .Al 

CH3 A2 

CH4 ALE 

CH5 TClk 

CH6 RESET 

CH7 CLK 

COM OGNO 

Vss OBR 

PON INT/INT 

NC SYNC 

07 DO 

06 D1 

OS 02 

04 03 

DGNO OVcc 

TOP VIEW 

OPERATING CONDITIONS· 
(Note ~) 

Temperature Range ....................... T MIN :S T A :S T MAX 

ML2200BC), ML2200CC], ML2200DC] .......... O°C to 70·C 
ML2208BC], ML2208CC],ML2208DC] .......... O°C to 70°C 

Supply Voltage (AVccand DVcd .......... 4.5Voc to 6.0Voc 
Negative Supply Voltage (Vss) ........... -4.5Voc to -6.0Voc 
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ML2200, ML2208 

ELECTRICAL CHARACTERISTICS 
The following specifications apply for AVec = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
Ov, TA =TMIN to TMAX unless otherwise specified. Cl = 100pF for DO-D7, Cl = 50pF for INT, DBR, and SYNC. 

SYMBOL PARAMETER CONDITIONS UNITS 

Converter Characteristics 

linearity Error 
ML2200BC], ML2208BC] 4 fCClK = 0.1 :S 7MHz ±3;" LSB 
ML2200CC], ML2208CC] fccLK = 0.1 :S 7MHz ±1 LSB 
ML2200DC], ML2208DC] fccLK = 0.1 :S 5MHz ±1 LSB 

Unadjusted Zero Error 
ML2200BC], ML2208BC] 4 ±3/4 LSB 
ML2200CC], ML2208CC] ±2 LSB 
ML2200DC], ML2208DCj ±2 LSB 

Unadjusted Positive and Negative 5 ±4 LSB 
Full Scale Error 

Zero Error Temperature Coefficient 0.5 ppm 1°C 

Gain Temperature Coefficient External Reference 3 ppm 1°C 

Common-Mode Rejection 13 80 dB 

Analog Input Range 5 All Analog Inputs Vss-O.OS AVcc+O.OS V 

External Source Resistance 5 Channel = Analog Input 2 kn 
for Analog Inputs 5 Channel = Voltage Reference 0.5 kO 

Differential Analog Input Range 4 CHX referred to COM -VREF +VREF V 
for ML2208 
CHX+ referred to CHX- for 
ML2200 

Off Channel Leakage Current 5,6 On Chan ~ 2.5Y, -100 nA 
Off Chan = -2.5V 
On Chan = -2.5V +100 
Off Chan = 2.5V 

On Channel Leakage Current 5,6 On Chan = -2.5Y, -100 nA 
Off Chan = 2.5V 
On Chan = 2.SV +100 
Off Chan = -2.5V 

Gain Error Gain = 2, 4, or 8 0.03 % 
.. 

Voltage Reference and VlEMP Characteristics 

VREF Absolute Value 4 Referred to AGND 2.45 2.55 V 

V REF Output Pi n 
Output Resistance 5 300 mO 
Minimum Load Resistance 5 1 kO 
Maximum Load Resistance 5 SO pF 
Temperature Coefficient SO ppm 1°C 
line Regulation 4.75:S AVcc S 5.25 1 mV 

-4.75 ~ Vss ~ -5.25 1 mV 
Load Regulation 11lA - 2.SmA 1 mV 
Output Noise 100 IlVRMS 

VTEMP Output Pin AVcc-1.5 V 
Absolute Value @ 25°C 
Volts per °C 5 mV/oC 

'Micro Linear 
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ML22Q6,ML2208 

ELEORICAL CHARAOERISTICS (Continued) , >:' 
The following specifications apply for AVec'" DVce = +5V± 5.%, Vss = -5V ± 5.%, AGND = DGND= COM ,," CHX-,·.i 
0\1, TA = T MIN to T MAX unless otherwise, specified. Ct = 100pF for DO-D7, CL .. 50pF fo~INT, DBR, and SYNC;, , • 

SYMBOL PARAMETER CONDITIONS 

DC Characteristics ," 

Power Supply Current 
Alco Analog AVcc 4 - - 30 50 mA 
Dleo Digital DVce 12 RD '" CS = VIH 10 fJA 
Iss, Vss 4 18 30 mA 

Icc Standby Current AVec + DV cc 4,9 PDN pin = GND 10 1000 fJA 
Iss Standby Current 10 1000 fJA 

VeePD Minimum AVce and DVec for -
power-down data retention PDN pin = GND 2 V 

Vss = -5.25 to GND 

Power Supply Rejection " 7 

AVeclDVce DC 80 dB 
DC to 25kHz, 200mVp_p 50 dB 

Vss DC 80 dB 
DC to 25kHz, 200mVp_p 50 dB 

Vil Input low Voltage (exceptClK, telK) 4 0.8 V 

VIL1 Input low Voltage (ClK, telK) 4 0.8 V 

VIH Input High Voltage (except ClK, tClK) .4' 2.0 V 

VIH1 InpuCHigh Voltage (ClK, telK) 4 ,3.5 V 

VOL Output low Voltage 4 IOL = 2.0mA 0.45 V 

VOH Output High Voltage 5 IOH = -1mA 4.0 V 

Il Input leakage Current (except ClK 4 GND < VIN < Vce ±10 fJA 
and RESET) 

1L1 Input leakage Curent (ClK) 4 GND < YIN < Vec ±200 fJA 

IlO Output leakage Curent (DO-D7) 4 RD = CS = VIH ±10 fJA 

IRST RESET Pin Source Current 4 RESET = OV 15 50 100 fJA 

CI Input Capacitance (All Digital Inputs) 10 pF 

Co Output Capacitance (All Outputs ahd 20 pF 
DO-D7) 

.. 
AC Electrical Characteristics (Note 8) 

te Conversion Time 4,9 ClK Mode = 0 fCLK = 7.0MHz 31.5 fJS 

fCLK = 5.0MHz 44.0 fJS 

Sample and Hoid Acquisition 4,9 ClK Mode = 0 fCLK = 7.0MHz 2.3 fJS 

fClK = 5.0MHz 3.2' fJS 

SNR Signal-to-Noise Ratio V = 19kHz, 2.5VSine. 73 dB 
fClK =,7MHz 
(fSAMPLlNG = 31.8kHz). Noise is 
sum of all nonfundamental 
components up to '12 of 
fSAMPLlNG' 

THD Total Harmonic.Distortion V = 10kHz, 2.5V Sine. -75 dB 
fe,lK = 7MHz 
(fSAMPLlNG = 31.8kHz). THD is 
sum of 2, 3, 4, 5 harmonics 
relative to fundamental. 



ML2200, ML2208 

ELEORICAL CHARAOERISTICS (Continued) 
The following specifications apply for AVec = DVcc = +5V ± 5%, Vss = -5V ± 5%, AGND = DGND = COM = CHX- = 
Ov, T A = T MiN to T MAX unless otherwise specified. Cl = 100pF for DO-D7, Cl = 50pF for INT, DBR, and SYNC. 

SYMBOl PARAMETER CONDITIONS UNITS 

AC Electrical Characteristics (Note 8) (Continued) 

IMD Intermodulation Distortion VIN = IA + Is· IA = 9kHz, 1.25V -75 dB 
sine. Is = 10kHz, 1.25V sine. 
IClK = 7MHz 
(ISAMPLING = 31.8kHz). 
IMD is (IA + Is), 
(IA - Is), (21A - Is), (21A - Is), 
(IA + 2Is), (IA - 21s) relative 
to lundamental. 

FR Frequency Response VIN = 0 to 10kHz, 2.5V sine 0.01 dB 
relative to 1 kHz 

lelK ClK Frequency 4 (no crystal) 0.1 7 MHz 

IClKX ClK Frequency 4 (crystal) 3 7 MHz 

IClKI Inter,nal CLK Frequency 1/2 ICLK or 
IClKX 

IClKT CLK Frequency (tCLK only) 4 IClKI MHz 

tCLKw Minimum Clock High/Low Width 5 50 ns 
(CLK) 

tClKWT Minimum Clock High/Low Width 5 75 ns 
(tClK) 

tRF Maximum Rise/Fall Times, All Inputs 5 25 ns 

tRESET Minimum Reset Active Time 4,10 10 IClKI 
Periods 

tpDN Power·Up Time Time After PDN = VIH 1 ms 

Multiplexed Data Bus Timing 

tAL Address to ALE Setup Time 4 20 ns 

tlA Address Hold Time After ALE 4 20 ns 

tlc Latch to RD or WR Control 4 20 ns 

tRD Valid Data Delay lrom Read 4 150 ns 

tAD Address Stable to Valid Data 5 150 ns 

tLl ALE Width 4 80 ns 

tDF Data Bus float After Read 4 10 50 ns 

tCl Read or Write Control to ALE 4 20 ns 

tcc Read or Write Control Width 4 150 ns 

tDW Data Setup Time for Write 4 100 ns 

tWD Data Hold Time for Write 4 0 ns 

tRY Recovery Time Between Two Reads 4 250 ns 
or Writes 

Non-Multiplexed Data Bus Timing 

tAD Address Stable to Valid Data 5 150 ns 

tAR Address Stable Before Read 4 0 ns 

tRA Address Hold Time for Read 4 0 ns 

tRR Read Pulse Width 4 150 ns 

tRD Data Delay Irom Read 4 150 ns 

tDF Read to Data Float 4 10 50 ns 
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ML2200, ML2208 

ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply for AVcc= DVtc = +5V ± 5%~ Vss = -5V ± 5%, AGND = DGND= COM = CHX- =, 
Ov, T A = T MIN to T MAX unless otherwise specified. C l =100pF for' DO-D7, Cl = 50pF for, INT, DBR, and SYNC. ' 

SYMBOL PARAMETER CONDITIONS' 

Non-Multiplexed Data BU5 Timing 

tRV Recovery Time Between Two Reads 4 250, ns 
or Writes 

tAW Address Stable Before Write 4 0 ns 

tWA Address Hold Time for Write 4 0 ns 

tww Write Pulse Width 4 150 ns 

tDW Data Setup Time for Write 4 100 ns' 

tWD Data Hold Time for Write 4 0 ns 

DMA Interrupt and SYNC Timings 

tCKDBR 

tRDD 

tCKDBR 

tWRDBR 

tCKSYNC 

tSVNCN 

tSVNCCK 

tSYNCO 

Note 1: 

Note 2: 

Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 

Note 10: 

Clock to DBR Assert 11,4 DMA 120 180 ns 

Read to DBR Negatiof'! on last Byte 4 110 160 ns 

Clock to DBR or tCKINT, INT Assert 11,4 Non-DMA 100 180 ' " ns 

Write to ,DBR or tWRINT INT Negation 11,4 70 120 ns 

Clock to SYNC Delay 11,4 Master Mode 150 200 ns 

SYNC Input Width 5 3 fCll(l 

SYNC to Clock Setup 4 Slave: Mode 4 Only 50 ns 

Minimum SYNC Output Width 4 4 4 fClKI 

Absolute maxImum ratmgs,are limIts beyond whIch the hfe of the Integrated CIrCUIt may'be Impaired. All voltages unless otherwIse 
specified are measured with respect to ground. . 
aoc to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. ' 
Typicals are parametric norm at 25°C. 
Parameter guaranteed and 1Dq% production tested. 
Parameter guaranteed. Parameters not 100% tested are not 'in outgoing quality level calculation. 
leakage current is measured with the clock not switching. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage, 
All parameters measured from O.BV to 2;0V. 
Power-down current is with power-down pin at GNO potential only. Any other level will diSSipate more power. Other digitalin put 
pins may float but cannot be above VDD or below GNO. 

Note 11: 
RESET should be held active for at least 10 internal clocks after power supplies have stabilized to within 5% of 5V. 
Since the internal master clock is the input clock divided by 2, this number can be either the maximum listed or the maximum listed' 
plus 'h the input clock period. 

Note 12: 
Note 13: 

2-12 

When RO - CS -VIL' the current into the OVcc pin depends on the load on the data bus pins 00-07. 
Common·Mode rejection is the ratio of the change in zero error to the change in common-mode input voltage. 
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TIMING DIAGRAMS 

READ CYCLE WRITE CYCLE 

I 
Figure 2. Multiplexed Bus 

READ CYCLE WRITE CYCLE 

AO-A2,CS 

DATA BUS 

WR 

. Figure 3. Non-Multiplexed Bus 
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liMING DIAGRAMS (Continued) 

FIRST BYTE lAST BYTE 
THERE ARE2'n,READOPERATlONS WHERE n IS THE NUMBER 
OF WORDS TO BE TRANSFERRED. DBR IS SET AND CLEARED BY 

, INTERNAL CIRC,UITRY. 

NillE: DMA 81T IN THE CONTROL REGISTER MUST 8E SET FOR 
THIS OPERATION. 

Figure 4. DMA Mode 

MASTER MODE 

~,,: __ '-_+' v-----t~ f~" . 
tcKSYNC ISYNCO 

ClK, r\,~ 
~ ~B~R_O_R_tc_KI_NT __ ~ __ ~ __ 

DBROR INT ---A" " 

Figure 5, DRR and INT (Non-DMA Mode) 

SLAVE MODE 

CLK .v--\,~ 

SYNCIN1~1 "'i ___ "_"_ 
-t---ISYNCN .1' " 

Figure 6. SYNC 

1.0 FUNCTIONAL DESCRIPTION 
1.1 Algorithmic AI D Converter 
Micro Linear's algorithmic converter uses a successive ap
proxiniation technique. Most of today's successive approxi
mation converters use a .DAC to feed back the approximated 
signal, however this technique requires more circuitry than 
algorithmic converters. In addition the values of all of the 
resistors or capacitors in the DAC must be matched to within 
the accuracy of the converter. This is difficult to do in silicon 
beyond 10 bits unless trimming is used. An algorithmic con
verter uses less circuitry and is more easily trimmed. Micro 
linear'S algorithmic converter is implemented using a 2 x 
amplifier, a sample/hold amp, and acomparatdr as shown 
in Figure 7, 

Figure 7. Self Calibrating Ai i> Converter 

The input sample is first multiplied by two then compared to 
the reference voltage. Ifthe 2 x input voltage is greater than 
the reference, the MSB is a 1 and the reference voltage is 
subtracted from the 2 x input voltage. The remainder is 
stored in the sample-and-hold. If the 2 x input voltage ,is less 
than the reference, the MSB is a 0 and the 2 x input voltage is 
stored in the sample-and-hold. This process repeats again, 
however now the sample-and-hold voltage is multiplied by 2. 

Self-<:alibration 
In order to maintain integral and differential linearity to the 
1/2LSBlevelin an algorithmic converter, two critical parame
ters need to be controlled, loop offsets and the gain of the 
loop. Loop offsets are automatically nulled before each con
version using auto-zeroing circuitry on both the sampling 
amp and the 2 x amp. The gain of the loop is adjusted using 
self'calibration. 

Self-calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain of 
the loop and adjusting it. The gain can be measured by con
verting the reference voltage as the input as well as the refer
ence (VREFIVREF), and examining the output code. 
Converting VREF should yield plus full-scale, since VREFIVREF 
should equall.lfthe gain of the loop is slightly less than 2, 
the resulting lSB of the conversion will be "0". If the magnic 

tude bits of the resulting conversion are all "ls", the gain may 

2-14 'Micro Lin~.r 



be too great, therefore the gain is reduced to the point where 
the threshold of the LSB is reached. 

Adjustment of the 2 x gain is done with the binary weighted 
trim capacitor arrays connected to each of the 2C input ca
pacitors. A small value of capacitance is either added to or 
subtracted from the 2C input caps until the gain of the loop is 
with i n 13-bit accu racy of 2. 

1.2 Multiplexer Input 
The input voltage is ± 2.5 V relative to COM of the ML2208 
or a CH - of the ML2200. The input voltages under normal 
operation must not exceed supply voltages by 0.05 V. Each 
channel is selected by the programmable sequencer. 

1.3 Internal Voltage Reference and VTEMP 

The internal bandgap voltage reference with a temperature 
coefficient of sOppm/oC has an external use current of 
2.smA. 

The voltage reference VTEMP output is directly proportional to 
the chip temperature. 

1.4 Conversion Times 
The following table lists the conversion times which include 
the sample-and-hold acquisition time. For a CALRD and 
CALWR no AI D conversion actually takes place. 

Operation 

8-bitAID 

13-bitAID 

CALWR 

CALRD 

Number of 
Internal Clocks· 

80 

110 

52 

80 

·Internal clock is the external clock divided by two. 

1.5 Sample-and-Hold Timing 
Figure 8 shows the internal timing for the sample-and-hold 
circuitry. The relationship between the "Start of Conversion" 
and the input channel going into sample mode is fixed at 6 

EXTERNAL 
CLOCK 

I 

ML2200, ML2208 

internal clocks, regardless of the Start Mode. Six internal 
clocks after the Start of Conversion, the Sample-and-Hold is 
switched into the sample mode, placing two 9 pF capacitors 
in parallel with the input pins; one on CH + and one on CH
for the ML2200, and CH and COM for the ML2208. The 
sample switch is kept in the sample mode for 8 internal 
clocks (2.3/o1s at a 7MHz external clock), then placed in the 
hold mode. During the next 2 intemal clocks the charge on 
the sample-and-hold is transferred into the AI D, after which 
the VREF pin is sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Master 
Mode during a coriversion. SYNC is activated one internal 
clock cycle before the Start of Conversion and lasts for four 
internal clocks. 

1.6 Analog Inputs 
Difierentiallnputs and Common-Mode Rejection 
The differential inputs of the ML2200 eliminate the effects of 
common-mode input noise (60 Hz, for example), as CH + 
and CH - are sampled at the same time. 

Noise 
The leads to the analog inputs shoLJld be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into theinputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply DecOlipling 
Low inductance tantalum capacitors of 1/o1F or greater and 
O.Ol/o1F disc ceramic capacitors are recommended for bypass
ing AVee as well as Vss to AGND. These capacitors should be 
placed close to the AVec and Vss pins. 

2.0 ~p HARDWARE INTERFACE 
The microprocessor interface is a byte-oriented structure 
which occupies eight memory or I/O locations in the 
microprocessor's address space. Each register is readable and 
writable via the chip select, read and write pins, three ad
dress lines, and 8-bit data bus. 

I I I 
INTERNAL 

CLOCK 
NOTE 1 

I 
11 6 I 7 10 11 12 13 14 I 15 ffi l ". w ~ ~ ~ n n NI~ 

I 
I I 

SYNC PIN ;-1 -t-I ----i 
(MASTER MODE) ~ I 

NOTE 2 t 
START OF CONVERSION 

I I 
I I 
I I 

I 
I 
I 

I I I I 
1-o1.i----SAMPLlNG INPUT----I ~ SAMPLING REFERENCE----j 

NOTE: 
1. EXTERNAL ClOCK IN PHASE WITH INTERNAL ClOCK USING RESET. 
2. IMMEDIATE EXECUTE MODE WHERE START OF CONVERSION AND 

START OF OPERATION OCCUR AT THE·SAME TIME. 

Figure 8. Sample-and-Hold Timing 
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Interfaces are shown for multiplexed address data bus in 
Figure 9 and Figure 10. When. non-multiplexed interfaces are 

'~ . 
AIS'\!' AOORESS cs 

,II ,DECODE 

. A2 
" 

Al 

AO 
AS 

A~7 07' 
~P, 

" 
ML2200 

AD2 
ML2208 

02 

.Ail1 .01 

ADO DO 

ALE ALE 

iID iID 
WR WR .' 

Figure 9. 8-Bit Multiplexed Bus Interface 

2.1 Interrupts 
The ML2200 and ML2208 provide two interrupt pins, one for 
control/status interrupts (INn, and one fordata interrupts 
(DBR). The standard INT pin is maskable via an interrupt 
mask register while the DBR pin is always enabled to signify 
that data is available. DBR can be mapped into the INT pin if 
only one interrupt pin is desired. ' 

T~e 'interrupt pin (INn can be programmed,via the Interrup( 
BifMask register, to be active high, or active low. When pro
grammed for active high, it is driven in'both directions. When 
INT is programmed for active low, it is an open drain output, 
therefore an external pull-up resistor of 2,5 kQ or more 
should be used, The DAP's Status register can be read to 
determine whether its interrupt is active or not. 

8237. HLDA 
DMA CONTROLLER HOLD 

lOW DREQ 
Ail-A7 iOR DACK 

, DATA 

used, ALE can be tied.high. All internal address and chip 
select latches are transparent. 

, '~ 
Al5 ADDRESS L. Cs , DECODE J-, r · · A2 · Al 

~ AO 

AD7 i7 ~p ML2200 
ML2208 

AD3 03 

AD2 02 

ADI 01 

ADO DO 
'ALE ALE 

iii> iID 
WR WR 

. Figure 10. 11).;Bit Multiplexed Bus Interface 

2.2 DMA 
The separate DBR.pin can also serve as. a DMA request signal 
when DMA operation is enabled inthe Control register. DBR 
goes active high when the data buffer is full and ready to be 
read. DBR remains high until the last byte in the data buffer 
has been read. This allows back-to-back DMA cycles or sin: 
gle cycle transfers depending on how the DMA controller is 
programmed. The data for the DMA cycle is transferred over 
the 8-bit data bus at add ress 0 (AO-A2 = 0). The M L2200 or 
ML2208 automatically places both high and low bytes of the 
16-bit wide data buffer at address 0 or 1 for the DMA control
ler to read. The LOBYT bit in the Control register specifies 
whether the high or low byte is placed on the bus first. Figure 
11 shows a block diagram interfacing to the 8237 DMA 
controller. 

HOLD 

DATA 

ML2200 
ML:!208 

Cs 

Figure 11. DMA Interface 
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3.0 REGISTER DEFINITIONS 
These data acquisition peripherals contain six directly ad
dressable 8-bit registers, and twenty indirectly addressable 16-
bit registers. Figure 12 illustrates the register architecture while 
Figures 13,14 & 15 illustrate the bit maps and addresses. The 

PRIMARY 

first three primary registers (Window Low, Window High, and 
Index) are used to access the 20 secondary registers. Window 
Low and Window High provide read/write access to the low 
and high bytes of the secondary register pointed to by Index. 

INDEX 
REGISTER 

VALUE 

SECONDARY 

(RS4-RSO) UPPER BYTE LOWER BYTE 

BIT 0 J 00000 ~D1S ~DB D7 ~DO } 

F=::==r--==-::-,.::::c:..,--=:~-,.:::::-r=~-r-=::~-r--==-'---=-DO==--'I r~~~ ~TA (READ) 

16-BIT CAL (WRITE) 

D8 

ADDRESS BIT7 BIT6 81T 5 BIT 4 BITJ BIl2 BITl 

READ/WRITE 1 000 D7 D6 DS D4 D3 D2 01 
WINDOW LOW REGISTER 

READ/WRITE 1 001 015 D14 013 1 D12 1 D11 1 010 1 D9 
WINDOW HIGH REGISTER 

READ/WRITE 1 01" 1 AUTOII R54 1 RS3 1 RS2 1 RSl RSO 
INDEX REGISTER 

CAL RESET 1 SLFTST 1 TCLK 1 DMA 1 LOBYT 1 MSTR RUN 
CONTROl REGISTER 

INT ClCP 1 RNER 1 ISQ 1 OVRN 1 ALRM 1 OVRG 1 DBR 
STATUS REGISTER 

READ ONLY .... 1 _1_00_'-_-'J.. __ ........ _--'_...",*-==~;;-......J. __ ...J...._--' 

WRITE ONLY' LI ..:1:::00:...J'-_-1:1 C::L:::C~:.:.>\:::K"'IR:::N.:;E:::RA=K~I:::I:;:SQ=A;:KCf.:pv=RN,::.A:::K:J:IA;::L=RM:::A.,::K;!,lov=R:;:G::.:A::JKI..:D::B.:;RA..:K",1 
INTERRUPT ACKNOWLEDGE REGISTER 

READON~~1~1;::0~1~--"1~L-~......J._~...J....~~~~~I~SR=2......J.---=-S:::Rl~~S::RO:...J 
A2, Al, AU SEQUENCE REGISTER 

.0 "'Writing this bit has no effect (>. 
U "''''Write a zero to these bits \l 

ADDRESS read back ones DATA 

Figure 12. Register Architecture 

12 11 

'---~~~---~ 
MODE SElECT 
000 = IMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100= EXTERNAL SYNC/TIMER 

PRESET /lIMEOUT 
110= ILLEGAL 
111= ILLEGAL 

10 

'V'-----" 
INPUT CHANNEl SELECT 
000 = CHANNEL 0 
001 = CHANNEl 1 
010 = CHANNEl 2 
011 = CHANNEl 3 
100 = ILLEGAL 
101 = ILLEGAL 
110= IllEGAL 
111= ILLEGAL 

'----...,. 
CYClE SELECl 
000=16 BITS 
001=13 BITS 
010=8 BITS 
011 = READ CAL CODE 
111 = WRITE CAL CODE 

GAIN SElECT 
00=1 
01=2 
10=4 
11=8 

Figure 13. ML2200 Bit Map of Instruction RAM 

12 

'---~v~---'" ... ---.... ...,.,-----' 
. MODE SHECl 
000 = IMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100= EXTERNAL SYNC/TIMER 

PRESET /TIMEOUT 
110= IllEGAL. 
111= ILLEGAL 

INPUT CHANNEL SElECl 
000 = CHANNEl 0 
001 = CHANNEll 
010 = CHANNEl 2 
011 = CHANNEl 3 
100 = CHANNEl 4 
101 = CHANNElS 
110 = CHANNEl 6 
111 = CHANNEL 7 

6 

CYClE SELECT 
000=16 BITS 
001=13 BITS 
010=B BITS 
011 = READ CAL CODE 
111 = WRITE CAL CODE 

4 

GAIN SElECl 
00=1 
01=2 
10=4 
l1~B 

Figure 14. ML2208 Bit Map of Instruction RAM 

"Micro Lmear 

16-BIl TIMER VALUE 

16-BIT ALARM A VALUE 
l("BIT ALARM B VALUE 
UPPER BYTE 

8-BIT INTERRUPT ENABLE 
lOWER BYTE 

8-BIT ALARM CRITERIA 

REFERENCE SElECl 
000 = CHANNEL 0 
001 = CHANNEll 
010 = CHANNEl 2 
011 = CHANNEL 3 
100 = IllEGAL 
101 = ILLEGAL 
110 = INTERNAL VREF 
111= IllEGAL 

'---~v,----'" 
REFERENCE SElECl 
000 = CHANNEl o· 
001 = CHANNEll 
010=CHANNEl2 
011=CHANNEL3 
100 = CHANNEL4 
101 = CHANNELS 
110 = INTERNAL VREF 
111= ILLEGAL 

2-17 

II 



ML2200, ML2208 

SECONDARY REGISTER 1'J RS4-RSO = 10011 

o 

INTERRUPT EN~BLE REGISTER ALARM CRITERIA REGISTER 

Figure 15. Interrupt Enable and Alarm Criteria Registers 

3;1 Primary Registers 
READ! 
WRITE 

07 06 05 I D4 03 02 01 I DO I 
Window Low Register 

READ! 
WRITE 

015 014 013 I 012 I 011 
1 010 D9 DB. 

Window High Register 

Window Registers- Registers 0 and 1 
These registers form a two·byte window into the secondary 
registers. Window. low is the low byte of the secondary 16-
bit word, and Window High is the high byte. Anyone ofthe 
20 words in the seCondary register set can be accessed by first 
setting a 5-bit address in the Index register, then reading from 
or writing to the Window registers. Sequential access of the 
secondary registers is also available without writing to the 
Index regist!,!r via the AUTOI bit in the Index register. 
Index RegiSter...., Register 2 READ! 

WRITE 

I AUTOI I I I RS4 I RSlI RS2 IRSI I RSO I 
Index Register 

RSX = Secondary Register Address (Bits 0 to 4): The lower five 
bits of this register (RSO-RS4) define the location within the 
secondary register set that the window registers are posi-
tioned at. ' 

Bits 5 and 6: Undefined. Writing to these bits have no effect, 
however a zero should,be written; always read as ones. 

AUTOI = autoincrement (Bit 7): Setting AUTOI signifies that 
the lower five addressing bits in the Index register are auto
matically incremented after either the Window Low or Win
dow High register is accessed. Whether the auto-increment 
occurs when accessing Window Low or Window High regis
ter, is based on the LOBYT bit in.the Control register. 

Interrupt Operation Caution!!! - Using the auto-increment 
feature with interrupt driven software deserves special atten
tion. A problem can arise when an interrupt service routine 
accessing the secondary registers, interrupts another routine 
accessing secondary registerS. This problem can be avoided 
one of two' ways: disable the interrupt in the main routine 
while accessing secondary registers, or reload the index regis
ter to its entry value when exiting the interrupt routine:' 

Note: The Index register is automatically cleared only uJldj'!r 
two conditions, one is a RESET, the other is when DMA mode 
is used. This register is reset to 0 in DMA mode just prior to 
the DMA request (DBR going active). DMA mode uses the 

. index register for operation, so the index register should 
never be written to when RUN and DMA are set: 

Control Register- Register 3 READ! 
WRITE 

I CAL I' RESET I SLfTST I let. DMA I LOBYT I MSTR I RUN 

Control Register 

RUN (Bit 0): Setting this bit to a one will cause the chip to 
start executing the operations defined .in the Instruction 
RAM, beginning with location O. This is referred to as the Run 
mode. Clearing this bit will place the ML2200 in the Halt 
mode_ The run bit is initially cleared on power up.or after a 
hardware or software reset. In order to properly. start the chip 
operation, the RUN bit should beset after setting all other 
applicable bits in the control register. The act of halting the 
chip will always reset the sequence pointer to operation O. 
Thus, the next time RUN is asserted, the chip starts from 
operation o again. Placing the chip in the Run or Halt mode 
has no effect on the Interrupt pins (INT and DBR), nor the 
status bits in the status register. It is recommended that sec
ondary registers only be written to in the Halt mode. Writing· 
to secondary registers in the Run mode will cause the RNER 
status bit to be set, indicating a run error. All of the status bits 
in the Status register should be acknowledged (cleared) be
fore entering the Run mode. 

MSTR= master (Bitl):'lndicates whether the SYNC pin will 
be an input or an output. If set the chip will enter the master 
mode of operation and the SYNC pin will become an output 
pinwhich puts out a sync pulse anhebeginning of each 
operation. This serves as a signal for otherslave chips that are 
used in a synchronous operating method. While in master 
mode, any operation requidng a sync input will n~t proceed, 
and the chip will "hang", waiting for a sync that Will never 
come. The chip default is slave mode with the SYNC pin as 
an input. 

LOBYT = low byte first (Bit 2): This bit is used to indicate 
which byte is accessed first in AUTOI or DMA operation. 
When this bit is set, the index register is incremented on the 
read or write ofthe Window High register. When this bit is 
clear, the index register is incremented on the read or write of . 
the Window Low register. If DMA operation is specified, then 
setting this bit will make the low byte be:output first, then the. 
high byte, after which the index register is incremented. Con
versely. dearing this bit will output the high byte first, then 
the low byte, then increment the index register. The default is 
low. 

DMA =.DMA Mode (Bit 3): When set enables DMA opera" 
tion. DMA operation proceeds as follows: 
1) The DMA bit must be set after defining all other registers 

(Instruction RAM, Alarm etc.) but prior to setting the RUN 
bit. The RUN bit is then set. 



2) The sequence of operations in the Instruction RAM is 
executed. 

3) At the end of the sequence, the DBR pin goes true, re
questing DMA service, and the Index register is automati
cally cleared, pointing to the first location of the data 
buffer. 

4) Each read of either Window Low or Window High register 
outputs a byte from the data registers. The DMA controtler 
can read Window low register, or Window High register, 
or alternate between Window Low and Window High. 
The same data is placed in both Window Low and Win
dow High registers, and updated in both of them when 
either one is read. The data is placed in the Window regis
ters beginning with data word 0 and incrementing on up. 
The placement of the low byteJ high byte order is based on 
the lOBYT bit in the Control register, The number of bytes 
transmitted equals twice the number of operations de
fined, since the words are 16 bits going over an 8-bit bus. 
DBR remains asserted until all of the bytes have been 
transmitted. It is negated on the leading edge of the last 
byte read pulse. DBR acknowledge (setting the DBRAK bit 
in the Status register) is not required when transferring 
bytes via DMA. 

The AU1D1 bit does not have to be set when in the DMA 
mode. Setting the DMA bit forces the Index register to be 
auto-incremented in the Run mode. However if AU1D1 is not 
set; then when in Halt mode auto-increment will not be 
enabled. If the AU1D1 bit and DMA bit are both set, the auto
increment will occur in both the Run mode and the Halt 
mode. 

tcLK = enable external timer dock (Bit 4): When set, will 
divert the clock input for the internal sixteen bittimer to the 
tcLK pin. When reset to 0, the timer runs at the internal chip 
clock frequency, which is 1 J 2 of that generated at the ClK 
pin. 

SLFTST = self test (Bit 5): When set, the function of the input 
multiplexer is modified to enable self test operations. This bit 

15 14 13 12 11 10 

---v 
MODE SELECT INPUT CHANNEL SELECT 
000 = IMMEDIATE EXECUTE 000 = SYSTEM OffSET 
001 = INTRA SEQUENCE PAUSE 001 = INTERNAL REF 
010 = START ON NEXT TIMEOUT 010 = INVERT INTRN REF 
011 = PRESET TIMER/START 011 = COMMON MODE 

ON TIMEOUT 100 = ILLEGAL 
100= EXTERNAL SYNC START 101 = ILLEGAL 
101 = EXTERNAL SYNC/TIMER 110 = ILLEGAL 

PRESET /TIMEOUT 111 = ILLEGAL 
110= ILLEGAL 
111 = ILLEGAL 

Ml2200, Ml2208 

also redefines the Instruction Word, specifically the CHAN 
field of the instruction word (See Figure 16 for the redefinition 
of the Instruction Word when SlFTST = 1). With SlFTST set 
the CHAN bits now specify which of four self tests is to be 
performed as shown below. 

Instruction 
Word 

CHAN Field Function Description 

000 System Offset Inputs shorted together 
and shorted to ground 

001 Internal Convert internal VREf; 
Reference plus side tied to V REf; 

minus side tied to 
AGND 

010 Minus Internal COllvert internal V REf; 
Reference minus side tied to VREf; 

plus side tied to AGND 

011 Common Mode Both inputs of the 
converter are tied to 
VREF 

100-111 Illegal 

These self-test results are useful for Liser confidence at power
on. The default on reset is 0, normal mode of operation. 

RESET = soft reset (Bit 6): Is a software reset of the chip. This 
bit does not have to be cleared once set. The microprocessor 
should read this bit back to determine if the reset operation 
has completed, especially if a slow clock rate is being used. It 
takes at least 4 internal docks for the reset bit to clear. 
Microprocessor communication with the chip should be held 
off until this bit is read back as cleared. When issuing a hard
ware reset, communication with the chip should be held off 
until the RESET pin goes inactive. The chip will be in the Halt 
mode (RUN bit cleared) after a reset. See RESET J Power-On 
Conditions (Section 4.2) for chip register conditions after a 
reset. 

'---v 
CYCLE SELECT 
000= 16 BITS 
001 =13 BITS 
010 = 8 BITS 
011 = ILLEGAL 
111= ILLEGAL 

---"'V' 
REFERENCE SELECT 
000.-110 
INTERNAL REFERENCE 
ONLY 

Figure 16. Bit Map of Instruction Word When SLFTST = 1 
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CAL = ciIIibration start (Bit 7): When set, a self-calibration of 
the AID conyerter will begin. Reading the CAL bit indicates 
whether the chip has been calibrated since the last reset or 
power-on Condition. If cALisa 1, then a calibration of the 
AI D converter has been performed since the last reset or 
power-up. When setting CAL, the user should not write a 0 
back to clear it. Writing a 0 to the CAL bit has no effect; this' 
will not clear it if it was previously set. Attempting to set the 
RUN bitwithoutthis bit b~ing setwillresult in a run error 
condition, in which the RNER status bitwill be set; and an 
interrupt being generated if it was enabled in the mask regis
ter. The amount of time required for calibration is 8,260 inter
nal clocks, or 16,520 external docks. To determine when a 
calibration is complete, the microprocessor should enable 
the calibration complete interrupt (CLCPIE) in the interrupt 
mask register, and wait for the interrupt to occur. Interrupt 
servicing of the calibration complete interrupt is done in a 
normal manner, in which the interrupt is acknowledged by 
setting the CLCPAK bitin the interrupt acknowledge register. 
All 1/0 to the ML2200 should be avoided during calibration 
(i.e., 16,520 external clocks after the CAL bit is set), because 
accessing the chip during calibration could adversely affect 
the calibration. If an interrupt is not desired, the 
microprocessor can read the Status register to verify 
completion 16,520 external clocks after the CAL bit is set. 
When the CAL bit is set, all other bits in the Control register 
should be cleared. DO NOT set the CAL and RUN bits simul
taneously. 

Status Register - Register 4 
READ 
ONLY 

I .NT I CLCP! RN~R I 'SQ I OVRN I ALRM I OVRG I DDR I 
Status Register 

Register 4 serves as the status register of the various condi
tions that can occur, The bits in the Status register will be 
updated regardless of the Mask register. The status bits are 
updated any time within or at the end of a sequence of oper
ations. The bits in the Status register are cleared by setting the 
corresponding bits in the Interrupt Acknowledge register. The 
status register can be polled at any time without fear of clear
ing the status bits. This register is not cleared at HALTtime. 
When entering the Run mode, all of the old status bits should 
be cleared (acknowledged). 

OBR= Data Buffer Ready (Bit 0): Is set when the chip has 
gone through one complete sequence of operations and has 
filled the data registers with the converted results. This bit 
signifies that the microprocessor should read all locations in 
the data registers that have relevant.data. Reading all loaded 
data locations will clear DBR. If all loaded data locations are 
not read, DBRAK in the Interrupt Acknowledge register 
should be set to clear DBR, else OVRN will be set. The DBR 
pin is logically the same as the DBR status bit. The DBR pin is 
ALWAYS enabled and cannot be masked out. The DBR status 
bit is the only condition that can cause the DBR pin to be 
asserted. The DBR status bit can be enabled to assert the INT 
pin through the Interrupt Mask register. 

" 

OVRG = overrange interrupt (Bit1):ls set at the end of an 
operation when an underflow or overflow of the AI D con" 
verter has occurred (underflow and overflow are the most 
negative and most positive number, respectively, that is repre
seritable in.the chip according to the specified cycle length). 
The overflow and underflow conditions apply to ALL incom
ing AI D converted data. 

ALRM = limit alantl (Bit 2): Is the'limit alarm status bit. It is set 
whenever the alarm criteria specified in the alarm registers 
is satisfied by a conversion from an operation where the 
ALRMEN bit is enabled. The limit alarm test only applies to 
an operation in which the ALRMEN bit is set. 

Note thatOVRG and ALRM can be enabled without ena: 
bling the DBR interrupt so that the microprocessOr can bel~ft 
alone until an overflow I underflow or limit alarm occurs. This 
is done to search for alimit condition first without takingany 
data into the microprocesSor. Doing this, however, will set 
the OVRN (overrun error) bit in the status register, indicating 
that the microprocessor has not read any data from preVious 
sequences. 

oVRN.= over",n error (Bit 3): The OVRN bitindicates that 
the microprocessor has missed from one byte to several 
blocks of data. Even if il.!1 overrun error occurs, the ML2200 
or ML2208 continues converting the inputs and updating the 
data registers with the new conversions. 

This bit may intentionally become set as a result of searching 
for the overflow I underflow or limit alarm criteria without 
reading the data. 

The setting of the OVRN bit also occurs in DMA mode if all 
data has not been. read by the completion of the next se
quence. (Note: PBRAK should not be set in DMA mode, 
since DBR is automatically cleared by the chip.) If OVRN 
occurs in DMA mode, DBR will not be reactivated once all of 
the data from the sequence which was overrun is read; 
OVRN automatically disables DBR re-activation. Acknowl
edging OVRN (setting OVRNAK in the Interrupt Acknowl
edge register) will re-enable the DBR pin, however the OVRN 
bit may immediately be set again before the DMA controller . 
can read the entire buffer. Therefore, it is recommended that 
in DMA mode if OVRN gets set, put the ML2200 or ML2208 
in the Halt state, acknowledge the overrun and the DBR, 
then place the chip back in the Run mode .. 

ISQ = intra-sequence pause (Bit 4): Indicates that the chip has 
halted operation within a sequence as a result of chooSing 
the ISQ op code in the mode field of the Instruction word. 
Setting the ISQAK bit in the interrupt acknowledge register 
will then re-start the operation within the sequence. This lets 
the microprocessor achieve timing control of individual oper
ations within a sequence. 
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RNER = run error (Bit 5): Indicates that an error occurred 
either entering or operating in the Run state. The following 
operational errors cause the RNER bit to get set 

1. Entering the Run state without having performed a self
calibration after the most recent Reset or power-up. The 
status of whether a calibration was executed or not is indi
cated by the CAL bit in the control register. If the CAL bit in 
the Control register is a one, the chip has already been 
calibrated. 

2. Writing to any secondary registers other than the data 
registers during Run mode. All se€Ondary register loca
tions are readable during Run time. 

CLCP = calibration complete (Bit 6): Is set at the end of a 
calibration sequence. The purpose of this bit is to notify the 
microprocessorthat a self-calibration has completed. 

INT = interrupt (Bit 7): Is identical to the state of the INT pin. 
The INT status bit and pin is an OR of the status bits enabled 
in the Interrupt Mask register. While the polarity of the INT 
pin can be defined in the interrupt mask register, this bit is 
positive true only. 

Interrupt Acknowledge Register- Register 4 

Interrupt Acknowledge Register 

The status bits in the status register can only be cleared by 
setting the appropriate bit in this register; writing a zero has 
no effect. The relative bit positions in the Interrupt Acknowl
edge register are identical to the Status register except for bit 
7, which is valid for reads (see explanation in Status Register) 
and undefined for writes (user must write a zero to this bit to 
be software-compatible for possible future redefinitions). 

Sequence Register-Register 5 

SRl 

Sequence Register 

SR1 

READ 
ONLY 

SRO 

During the RUN mode, this register can be read back to 
indicate the current operation in progress. This is especially 
useful for examining interrupts when multiple intra-sequence 
pauses are specified. Bits 3-7 always reads 1s. 

Registers 6 and 7 -these registers are reserved for future use. 

3.2 Secondary Registers 
There are twenty 16-bit wide secondary registers containing 
the Data RAM, Instruction RAM, Timer, Alarms, Alarm 
Criteria Register, and Interrupt Mask. Except for the Data 
RAM, the secondary registers should only be accessed on 
initialization, or when the chip is placed in the Halt mode. 

ML2200, ML2208 

Secondary Registers 0 to 7 

Data RAM (read only) 
Calibration Holding Register (write only) 

UPPER BYTE lOWER BYTE 

015 D8 D7 DO 
1 

8x16AiDDATA 
REGISTERS 
16-BITCAL 
REGISTER 

The Data RAM consists of eight 16-bit wide registers that hold 
the output results from the latest conversion sequence. Each 
word in the Data RAM has a one-for-one correspondence 
with a word in the Instruction RAM. The Data RAM is· also 
referred to as the data output registers. 

The data output registers are double buffered and readable 
by the microprocessor at any time. The AI D converter fills a 
"shadow" bank of registers during conversions, while the 
microprocessor is free to read the output registers. When the 
sequence is done, the "shadow" bank information is trans
ferred to the output registers for the microprocessor to read, 
after which time DBR is asserted. Therefore, the 
microprocessor has essentially one sequence time to drain 
the data buffer. This time varies according to the number of 
operations defined, the system clock frequency, themode 
field for each operation, and the cycle length (number of bits 
to be converted). Refer to Conversion Times for more 
information. 

Data Format 

All data is returned from the converter in 16-bit two's comple
ment format, right hand justified, with the sign bit extended 
across the most significant unused bits. 

Cycle +Max -Max Mid-Range 

16 7FFF 8000 0000 

13 OFFF FOOO 0000 

8 007F FF80 0000 

Calibration Holding Register-
This register is for diagnostic purposes only. It is one 16-bit 
wide register mapped into the write only secondary address 
space 0 to 7 (i.e., a write to any of the secondary addresses 
0-7 will load the Calibration Holding register). This register is 
write only and cannot be read back directly. It is used when 
the mode field in the Instruction Word is set to CAL Write, 
and the Instruction is executed. This command takes the 
contents of the Calibration Holding register and loads it into 
the Calibration register of th~ AI D converter. Note that this 
will change the calibration of the AI D converter, and a cali
bration of the AI D converter should be done after a CAL 
Write command is issued. 
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Instruction RAM - Secondary Registers 8 to 15 (Read/Write) , 

OP .a 
OP 1 

01' 2 

OP 3 

OP 4' 

OP 5 

'OP 6 

OP 7 

, 
1 

9 

o 
11 

12' 

13 

14 

15 

8 x 16 OPERATK)N 
REGISTERS ' 

The Instruction RAM, sometimes referred to as the Operation 
registers, consists of eight 16-bit wide registers broken up into 
seven different fields (see Figures 10 and lOA). E@ch Instruc
tion or Operation defines a single conversion, where the 
converted data result isstored in the corresponding data 
output register. Note thafwhen the SLFTST bit in the Control 
register is set, the Instruction Word is redefined for diagnostic 
mode.Figure 12 illustrates the redefiriitionwhen SLFTST is ' 
set. The following section defines the seven different fields 
making upthe Instruction word when SLFTST ~O. ' 

015 014 013-11 010-8 07-5 04,3 02-0 

1 LAST ,I ALRMEN 1 MODE I, CHAN 1 CYCLE 1 ,GAI,N REF 

REF (Bits 2, 1, 0-Voltage Reference Selection) REFspecifies 
the source of the voltage reference used for the AI D 
conversion. 

GAIN (Bits 4,and 3-Gain Settings) GAIN defines the gain of 
the precision instrumentation amplifier. The gain can be 
either 1, 2, 4, or 8. Each gain factor of2 adds an additional 4 
internal clock cycles (1 /fCLKll to the conversion time. There
fore a gain of 8 adds an additional 12 internal dock cycles to 
the conversion time. 

CYCLE (Bits 7, 6, 5-Cycle Select) CYCLE defines one of five 
different cycles: 8-, 13-, or 16-bit conversions, and READ or 
WRITE CAL CODE. Choosing 8-, 13- or 16Cbit cycles deter
mines how inany bits the AI D converter will convert. How
ever, even though the converter has a 16-bit cycle, it may not 
have 16 bits of useful resolution. The useful .resolution of the 

'converter tan be determined from the linearity specs. 

Since the algorithmic converter is a successive approximation 
type of converter, an 8-bit cycle requires the least amount of 
time to convert, and the 16-bitcycle requiresthe most. Refer 

, ' 

to Samplil)g Rates and Conversion Times for the exact num" " 
ber of clocks each cycle takes. " , 

READ CAL CODE and WRITE CAL CODE cycles are for diag~ 
nostie purposes.only. READ CAL CODE reads the Calibration 
register in the AI D 1:0nverter and loads it into the corres-, 
ponding data output register. WRITE CAL CODE transfe~s, the 
contents of the CalibrationHolding registerint6 the AI D 
converter's Calibration register. The transfer is ,complete after 
the operation is executed. Refer t,o Diagnostics for more infor
mation on READ and WRIH CAL CODE, 

CHAN (Bits 10, 9, 8-lnput Cha;mel, Number) defines the 
input channel to be converted. 

ALRMEN (Bit 14-Alarm Enable) When this bit is set the 
alarm criteria for the operi\tion is enabled, otherwise the 
alarm is disabled for this operation. If ALRMEN is set and the 
alarm condition is met, the ALRM bit in the Status register will 
be set at the end of the operation. 

LAST (Bit 15 - Last Operation) 'Signifies that this operation is 
the last operation of the sequence. The chip will return to 
and begin the first operation Of the sequence after execution 
of the current operation., If all eight op,erations are specified, 
the last one MUST have this bit set. 

MODE (Bits 13,12, 11--1Mode Selection) defines the condi
tion that must be met fodhe operation to proceed. The 
mode field also has an effect on the Operation Execution 

Time. 

000 Immediate ExeClJte 

001 Intra-Sequence Pause 

010 Start on Next Time out 

011 Preset Timer / Start on Time out' 

100 External SyncStart 

101 External Syncltimer PresetITime but.. 

110 ILLEGAL 

111 ILLEGAL 

Events That Occur Within an Operation 

To better understand six modes bfthe' ML2200 or ML2208 
omi must first understand the events that occur during an 
operation. This can be aided by referring to Figure 17. 

OPERATION EXECUTION TIME 

START OF START OF 

SAMPLE 
MODE 

OPERATION CONVERSION 

CONVERSION EXECUTION TIME 

',HOLD 
MODE, 

SAMPLE 
MODE 

HOLD 
MODE 

Figure 17. Events Within an Operation 
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The first event that occurs in the Operation is the Start of 
Operation. This mayor may not be the beginning of the 
conversion, depending on the mode selected. The time be
tween. the Start of Operation and Start of Conversion is varia
ble. When the conditions of the mode have been met, the 
Start of Conversion occurs. 

The Conversion Execution time includes the input <Jnd refer
ence acquisition times, the gain time, and the successive 
approximation conversion time. Shortly after the Start of 
Conversion the SI H goes into sample mode acquiring the 
input .channel for eight internal clocks. After the input has 
been acquired the SIH goes into hold mode, disconnecting 
the SIH fro'\l the input channel, and transferring the charge 
into the AI 0 converter. A couple of clocks later the same 
SI H goes into sample mode on the reference voltage, either 
the internal VREF or one of the input channels. The reference 
acquisition time for all six modes is the same; eight internal 
clocks. After the SIH goes into hold mode the successive 
approximation AID conversion begins. When the conver
sion is complete the next operation begins. 

Immediate Execute (000) - The Start of Conversion begins at 
the Start of Operation. In other words, the conversion begins 
the instant the operation begins. There is no gating item de
laying the conversion. This mode allows the chip to convert 
at its maximum rate with no unnecessary delays. As an 
example of calculating the sequence time, if all eight opera-. 
tions used Immediate Execute with a gain of 1 and a B-bit 
corwersion, the time to execute one sequence (all eight oper
ations) would be 8 • 110 = 880 internal clocks. 

Intra-Sequence Pause (001) - This mode provides a way for 
the microprocessor to initiate conversions, rather than the 
other modes which either initiate conversions from internal 
timings or an external pulse. At the Start of Operation the ISQ 
status bit is set. The microprocessor will recognize the setting 
of the ISQ status bit either by polling the Status register, or 
having enabled the ISQ interrupt. The Start of Conversion is 
delayed until the ISQAK bit in the Interrupt Acknowledge 
register is set. 

Start on Next TIme out (010) - After the Start of Operation 
occurs the Start of Conversion is delayed until the internal 
timer decrements from 1 to O. When using this mode the 
timer will be free-running. This means that the timer is initial
ized in the Halt mode and left alone to decrement and reload 
automatically when in the Run mode. This mode can be 
used t.o establish a specific sampling rate. Nate that the timer 
value must be greater than the conversian time, therefore this 
mode can only slow the sampling rate down from its maxi
mUm rate. In the case where several operations are used, and 
only one of them uses this mode, the timer value must be 
greater than all the other Operation Executian times plus the 
current aperationcanversian time. . . 

PreSet TImer/Start on Time out (011) - At the Start of Opera
tion the timer is laaded with its pre-programmed count. The 
delaYbetweenthe Start of Operation and the Start of Conver
sian is the pre-programmed count. Execution time of the 
.operation is the pre-programmed timer count plus the can
version time. As opposed ta mode 2, the timer can be any 
value between 2 and 216; i.e., there is no restrictian on the 
tiiner value being greater than the conversion time. One 
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application of this mode would be when an external analog 
event is triggered by the SYNC pulse, and the canversian 
needs to be delayed by a programmable amaunt of time. 

Using the External SYNC Input-The follOWing description 
applies ta modes 4 and 5, since these twa modes use the 
external SYNC input. These modes should only be used 
when the SYNC pin.is programmed as an input (MSTR bit in 
Control register is 0). If the external SYNC signal arrives be
fore the Start of Operation, it may be latched depending 
upon the arrival time. If it arrives 22 clocks after the previaus 
operation's Start of Conversian, external SyNC will be 
latched; any time befare will miss the pulse. Therefare the 
external SYNC pulse rate should nat be any faster than the 
frequency .of the .operations which use this made, .otherwise 
there will be mare external SYNC pulses than canversians. 

External SYNC Start (100) - After the Start of Operatian, the 
Start .of Conversianis delayed until tbe rising edge of the 
SYNC pulse and the next rising edge .of the internal clack. 
Unless the rising edge of the external SYNC is synchranized 
with the internal clack (See tSYNCCK Spec), the aperture 
uncertainty is .one internal clock. 

External SYNC/Timer PresetlTIme out (101) - For this mode, 
the external SYNC pulse presets the timer, and when the 
timer times aut the Start .of Canversian begins. The timer is 
preset after the rising edge .of the external SYNC and the next 
rising edge .of the internal clack. When the timer transitians . 
fram 1 ta 0, the Start .of Canversian begins. As in the previaus 
made, unless the rising edge .of the external SYNC is synchro
nized with the internal clack, .the aperture uncertainty is .one 
internal clock. 

Timer Functions of the Different Modes-The on-chip timer 
is started when RUN is asserted. It then free-runs, pre-Iaads 
and restarts itself at the pre-programmed count unless .one of 
the mades in an .operation word specifies a timer preset. If 

"Start an Next Timeaut" mode is selected far all aperatians, 
the timer free-runs and subsequently starts canversians an 
regular intervals, without the inclusian of any variable .over
head timing requirements .of any specific aperatian. The 
"preset timer" functian that can be specified in any apera
tian, functians as a "ane-shat" time aut feature; however it 
can upset the regularity of canversians. The use .of the exter
nal SYNC start allaws flexibility with asynchranous canditians 
outside the chip. In additian, the use .of time aut with exter
nal SYNC allaws synchronaus aperatian .of multiple Micra 
Linear·chips with interleaved operatian. If a different rate is 
desired ather than increments .of .one master clack cycle (1/2 
the ClK pin frequency) .or if external elients need to be 
caunted befare starting an aperatian, then setting the tCLK bit 
in the cantral register will divert the timer ta the !eLK pin for 
all operatians. 

TImer Holding Register- Secondary Register 16-This regis
ter halds the· pre-programmed value .of the timer. The value is 
in 1 internal clack increments,or the periad of !eLK ifthis . 
input is useci. The timefis a countdown timer, therefare the 
realized delay will be the number laaded inta the Timer 
Holding register multiplied by the clack periad. The value is 
written as a 16-bit binary word, and either high or low bytes 
can be written first. These registers are bath writable and 
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readable, with register writes executed·only when the chip is 
in the Halt mode (RUN bit cleared in the control register)~ 
Reading the Timer Holding register will return the pre
programmed valuefor the timer, it will! not proVide the actual 
timer value. timer Holding register values of 1 or 0 are illegal 
and will "hang up" the timer when placed in Run mode. 
Therefore the minimum value that can be loaded into the 
Timer holding register is 2. The timer is decrementing when 
in Run mOde and idle when in Halt mode. When the chip is 
placed in Run mode,the timer is automatically loaded with 
the value in the TimerHolding Register, and begins to CQunt 
down. ' . 

Alarm Registers....;. Secondary Registers 17, 18 (Read/Write)
These regiSters specify!he alarm criteria against which the 
converted data of a current operation is compared. The come 
parison occurs only when the ALRMENbit is set within the 
operation. Secondary register 17 is Alarm A arid secondary 
register 18 is Alarm B. These values are written. in two's com- . 
plemerit format, right justined and sign extended (refer to 
Data Format for more information). 

Alarm Criteria Register- Secondary Register 19 lower byte 
(Read/Write) - Specifies the compare criteria to be used 
with alarm registers A and B. Bit 0 specifies whether the com
parison of alarm word A is to be greaterthan (setting the bit) 
or less than equal to (clearing the bit). Similarly, bit 1 specifies 
the same criteria for alarm word B. The criteria of the two 
groups can be "AN Oed" or "ORed" together by clearing 
(OR) or setting (AND) bit 2. Bits 3 and 4 enable the alarm 
comparison for words A and B, respectively. Bits 5, 6, 'and 7 
are unused and be can be any value when written, always 
read as ones. The following table illustrates all of the possible 
combinations, X signifies don't care. 

Bit Number 
4 3 2 1 0 

ENB ENA AND GB GA TestOQne:. 

0 0' X X X No Test 

0 1 X ~X 0 ~A .. 

0, 1 X X 1 >A 
1 0 X 0 X ~B 

'. L 0 X 1 X >6 
1 .. 1 0 0 0 .<i;Bor~A 

1 1 0 0 1 ~Bor >A 

1 '. 1 0 1 0 >Bor.~A 

1 " 1 0 1 1 >Bor >A 

1 1 1 0 0 ~Band~A 

1 1 1 0 1 ~Band >A 

1 1 1 1 0 >Band .~A 

1 1 .1 1 j >Band >A 

Using the various criteria, the cliip can .discern, whether a .. 
certain channel is inside or outside iI'bard, orgr,"aterthan or 
less than a value .. Notifying the.mitr.opro<;essor can be done 
through an interrupt or by polling the status register: . , ,';,' 

Interrupt Mask':" Secondary Register 19 Upper Byte 
(Read/Write) . 

This register is used to define which interru'pt conditions are 
capilble of setting the hardware interrupt pin and the INT bit 
of the Status register. The bits in the Interrupt Mask register 
are interrupt enable bits, meaning when the bits are set they 
enable the' corresponding status bit to activate the hardware 
interrupt pin as well as the INT bit in the Status register. The 
INIL bit determineS the polarity of the INT pin. If set, the INT 
pin becomes active low, with an open drain output If clear, 
the INT pin becomes active high, with driving capability in 
both directions. . . . 

Secondary. Registers 20 to 31-Undefined 
These registers are undefined and will cause unpredictable 
results ifread or written to. 

4.0 SAMPLING RATES AND 
CONVERSION TIMES 

To determine!he sampling rate, one must first determine the 
sequence execution time. A sequence is defined as the num
ber of operations or instructions used. Therefore the se
quence execution time equals the sum of the individual 
operation execution times. The simplest case for determining 
the sampling rate is when only one operation is used in the, ' 
sequence. Then the sampling period is the operation execuc 
tion time. If all eight instructions are ~ed in the sequence, 
the sampling rate would be the sequence rate multiplied by 
the number of times the channel was sampled in the 
sequence. 

It.is possible to sample one channel more frequently than 
another. For example, if every other operation sampled chan
nel 0, while the·remaining operations sampled channels 1, 2, 
and 3,the sampling rate for channel 0 would be four times 
the sampling rate of the other channels. If periodic sampling 
is important, one must be careful when sampling a channel 
multiple times in a sequence since different operations can' 
have different execution times. . 

Example: Sampling Four Channels in a Burst Every 10 ms 

Using MOde 2 "Start on Next Time out" for Instruction 0 will 
establish the 10 ms sampling rate,once the clock is initialized 
properly. Instructions 1, 2, and 3 can each use Mode 0 "Im-" 
mediate Execution". For the ML2200, each instruction can' 
sample a different channel, thus covering all four channels in 
a burst. For the ML2208, the same holds trlie except all eight 
channels can be sampled in a burst, periodically. 

Assuming the external clock is 7 MHz and each conversion i~' 
13 bits with a gain of 1, the conversion time for each opera
tionwill be 110 *.286ns = 31.4~s. Thereforefourinstrui, 

. tions will require 4 * 31.4~s = 125.7~s. The execution' 
time is l)1uch less than the sampling rate, thus the timer can 
be used to setthe sampling rate. The timervalue for a 10ms 
sample rate is: lOms/286 ns = 35,00() decimal or 88B8H. 
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Operation or Instruction Execution Time 
Figure 17 illustrates the Operation Execution Time. The time 
between the Start of Operation and Start of Conversion is 
variable and depends on the Mode chosen. For more infor
mation on how to determine the time between Start of Oper
ation and Start of Conversion refer to the Secondary registers 
Mode field description in the Instruction RAM. 
The Conversion Execution time depends on the Cycle, the 
Gain, and the Mode chosen in the instruction word. Modes 
0-5 all behave the same way when it comes to Conversion 
Execution Time. To help determine the Conversion Execution 
Time the following table gives the number of internal clocks 
used for Modes 0-5 based on the Cycle chosen. 

Cycle 

16-Bit 

13-Bit 

8-Bit 

Read CAL 

Write CAL 

Number of Internal System 
Clocks Needed 

(1/fCLKI) 

128 

110 

80 

80 

52 

Add 4 extra clocks to the Cycle time for each gain of 2 (in
cluding Read CAL and Write CAL). For a gain of 2 add 4 extra 
clocks, for gain of 4 add 8 extra clocks, for gain of 8 add 12 
extra clocks. Example: Modes 0-5, Cycle = 13-bit conversion 
with a gain of 8. Conversion Execution time is 122 internal 
clocks. 

5.0 MICROPROCESSOR 
INITIALIZATION PROCEDURE 

The follOWing sequence of steps is recommended when 
initializing the ML2200 from the microprocessor: 
1) Keep reset active for at least 10 internal clock cycles after 

power supplies have stabilized. If a software reset is issued, 
hold off microprocessor communications with the chip 
until the RESET bit in the control register is read back as 
cleared, which takes 4 internal clock cycles. 

2) If desired, check the data register path by performing a 
write and read of the calibration register for all 8 opera
tions. (This step is optional, but does provide user 
assurance of the integrity of the on-chip data paths.) The 
calibration register is a full 16-bit data path. 

3) Perform a calibration by first enabling the CLCP interrupt 
in the Interrupt Mask register, then start the calibration by 
asserting the CAL bit in the Control register. Alternately, if 
an interrupt driven system is not desired, the interrupt 
status register can be polled 8260 intemal clocks after the 
CAL bit has been set. The chip should not be polled dur
ing calibration. 

4) Upon receiving the CLCP interrupt, acknowledge it. If 
desired, read back the calibration code to verify a success
ful calibration. Other diagnostics may be run at this time, 
however diagnostics are optional and not required. 
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5) Load the Instruction RAM, alarm criteria, interrupt condi
tions, and timer. Set the proper data transfer mode up 
(DMA, interrupt driven or polled mode.) Clear all status 
bits before setting the RUN bit. 

6) Start the chip running by setting the RUN bit in the Con
trol register. This may be done by ORing the RUN bit with 
the other bits already configured in the Control register; 
however do not set the CAL bit again or another calibra
tion will take place. Writing a 0 to the CAL bit has no ef
fect; it will still read 1. 

5.1 Reset/Power-On Conditions 
When applying power to the ML2200, DVcc and AVec 
should never be powered-on at different times. 

It is OK to assert both RD and WR during RESET time, but not 
legal to do so otherwise; this may damage the chip internally. 

The following list specifies the affected registers on the chip 
after a reset is performed. Note that both hardware and soft
ware reset of the chip have identical effects. 

All registers shown below are cleared (all bits 0): 

Primary Registers: 
Index register (register 2) 
Control register (register 3) 
Status register (register 4) 
Sequence status (register 5) 

Secondary Registers: 
Interrupt bit mask (upper half, register 19) 
Alarm criteria register (lower half, register 19) 

All other registers will have random data in them after power
on. If a·hardware or software reset is performed later, registers 
which are not listed above will be unchanged. 
Re-calibration after a hardware or software reset is not neces
sary, since the calibration register remains the same after a 
reset. Only after a power-up is a calibration necessary. How
ever the CAL bit in the Control Register will be cleared after a 
reset. Setting the RUN bit while the CAL bit is clear will cause 
the RNER bit to be set. But, if a calibration had been done 
before the reset, the RNER may be ignored. 

5.2 TImer 
If any of the operations require a timer function, (either a 
one-shot or regular conversion interval) then the timer value 
must be written. This is done by writing the index register 
value to 10 hexadecimal and writing the proper 16-bit time 
value to the window registers. The timer value must be 
greater than 1. If using mode 2 "Start on Next Time out" the 
timer value must be greater than the conversion time. 

5.3 Umit Alarm Operation 
The chip may be set up to watch for certain data conditions 
by enabling the proper interrupt bits in the Interrupt Mask 
register. These conditions include AI D overrange I 
underrange and user-defined alarm criteria. In order to use 
the alarms, the A and B alarm values must be defined. Note 
that since alarm registers A and B are 16 bits wide, 13-bit two's 
complement sign extended values must be loaded. (Refer to 
Data Format for more information). In order to further qualify 
alarm registers A and B, the Alarm Criteria register must be 
initialized. 
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5.4 Defining Interrupt Conditions 
If the chip is used in polled situations, the interrupt mask bits 
need not be set unless the "OR" ofthe interrupt conditions, 
bit 7 In the Status register is used. 

If the chip is used irilnterfupt mode rather than polled mode, 
the desired interrupt conditions should be considered. In 
addition to the interrupts specified for data comparison oper
ations, several'other interrupts can be'defined in the Interrupt 
Mask register. The DBR bit can be set if the DBR pin is not 
used. This enables interrupts at the end of sequences for data 
transfer via the INT pin. The intra,sequence interrupt bit 
should be enabled if intra-sequence pauses are desired in any 
of the operations. Overrun e.rror and run-time error bits 
should be enabled if trapping of these errors is desired. 

Note that alarm A ahd Band overrange interrupts occur at 
any time within the sequerice of operations. Due to the inter
rupt latency ti.me of the microprocessor, multiple interrupts of 
this type within a sequence may be indistinguishable from 
each other. The A and B alarms should generally be used on 
only one operation so that its source can be determined with 
no ambiguity. Overrange'interrupts can be handled byexam
ining the data in the chip at the end of the sequence. 

The INT pin polarity can be defined to be active high (bit 15 
cleared in the Interrupt Mask register) br active low (bit 15 
set). When active low is chosen, the INT pin is open drain 
without a pull-up. When active high, the INT pin is driven' 
actively in both directions. The default condition is aCtive 
high, and the INT pih is actively driven low during reset'time. 

6.0 METHODS OF DATA TRANSFER 
TO THE MICROPROCESSOR 

There are several way~to handle the data output; polling, 
interrupt, or DMA., If interrupts are the method chosen, 
method 5) may be preferable. Metnod 5) DMAllnterrupt 
mode, does not require a DMA controller. It sin;lply uses the 
DMA mode of the ML2200 or ML2208 which can be inter
faced to an interrupt controller. 

1) Intra-Sequence pause instruction is used when the 
microprocessor is not going to periodically/continuously 
read the data, but it will read the data at arbitrary times. 
The Table 1 below shows- the op codes to sample all eight 
channels. ' 

Table 1. Channels inan Ml2208 at Arbitrary Times 

Last ALRMEN Mode 

SEQO 0 0 Intra Sequence 
Pause 

SEQ1 0 0 Immed Execute 

SEQ2 0 0 ,Immed Execute 

SEQ3 0 0 Immed Execute 

SEQ4 0 .0 Immed Execute 

SEQ5 0 0 Immed Execute 

SEQ6 0 0 Irrimed E~ecute 

SEQ7 0 Immed Execute 

Using these instruction-s the program begins when the RUN ,. 
bit is set in the control register. Immediately after RUN is set 
before the first conversion takes place, the ISQbit in the- ' 
statusregisteris set. This indicates that the sequencer has 
paused. When the microprocessofwantstoread a valueon 
one or more of the channels it sets thelSQAK bit in the Inter, 
rupt Acknowledge register. The ML2208 then performs eight 
conversions back-to-back, jumps back to sequence 0; and , ' 
sets the ISQ and DBR bits in the status register. The data from 
all eight channels is now available in the Data RAM. The next 
time a conversion is desired, once ag;lin the microprocessor 
sets. ISQAK in the interrupt acknl)wledge register. 

2) Polled mode transfer is done simply by polling the status 
register and examining the DBR bit to see if a sequence 
has been completed. TheDBRIE interrupt mask bit need 
not be s~t, but an acknowledge should be done by setting 
DBRAK In the Interrupt Acknowledge register, otherwise 
an overrun error will occur. The CPU can just poll the INT 
bit in the Status register. Only the bits which are 
enabled in the Interrupt Mask register will set the 
INT status bit. When the INT bit is set, the CPU can 
examine the other status bits to determine which 
requests are active. 

3) Interrupt mode can be implemented using the INT pin 
and enabling the.desired interrupt conditions in the Inter
rupt Mask register. The polarityofthe INT pin can be . 
selected at the same time. If desired, DBR can be used as 
a second interrupt pin to signify the transfer of data only; 
This may be useful in systems with multiple and 
prioritized interrupt structures. If DBR is used, the DBR 
mask bit in the interrupt mask register should bedisabied 
or cleared. 

4) DMA mode can be implemented by setting the DMA. , 
enable bit in the control register and selecting high byte or 
low byte first by setting or clearing the LOBYT bit. The 
DBR pin is uti·lized astheDMA request, and will remain 
asserted until all data from the sequence is read. 

5) DMA/lnterrupt mode. DMA moqe can also be used in 
non-DMA applications. Although this appears to be un
conventional, it may actually be preferred over the inter
rupt mode because of its convenience and speed. One 
way to do this would be to use the DBR pin as an interrupt 
request but enable DMA mode inlhe DAP. When data is 
ready DBR interrupts the microprocessor. The 

CHAN Cycle Gain REF 

CHO 13 Internal 

CH1 13 1 Internal 

CH2 13 Internal 

CH3 13 Internal 

CH4 13 Internal 

CH5 13 Internal 

CH6 13 Internal 

CH7 13 Internal 



microprocessor then reads either window register the 
required number of times to drain the Data RAM. Using 
the DMA mode interrupt method over non-DMA mode 
interrupt method saves a lot of overhead. For example in 
non-DMA mode interrupt method (assuming AUTOI is 
set), the index register would have to be set on entry, and 
the DBRAK bit would have to be set each service routine. 
In DMA interrupt mode, neither the Index register nor the 
DBRAK bit would have to be set. These are handled auto
matically in DMA mode. 

7.0 POWER-DOWN MODE 
The chip can be powered-down by asserting the PDN pin. It is 
advisable to place the chip in HALT mode first by clearing the 
RUN bit in the control register, however the chip will auto
matically go into Halt mode when powered-down. All analog 
circuits are powered-off; digital circuits are left In an idle state. 
All registers within the chip will retain their values down to a 
level of 2V between Vee and GND. 

Powering-up the chip is done by bringing PDN high. The chip 
will be in Halt mode upon power-up. Note, however, that the 

APPENDIX A 
Diagnostics 
The ML2200 and ML2208 may be run through a diagnostic 
routine after power-up. The DAP provides software 
programmable diagnostics so that no external hardware is 
necessary. Diagnostics are not necessary. They are provided 
as an option to the user. 

Self-Test Mode 
Setting the SLFTST bit in the Control register redefines the 
CHAN field in the Instruction Word. This in effect changes 
the input to the Sample-and-Hold from the multiplexer input 
channels to internal points within the chip; such as VREF and 
AGND. Conversions in the Self-Test Mode allow the user to 
determine how the Sample-and-Hold and AI D converter 
behave with known input signals. This can be useful as a 
diagnostic routine for a product in the field, or as a debugging 
feature during product development. Figure 16 illustrates the 
re-definition of the instruction word when SLFTST = 1. 
1. System Offset -The positive and negative inputs to the 

Sample-and-Hold are. tied to analog ground. With this 
setting, converted data will give the offset of the AID 
converter and Sample-and-Hold combination. 

LAST ALRMEN MODE 

SEQ 0 0 0 INTRA SEQ PAUSE 

SEQ 1 0 0 IMMED EXECUTE 

SEQ 2 0 0 IMMED EXECUTE 

SEQ 3 0 IMMED EXECUTE 

After the RUN bit is set, the ISQ bit in the status register is 
immediately set. Setting the ISQAK bit in the Interrupt Ac
knowledge register will allow the sequencer to continue. The 
next time the ISQ bit is set, the results may be read from the 
Data RAM. 

ML2200, ML2208 

first lOms of chip operation after a power-up will not be valid 
due to the settling of quiescent bias conditions within the on
chip's analog circuits. Any data that is returned for this period 
after power-up should be considered invalid. The user has 
the choice of either throwing away the first lOms of data or 
waiting for lOms and then setting the chip in RUN mode. The 
on-chip timer can be used for this purpos~, if desired, by 
defining a sequence of dummy operations that last for the 
required delay, then re-writing the required operations for 
normal use. 

Acknowledge register. DBRAK should also be set sometime 
before the next sequence to prevent the OVRN bit from 
being set, however this is not necessary. 

Note that the microprocessor cannot let the ML2200 se
quencer run continuously, i.e., SEQ 0 would be changed to 
Immediate Execute and asynchronously read the Data RAM. 
The problem in this case would be that the microprocessor 
may read the data at the same time that the chip is updating 
it. That is why either polling, interrupt, or DMA transfer is 
required in a continuous run mode of operation. 

2. Internal Reference - Connects the positive input of the 
Sample-and-Hold to VREF and the negative input of the 
Sample-and-Hold to analog ground. The result of convert
ing in this test mode is a value near positive full scale. 

3. Invert Internal Reference - Connects the negative input of 
the Sample-and-Hold to VREF and the positive input of the 
Sample-and-Hold to analog ground. The result of convert
ing in this test mode is a value near negative full scale. 

4. Common Mode - Both the positive and negative inputs of 
the Sample-and-Hold are tied to the internal VREF. The 
result of a conversion in this test mode indicates how well 
the converter is rejecting a common mode signal. 

Since setting the SLFTST bit merely changes the input to the 
Sample-and-Hold, conversions must be executed in order to 
read the results. This means placing the chip in the RUN 
mode and reading the results from the Data RAM. It is possi
ble to run one sequence then halt the sequencer and read 
the results. The sequencer can be put in a "pause" via the 
Intra Sequence PauseMode instruction. The following 
instructions accomplish this: 

CHAN CYCLE GAIN REF 

SYSTEM OFFSET 13 0 

INT REF 13 0 

MINUS INT REF 13 0 

COMMON MODE 13 0 

Reading and Writing to the Calibration Register 
The ML2200 and ML2208 architecture provides a way for the 
microprocessor to indirectly read and write to the AI D con
verter; specifically the Calibration register and the AI D's Data 
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register. Figure 18 illustrates this architecture. 

The instrudions that cause these transfers are READ CAL 
CODE and WRITE CAL CODE; selected in the Cycle field of 
the instruction word when SLFTsT = o. WRIIE CAL CODE ' 
transfers the contents oJ the Calibration Holding register'into 
the AI D converter's Calibration register. READ CAL'CODE 
transfers the contents of the Calibration Holding register 
through the AI D's Data register, into the Data Output register 
with the same location as ihe'operation. " 

SECONDARY REGISTERS 
, 0-7 

15 
WRITE 
ONLY I CALIBRATION HOLDING REGISTER 

READ 
ONLY 

15 " 

DATA OUTPUT REGISTERS 

'1 

2 

3 

4 

5 

6 
7, 

0 

0 

As a result of providing READ and WRITE CAL; it is possible 
to execute digitalloopbacks through the Calibration register, 
AI D registers, and all 8 Data Output registers. TheselCiop- " 
backs provides user assurance that all of the paths are clear 
and there are no stuck bits. 

Writing to the Calibration regi~ter changes the calibration of 
the AI D convert~r. Therefore a self calibration'sho.uld be ' 
performed after executing a WRITE CAL CODE to enSl!re the 
AID is properly calibrated. 

16 15 0 

CALIBRATION REGISTER I 

16 15 1 ,0 

DATA REGISTER I 

AID CONVERTER 

Figure 18. Digital Loopback Architecture 

DIGITAL LOOPBACK ARCHITECTURE 

Reading the calibration register provides away for the 
microprocessor to determine that the self calibration was 
successful. The microprocessor configures the DAP to'exe
cute a READ CAL CODE after a self calibration has been 
performed. If the lower byte of data from the READ CAL 
CODE is anything other than ali1s, then the calibration was 
successful. 

2-28 

Even though the calibration register itself is a 16-bit register, 
and is capable of holding a 16-bit result, only the lower 9 bits 
are significant in determining th~ calibration code. These 9 
bits have a sigri magnitude format; in other words the 9th bit 
(MSB of the 9-bit word) is the sIgn bit, and the other eight bits 
are magnitude bits: An easy way todetermirie whether the 
calibration has passed or failed is to read the lower data byte 
after a READ CAL is executed. If it's not all1sthen the calibra
tion was a success. 

" ' 
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APPLICATIONS 

Utilizing instruction RAM bits 0, 1, and 2, any of the differen
tial input channels of the ML2200 can be programmed to 
sense the external reference (See Figure 13.) Only single 
ended channels 0 thru 5 can be used on the ML2208 
(See Figure 14.) 

ML2200 tj"CC 

"REF +CHO 

-CHO 

AGNO 

ML22118 tj"CC 

"REF CHO 

COM 
AGNO 

Figure 19. Using a 2.5 V External Reference 

The system gain errors can be nulled by applying 2.4991 V 
(the full-scale voltage minus 1.5 LSB) to one of the input chan
nels and adjusting Rl until the digital output toggles between 
0111111111110 and 0 111111111111. If offset is not adjusted the 
full-scale voltage will be shifted by the amount of this 
unadjusted offset voltage. 

ML2200 

>-...... ---1 +CHO 

-CHO 

o-4---------4-iAGNO 

ML2208 

>-_---ICHO 

COM 
0-+--------4-1 AGNO 

Figure 20. Adjusting Full-Scale Error 
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APPLICATIONS (Continued) 

INPUTS 
REFERENCED 

TOAGND 

M12200 

-----I+CHO 

-CHO 

---+--1 +CHI 
-CHI 

---+-I+CH2 

-CH2 

-,---+-1 +CH3 

.--------t--I-CH3 

L----,----;AGND 

INPUTS 
REFERENCED 

TOAGND 

M12208 

--'------I CHO 

----ICHI. 

-----'----I CH2 

-----ICH3 

------1CH4 

-----ICH5 

-----ICH6 

-----ICH7 

,------H COM 

'--------1 AGND 

Figure 21. Adjusting Zero Error 

An op amp with an offset adjustment with a range of at least 
:±:1.3mVis required, like an OP-27. The Zero Error can be 
nulled by first applying 30SjlV to one ofthe input channels 
<referenced to AGND.) 30SjlV is equivalent to 112 LSB which 
is the ideal input voltage which should cause the digital 
output to toggle from 0 0000 0000 0000 to 0 0000 0000 0001. 
Adjust R3 until this occurs. 

If an external reference is also being used, it should be refer
enced to AGND, while the COM or negative inputs are tied 
to the offset op amp as shown above. In this configuration, 
the offset adjustment will effect the gain setting and so should 
be set first. . 

The Channel to Channel Zero Error and Full-Scale Error are 
very low and do not need to be adjusted seperately. If, how
ever, the input signal sources have their own different offsets, 
a separate op amp, with an offset adjustment; can be placed 
at each channel input. 
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APPLICATIONS (Continued) 

6800 

VMA 

AO-A7 1---1-''-----..---./ 
+5V 

A8-A15 

RfW 1----,---------11"\>-------1-1 

DO-D7 I-----------T=----------____l~ 

+5 

3k 
(unused) 

IRQ~--------~----------------------------~ 

RESET~----..-------------------l~ 

c::::J 7MHz 

T 

ML2200 
+5V 

CS PDN 
AVec 

ALE DVcc 

AO-A2 

Vss 

iID VTEMP 

WR VREF 

D()-D7 CHO+ 

DBR CHO-

CH1+ 

INT CH1-
RESET 

tel" 
CH2+ 

CH2-

CLK CH3+ 

CHh 

SYNC 

DGND AGND 

Figure 22. Interfacing M12200 to 6800 Type Microprocessors 

Rl 

VREF -_--<~ 
(From ML220B 

or ML2200) 1;tF 

AGND~ 

0-15 PSID 

PI SENSYM SCX15DNC 
R3 l00kQ 
Rl, RO 10kQ 
RS 1.25kQ 
RG 50012 

Output voltage 0-2.5Vwhen 11=AGND 
± 2.5V when 11 = -5V 

r------, 
I I 
I I 

__ -,-I ~+ ~-fl---, 
, I 
I I 
I P1 I L ______ .J 

-=- AGND 

Figure 23. Pressure Sensor Application 

'Micro Linear 

FULL SCALE 
ADIUST 

+5V 

4 DIFFERENTIAL 
ANAlOG INPUT 
CHANNELS 
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ORDERING INFORMATION 

PART NUMBER 

Four Differential Analog Inputs 

ML2200BC] 
ML2200CC] 
Ml2200DC] 

Eight Single Ended Analog Inputs 

Ml2208BC] 
Ml2208CC] 
Ml2208DC] 

2·32 

LlNEARllY 
ERROR 

±3A lSB 
±1 LSB 
±1 lSB 

±3/4 LSB 
±1 LSB 
±1 lSB 

MINIMUM 
CONVERSION 

31.5ps 
31.5ps 
44.0ps 

31.5ps 
31.5J.1s 
44.0ps 

'Micro Lin~ar 

PACKAGE 

Hermetic DIP (140) 

Hermetic DIP (140) 

TEMPERATURE 
RANGE 

O°C to +70°C 

O°C to +70°C 
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PRELIMINARY 

ML2221 

Serial Peripheral Interface (SPI) 
12-Bit Plus Sign AID Converter with S/H 

GENERAL DESCRIPTION 
The ML2221 is a member of Micro Linear's 12-bit plus 
sign CMOS AID converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to
digital converter's accuracy specification. 

These AID converters have a maximum nonlinearity 
error over temperature of ±O.009% or ±O.012% of 
minus full scale to plus full scale. 

The serial interface is compatible with industry 
standard serial interfaces. The ML2221 has 4 modes of 
operation: gated serial data clock, gated chip select, 
chip select to initiate conversion with serial out data 
controlled by ML2221, and free run mode. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 

BLOCK DIAGRAM 

VREF Vss CCLK'" CCLK Vee 

r r 

VIN+ 

SElF·CALIBRATlNG 
12-BIT + SIGN AID 

AND 
SAMPLE AND HOLD FUNCTION 

VIN-

1 1 
AGND RESET DGND 

FEATURES 
• Nonlinearity error H~ LSB and ±1 LSB max 
• Conversion time 

(including S/Hacquisition) 
• Harmonic distortion 
• No missing codes 
• Inputs withstand 17V1 beyond supplies 
• Bipolar -5V to +5V analog input range 
• Controlled or free run operation 
• Direct 4-wire interface to pP (MPU) with 

synchronous serial formats 

44psmax 
0.01% 

• O°C to +70°C, -40°C to +8."j°C temperature range 
• 16-pin DIP 

PIN CONNECTION 

16-PU'j DIP 

Vee 
SCLKIN/OUT CClK 

SCLK 

BUSY 

cs 
MSB 

DO 

"ss 

SCLK,N/OUT· 5 .. 

""'--_---r" 
TOP VIEW 

CClK'" 

RESET 

MSB 

cs 
BUSY 
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PH~I DESCRIPTION 
PIN' :; 
NO;""'''' NAME "FUNCTION' 

1"" VIN+ Positi"e Diff~rential Analog ·.Input; 
.~, 

range = Vss$ VIN+ :::; Vee 
I(VIN+) ~ MN-)I :::; VREF· . 

2 VIN":' Negative'Differential Anal6g Input; 
range = Vss :::; VIN- :::; Vee 
I(VIN+) -(VIN-)I :::; VREF' 

3 VREF Voltage Reference Input; 
referenced to analog groul]d., 

4 Vss Negative Supply-SV ±.S%; 
decouple to AGND. 

5 SClKIN/OUT SClK mode select 
SClKIN/OUT - SV;SClK is an input 
serial ClK. 
SClKIN/OUT = OV; SClKis an 
output s.erial ClK. 

6 DGND Digital Ground. 

7 SClK Bi-Directional Serial Data Clock. 
Serial data is transmitted by'the 
clock present at SClK. 

8 DO Data Out. Digital output .which 
contains result of AID conversion. 
The serial data is clocked out on 
falling edges of SClK. 

9 BUSY Three-state active high BUSY 
status output. Normally low. Goes 
high to indicate that a conversion"" 
is inprogress; de-asserted when 
conversion is complete and data is 
available from the conversion just 
completed. A pulldown resistor is 
recommended on this pin. 

10 CS Actiye low Chip Select, starts a 
conversion and brings the BUSY 
and DO out of the three-state 
mode. CS is used. in modes where 

. conversion ·or transmission timing 
is controlled; held low in gated 
SClK and FREERUN modes. 

ABSOLUTE ··MAXIMUMRATINGS 
(Note 1) 

Supply Voltage (Vecl .................... :............... 6.0V 
Negative Supply Voltage (Vss) ......................... -6.0V 
Voltage at Analog 

Inputs ................... : ........... Vss - 7V to Vcc + 7V 
Voltage at VREF ........................ Vss - 7V to Vcc + 7V. 
Input Current per Digital Pin ........................ ±10mA 
Input Current at Analog Inputs ...................... ±20mA 
Storage Temperature Range •................ -65°C to +150°C 
Package Dissipation at 25°C (Board Mount) .... ... . . .. 875mW 
lead Temperature (soldering 10 seconds) 

Dual-In-line Package (Molded) ...................... 260°C 
Dual-In,line Package (Ceramic) ......... . . . . . . . . . . .. 300°C 

" .~.' 

PIN 
NO. NAME FUNCTION 

11 MSB Most Significant Bit is transmitted 
first if MSB is tied to Vee; least 
Significant Bit transmitted first if 
MSB is tied toDGND. 

12 RESET Active low Reset. The RESET 
period is set by the time constant 
of the. internal' SOK pull up resistor 
and. an external capacitor. After 
the. RESET pe~iod the converter 
will be ready for accepting 
requests or will automatically start 
conversions/transmissions based 
upon the mode. 

13 CClK+ Sets CClK equal to internal clock 
if tied to sv. If tied to OV the 
internal clock equals CClK/2. 

With CClK equal to the internal· 
ClK the user can synchronize to ' 
all internal timing events, although 
CClK duty cycle must be 
controlled to meet the minimum 
clock high and low times specified. 

14 CClK Clock Input; Internal clock can be 
generated by tying a crystal from. 
this pin to DGND or applying a 
clock directly to the pin. 

15 Vee Positive Supply. +SV ± 5% 
decouple to AGND. 

. . 
16 AGND Analog Ground 0 Volts. Common 

mode reference point of the 
internal differential circuitry. 

OPERATING CONDITIONS 
(Note 2) 

Temperature Range ..................... ", T MIN :5 T A :5 T MAX 
Ml2221Blj, M12221Clj ..................... -4Q°C to +85°C 

. Ml2221BCP, M12221CCP .............. , ...... O°C to +70°C 
Supply Voltage (Vccl ...................... 4.5VoC to 6.0Voc 
Negative Supply Voltage (Vss) ........... -4.5Voc to -6.0Voc 
Reference Voltage (VREF) ................................. Vcc 
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ELEORICAL CHARAOERISTICS 
The following specifications apply for Vee = +5V ± 5%, Vss = -5V ± 5%, VREF = +4.75V, VIN- = AGND, 
VIN+ = -4.75V to +4.75V, T A = T MIN to T MAX unless otherwise specified. 

ML2221 BII, ML2221 CII ML2221 BCp, ML2221 CCP 

PARAMETER NOTES CONDITIONS MIN I (N::': 3) I MAX MIN I (N:: 3) I MAX 

Converter Characteristics 

Linearity Error 
ML2221BXX 4 fCClK = 0.1 to 5MHz ±'A ±'A 
Ml2221CXX ±1 ±1 

Unadjusted Zero Error 
Ml2221BXX 4 ±3A ±3/4 

Ml2221CXX ±2 ±2 

Unadjusted Positive and Negative 4 ±5 ±4 
Full-Scale Error 

Zero Error Temperature Coefficient 0.5 0.5 

Gain Temperature Coefficient 10 10 

Common Mode Rejection 5,6 80 80 

Analog Input Source Resistance 4 2 "2 

Analog Input Range 4 VIN+ Referred to VIN- -VREF +VREF -VREF +VREF 

Analog Input leakage Current 4 100 100 

Voltage Reference Input Source 4 0.5 0.5 
Impedance 

Reference Input Leakage Current 4 100 100 

Digital and DC Characteristics 

Power Supply Current 
Icc, Vcc 4 30 50 30 50 
Iss, Vss 18 30 18 30 

Power Supply Rejection 7 

Vcc DC 80 80 
DC to 25kHz 50 50 

Vss DC 80 80 
DC to 25kHz 50 50 

VllClIv Clock Input low Voltage 4 0.8 0.8 

VIHCllV Clock Input High Voltage 4 3.5 Vcc 3.5 Vcc 

lu, Input leakage Current (CClK) 4 AGND :5 VIN :5 Vcc ±200 ±200 

Vlu Input low Voltage 4 0.8 0.8 

VIH, Input High Voltage 4 2.0 Vcc 2.0 Vcc 

YOu Output low Voltage 4 10l = 2.0mA 0.45 0.45 

VOH, Output High Voltage 4 IOH = -400pA 2.4 2.4 

lu Input leakage Current 4 DGND:5 VIN :5 Vcc ±10 ±10 
(except CClK) 

IHI-z, Output leakage Current 4 CS ~ VIH ±10 ±10 

CI, Input Capacitance 5 10 10 
(all digital inputs) 

Co, Output Capacitance 5 10 10 
(all digital outputs) 

'Micro Linear 

UNITS 
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LSB 
lSB 

LSB 

ppmFS/ 
°C 

ppmFS/ 
°C 

dB 

kn 

V 

nA 

kn 

nA 

mA 
mA 

dB 
dB 
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pA 
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V 

V 

pA 
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pF 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBQL PARAMETER 

. IV:. ElectriCal CharacteriSikls (Note 8) 

tc Conversion Time 4,9 fCCLK = 5MHz (CCLK";- = "0") 44 ps 

Sample and Hold Acquisition 4,9 fCCLK = 5MHz (CCLK";- ="0") 3.2 I1S 

fCCLKO Clock Frequency 5,9 Crystal (CCLK";- = "0") 3 5 MHz 

Driven (C;::CLK+ = "0") 0.1 5 MHz 

fCCLK Clock Duty Cycle 5,9 Driven 40 60 % 

fCClKO Clock Width 5,9 Driven (CCLK";- = "0") I High 50 ns 

I Low 50 ns 

fCCLK1 Clock Frequency 5,9 Driven (CCLK";- = "1") 0.05 25, MHz 

fCCLK1 Clock Width 5 Driven (CCLK";- = "1") I High 150 ns 

I Low 150 ns 

tcss CS Low to BUSY Driven 4 85 ns 

tcssHZ CS High to BUSY, Hi.-Z 4 85 ns 

tSCLKsA . SClK High to BUSY 5 Gated SCLK 270 ns 

tccLKBD CClK low to BUSY, Deassert 5 160, .ns 

tSCLK, DO Serial Clock low to DO Valid/Hold 4 190 ns 

tcs, DO CS low to DO Driven 4 85 ns 

tcs, DOHZ CS High to 00 Hi-Z 4 85 ns 

tcs, CCLK CS Low Setup Time to CClK 4 Immediate Conversion Start 0 ns 

tcs, SCLK CS low Setup to SClK low for 5 75 ns 
No-Delay Data Transmit 

tCCLK, SCLK CClK to SClK Output Delay 5 SClKIN/OUT = "0" 225 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect tIl' ground. 

Note 2: 

Note 3: 
Note 4: 
Note.S: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 

2-36 

O·C to +70·C and -40·C to +8S·C operating teniperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation wiih worst-case test conditions. 
Typicals are parametric norm at 2S·C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Common mode rejection is the ratio of the change in zero error to the change in common mode input voltage. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from 0.8V to 2.0'/, Cl = SOpE 
Maximum frequency is 1/tClK1 (high) + tClK1 (low) + rise + fall. times, which must be :5 2.S MHz. 
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vee 
DATA OUTPUT 

OUTPUT:Ff ENABLE 

ClT 10k..,. 

OUTPUT 

Vee 

OUTPUT 
Vee 

~ ENABLE 

DATA 

~ 
OUTPUT 

ClT Vee 
OUTPUT 50% 

VOl 

Figure 1. High Impedance Test Circuits and Waveforms 

CCLK(CCLK+ = "0") \J\J\J\J\.N 
CCLK(CCLK+="l")~ 
INTERNAL CLK 1 2 3 

tes, CClK 

SCLK 

DO 

CCLK(CCLK+ = "0") 

CCLK(CCLK+ = "I") 
INTERNAL CLK 

'---~I----'/ 
FIRST DATA BIT 

~ ________________ ~,~ ____ ~r---

'DATA WILL BE MSB OR ISB FIRST DEPENDING ON "MSB" LOGIC STATE 

Figure 2. CS, SCLK Sourced Mode 

N 
I' 

~ 124 INTERNAL CLKS ----~r----------+-----\l=t 

!sell, DO 

PREVIOUS' FIRST DATA BIT PREVIOUS' LAST DATA BIT 

'DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE 

Figure 3. CS, SCLK External Mode 
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CCLK(CCLK+ - "0") \Af\J\J 

CCLK(CCLK+ - "1") /\1 1\ 2 
INTERNAL CLK ./ 1 V 2 '\ 

SCLK J;J 
DO ______ ~H.;--------A....PREVIOUS • FIRST DATA BIT 

CCLK(CCLK+ • "0") 

CCLK(CCLK+ • "1") 
INTERNAL CLK 

BUSY 

'DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE. 
SCLktNIOUT • "0", CS • "0", BUSY R~MAINS "1" 

Figure 4. FREERUN Mode 

SCLK _____________ ;----.J 

/VVVV 

\ ~~ 
PREVIOUS • SECOND PREVIOUS' 16TH 

DATA BIT DATA BIT 

., 00 , ________ -I.C..l.._· -11-' _.F_IR_S_T_D_A_I_A_B_IT_-+f1"-_____ ..J 

SCLKINIOUT • I, CS = 0 -- !sCLK,OO 

.~ WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC SWE 

Figure 5. Gated SCLK Mode 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC AID CONVERTER 

Micro linear's algori~hmic converter uses a successive 
approx~mat~on technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition 
the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming is used. An algorithmic converter uses less 
circuitry and is more easily trimmed. Micro linear's 
algor~t~mic converter is implemented using a 2x 
amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 6. 

The input sample is first multiplied by two then 
compared to the reference voltage. If the 2x input 
voltage is greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 
referen~e, the MSB is a 0 and the 2x input voltage is 
sto~ed In the sample and hold. This process repeats 
again, however now the sample and hold voltage is 
multiplied by 2. . 

The algo~ithm invol~es multiplication by 2, comparison, 
and ~osslbly subtra~tio~. Referring to Figure 6, the 
algOrithm for the CirCUIt can be described as follows: 

Step 1 If (2 x VIN) - VREF 2: 0 

Step 2 

Step 3 

then MSB = 1 
(2 x VIN) - VREF-S/H 

else MSB = 0 
(2 x VIN)-S/H 

If (2 x S/H) - VREF 2: 0 
then next bit = 1 

(2 x S/H) - VREF-S/H 
else next bit = 0 

(2 x S/H)-S/H 

Repeat Step 2 until conversion complete. 

ML2221 

Since. the A/D converter handles bipolar inputs, . 
negative inputs are handled slightly differently using the 
same principle. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in 
an algorithmic converter, two critical parameters need 
to be controlled, loop offsets and the gain of the loop. 
Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampling amplifier and the 2x amplifier. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the 
offsets haye been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (VREFIVREF) and 
examining the output code. Converting VREF should 
yield plus full scale, since VREFIVREF should equal 1. If 
the gain of the loop is slightly less than 2, the resulting E 
LSB of the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "ls'; the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
t~e 2C input capacitors. A small value of capacitance is 
elth.er added to or subtracted from the 2C input caps 
until the gain of the loop is within H-bit accuracy. 

Self calibration is done at the factory. The calibration 
process is not available at the finished product level. 

Figure 6. Self Calibrating AI 0 Converter 
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1.1.2 Conversion TImes 

The following table lists the conversion times which 
include the sample and hold acquisition time. 

OPERATION MODE INTERNAL CLOCKS' 

CS, SCLK External ,124, 

CS, SCLK Sourced 124 

FREERUN 110 ' 

Gated SCLK 124' 

1.1.3 Samp~ and Hold TIming 

Figure 7 shows the inte~nal timing for the sample and 
hold circuitry. The reliltionship betwe,en the start of 
conversion and the input channel going .into sample 
mode is fixed at 6 internal clocks', regardless of the 
start mode. Six internal clocks after the start of 
conversion the, sample and hold is switched into the 
sampl,e mode, placing two 9pF capacitors in parallel 
with the input pins; one on VIN+ and one on VIN-. The 
sample switch is kept in the sample mode for 8 internal 
clocks (3.2IJs at a 5MHz externa,l.clock, ifCLK+ = 0), 
then placed in the hold mode. During the next 2 
internal. clocks the charge on the sample and' hold is 
transferred into the AID; after which the VREF pin is 
sampled for 8 internal clocks. 

1.2 ANALOG INPUTS 

1.2.1 Differential, Inputs ahd Common Mode Rejection 

The differential inputs of the ML2221 eliminate the 
effects of common mode input noise (60Hz f9t 
example), as VIN+ ,and VIN- are sampled at the same 
time . 

• For a description of internal clocks see Clock section. 

EXTERNAl CLOCK 
CCLK""· "0" 

11 12 113 

1.2.2 Noise 

The leads to the analog inputs should be ~ept as short 
as possible to minimize input noise. Noise as well as 
digital clocks can couple into the inputs and caose ' 
errors. Input filters, can be used to reduce the effects of 
these sou rces; 

1.2.3 PoWer Supply Decoupling <-

Low inductance tantalum capilcitors of 1pF or greater 
and O.01pF disc ceramic capacitors are recommended 
for bypassing Vcc as well as Vssto AGND. These 
capaCitors should be placed close to ,the VcC.and Vss 
pins. ' 

1.3 CONVERTER CLOCK 

The CCLK input can be ddven with' an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loadil)g. (I.e., 
no bypass caps should be used and leads should be 
kept short) , 

If driven with external clock and if the CCLK+ pin is' 
tied to Vee, the frequency must be between 50KHz to 
2.5MHz with the requirement that clock LOW (tCClKl) 
and clock HIGH (tCClKH) durations must be more than 
150ns. If the CCLK+ pin is tied to ground then the 
frequency can be from 100KHz to 5.0MHz. 

For crystal operation with the divide by'two flip flop 
bypassed,and there is a 30 to 70% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.0MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 

26 INTERNAL CLOCK 
OR EXTERNAL CLOCK 

CCLK"" .' "1" 
I 
I 

1 
1 ,,1. 

1 1 
1 'I 

t ~SAMPLING INPUT-+I I--SAMPLING REFERENCE----I 
START OF CONVE RSION 

, , 

Figure 7. Sample and Hold TIming 
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1.4 RESET 

The RESET pin has an internal lOOK pullup resistor. 
Power supplies must be stable to within a ±5% 
tolerance before the reset condition is removed. 

The active low hardware reset can be performed by a 
capacitor value (usually >6pF) tied to the RESET pin or 
by driving it with the system reset signal. 

1.5 DIGITAL INTERFACE 

All four synchronous interface modes of operation are 
determined by CS during reset period as follows: 

SCLK 
Logic Level of Mode Select 

CS During Reset (SCLKIN/OUT) Serial InterfacJe Mode 

0 0 FREERUN 

0 1 Gated SCLK 

1 0 CS, SClK Sourced 

1 1 CS, SClK External 

After the reset time, the SClKIN/OUT pin can be 
changed tQ2witch between eithe!JfREERUN and Gated 
SClK) or (CS, SClK Sourced and CS, SClK External). 

The logic level of CS will not change the mode of 
operation of the Ml2221 once the mode of operation is 
programmed during the RESET period. 

a. Serial Transmission < Conversion Time 

ML2221 

1.5.1 CS, SClK External Mode 

CS starts a conversion. The SClK is continuously driven 
into the Ml2221 and data from the previous conversion 
is shifted out at the SCLK rate start!.iJg at the first SCLK 
falling edge from the CS assertion. CS is normally kept 
low for all 16 bits of data, but can be brought back 
high after the desired number of bits have been shifted 
out. CS should be held low for a minimum of 124 
internal clocks (see Figure 8) for the conversion 
to complete. 

It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. At a 5.0MHz clock and CCLK+ = Ov, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. 

When CS is asserted (LOW) a conversion begins and 
the DO output becomes active. The ML2221 is ready to 
shift out the data serially. 

The BUSY output is in the high im~dance state when 
the ML2221 is not selected. When CS input goes low, 
the BUSY output is driven high or low depending on if 
a conversion is in progress. Once a conversion begins, 
BUSY is held active for 123 internal converter clocks. 

The DO output is high impedance when the ML2221 is 
not selected. When CS input goes low, it is driven with 
the first bit of data initially, and then begins to put out 
all subsequent data bits on each FALLING edges of the 
serial clock (SCLK). Data is always output in 16 bit 
format: if the LSB is output first, the data is sign 
extended after 13 bits; if .the MSB is output first, the 
data is zero-filled after 13 bits. DO remains driven as 
long as CS remains low. 

cs --t:=CONVERSION TlME-k--____ \ _________ --IIr-----,.\\.. _________ _ 

I CONVERSION 1 I I CONVERSION 2 I I CONVERSION 3 I 

BUSY ~ \ I \ I \'-__ _ 

SCLK 11111111111111111111111111111111111111111111111111111111111111111111111 

DO - - - J1fUlJ1JlJlJ1JL --- - -J1fUlJ1JlJlJ1JL -- ---J1Jl.Jlf1mlJl.f 
XMIT PREVIOUS DATA I XMIT~1 XMIT DATA 2 

NffiE: CONVERSION TIME EQUALS 124 INTERNAL CLOCK OR CCLK'S IF CCLK+ • "1" 

Notes: 
1. U~.JOk pulldown resistor on BUSY pin to get "true" convert busy. . . 
2. If CS is brought high in the middle of a serial data transmission, the data transmission is aborted and the data. is reloaded into the output shifter. 

Figure 8. CS, SClK External Mode 
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1.5.2 CS, SCLK Sourced Mode 

Conversion is initiated by CS. In this mode, SCLK is 
sourced by the ML2221. At the end of the,conversion, 
the device will provide a packefof.16 SClKs to transmit 
the 16 bits data stream (see Figure 9). The data rate at 
which the data is being transmitted is (internal clock)/4. 
FOr example, when CCLK+ .. 1, CClK .. 256kHz, the' 
data rate:is 64Kbps. 

CS should be held low during the entire conversion 
and the transmission sequence. The time required to 
convert an analog signal is 110clocksi,withadditional 

b. serial Transmission > Conversion Time 

--t='" 124 INTERNAL =;:=i. 
cs lOll 

13 clocks to shift out the data. The total conversion 
time is therefore 123 clocks plus one bit delay. Data 
transmission will need 64 (16,bit x 4) intenial clocks. 
Hence, the fotal clock cycles to «omp-Iete one ' '. 
operation in this mode is 188 clocks. CS therefore 
should. beheld low for a minimum' of 188, clocks,. 

Example: If CCLK = 5 Mhz, CCLK+ =0, the maximum , 
conversion tim~will be 75.2ps. Therefore, the maximum 
frequency for CS is 13.3kHz. 

In this mode, the data transmitted is always the 
current data .. 

I/Idj \ O/TII \,-__ 

I, 
CONvERSION 1 CONVERSION 2 CONVERSION 3 

Notes: 

BUSY 

SCLK 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

DO - -,JlMMflJ1J1- - - - - - - ,JlMMflJ1J1- - - - - - --~ - ~ - - - - ,nnnrumn 
XMIT 
PREVIOUS 
DATA 1 XMIT Il'.TA .1,1 1 XMIT Il'.lA 21 1 XMIT Il'.TA 3 1 

1. U~JOK pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 
2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the. data is reloaded into the output 

shifter. .• . 

Figure 8. CS, SCLK External Mode 

~---.t~_-_-~_-_-__ >'_'8_8~~===:~~ ____________ ~/~ ______ __ 
CONV '110 CD 1 '13 I '64 

BUSY~ 

SCLK '1111111111111111 1111111111111111 

DO Y//////J/!I/ !/III/A. --Il'.-;;;'-;;;';;~~- _ --;;-;I;;-;:;;;;-~;-
JUNK DOl D02 

XMIT DATA 1 . XMIT DATA 2 

'NUMBER OF INTERNAL CONVERTER CLOCKS OR C CLKS WITH C CLK-<- - "1" 

Notes: 
1. Use 10K pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. '. 
2. If CS is brought HIGH in the' middle of a serial data transmission, the data transmission is abQrted and the data is reloaded into the output 

shifter. 

Figure 9. 'CS, SCLK Sourced.Mode 
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1.5.3 FREERUN Mode 

The FREERUN mode executes continuous back-to-back 
conversions at the rate of 110 internal converter clocks 
per conversion, and outputs 16 bits of data and 16 
corresponding SCLKS at the rate of 4 internal converter 
clocks per bit (see Figure 10). The ML2221 immediately 
begins converting after reset and starts outputting data 
after the first conversion. A conversion rate of 44 
microseconds can be achieved by using the maximum 
CCLK frequency. 

In the FREERUN mode, SCLK can not be sourced 
externally. The SCLK provided internally by the device 
is equal to (internal clock)/4. Since the converter is 
performing continuous conversion, BUSY is therefore 
always asserted. 

1.5.4 Gated SCLK Mode 

In this mode of operation, an external SCLK source 
must be used. This external SCLK should be a 16 clock 

RESET ~ 
*110 

CONVERSION 
CD ® 

BUSY ~ 
~ 

*13 

SCLK(OU1) 1111111111111111 

DO 

ML2221 

packet which will be used by the converter to send out 
the data and initiate the conversion simultaneously (see 
Figure 11). 

The data transmitted by ML2221 is the data from the 
previous conversion (see Figure 11). Therefore, in order 
to ensure integrity of the first data byte, the first SCLK 
signal should be initiated after a minimum of 124 
internal clocks after reset. After the reception of the 
first SCLK signal, the converter will start the conversion 
process which is 124 clock as mentioned. Therefore the 
minimum time required between initiation of 
conversion by the SClK should be no less than 124 
clocks. In the case of maximum CClK at 5MHz, the 
miniumum time interval between two packets of SClK 
should be 49.6ps. 

The BUSY output never floats and is asserted at the first 
SCLK and deasserted after 123 internal converter clocks. 
DO is always driven. 

® 0 ® ® 

1111111111111111 1111111111111111 1111111111111111 1111111111111111 

'NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK+ - "1" 

Note: DO is always driven. 

Figure 10. FREERUN Mode 

a. Serial Data Transmission < Conversion Time 

RESEl / 
----' '110 *13 *110 '13 

CONVERSION I I 

BUSY LJ L 
1 2 15 16 1 2 15 16 

SCLK ____ ---Jru1I1Jl~JU1Jl1L_ 

DO !l///////l//J/ //II ///////1 
DO 0102 015 DO 0102 015 --rmmrVZZJ --- flJlJ1J~Vlrr7m.....-rl,/ 0'77"'"7/ 

Il<\TACD 
'NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK+ - "" 

Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 
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1.6 DATA FORMAT 

The MSB pin determines if th~ MSB or lSB data is 
transmitted first and in the following format. If more 
than 13 SClK's occur. 

FIRST lAST 

MSB = l' 1 S 111110191817161514131211 101 I, 1 1 
ZERO FILL 

FIRST LAST 
MSB = 0 1 0 11 12131415161718191101111 s·1 sis 1 S 1 

b. Serial Data Transmi!fiion > Conversion Time 

RESET / 
-~/ CD 

CONVERSION 1--__ -""1 '-----1----1 

SIGN· 
EXTEND 

BUSY U 
1 2 

SCLK nJlJL 
DO 1//111////1 !III! II !//JI1. DO Fer 

13 14 ,1S 16 

012 013. 014 015 DO 01 ui 03 04 

L-________ ~ __ -" ,-I _________ --' 

XMIT I}o\Jj\ CD XMIT !MTA ® 

Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SClK Mode 
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APPLICATIONS 

START MNEMONIC INSTRUCTION 

START BClRn Bit 0 Port C goes low (CS goes low) 

LOA load contents of SPI data register into 
Ace. (DouT MSBs) 

cs-':'- co STA Start next SPI cycle 
SCLK -- SCK 

AND Clear 3 MSBs of first DOUT word 

STA Store in memory location A (MSBs) 
ML2221 68HC05C4 TST Test status of SPIF 

5V 

MSB ~ 
BPl loop to previous instruction if not 

done with transfer 
-

DO ------. MISO BSETn Set BO of Port C (CS goes high) 

LOA load contents of SPI data register into 
Ace. (DOUT LSBs) 

STA Store in memory location A + 1 (lSBs) 

cs~ / 
\~. ------------------------~ 

SCLK 

DO __ _ 

WORD 
RECEIVED 

RAM 
STORE 

BYfE 1 
TRANSFER 

LOCATION A 

I~ 
BYfE 2 

TRANSFER 

LOCATION A + 1 

Figure 12. Interfacing to 68HC05C4 with a Dedicated Serial Port 

-5V TO +5V INPUT 
REFERENCED 0--------1 V,N+ 

TO AGND V'N-

ML2221 

AGND 

CCLK +5V 

ML2221 
SCLKoN/OUT 

MODE 0 

8051 

lXD/P3.2 

Figure 13. Adjusting Zero Error. Figure 14. 1 Mbps 8051 Interface 
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; c'· 

-SV 10 +SV 
ANALOG 

INPUT 

2.2K 

1/2 
DS8830 

8088 

ADDRESS 

Figure 15. Optical Isolated 8088 Interface 

ORDERING INFORMATION 

LINEARITY TOTAL TEMPERATURE 
PART NUMBER ERROR UNADJUSTED ERROR RANGE 

ML2221BCP ±3,4 LSB ±1V2 O°C to +70°C 
ML2221BIJ -40°C to +85°C 
ML2221CCP ±1 LSB ±2Y:z O°C to +70°C 
ML2221CIj -40°C to +85°C 

". 

DECODER 

,", PACKAGE 
, 

MOLDED DIP (P16) 
HERMETIC DIP (J16) 
MOLDED DIP {P16) 
HERMETIC DIP (J16) 



G.J>Micro Linear 
December 1989 

PRELIMINARY 

ML2222 

Serial, COOEC/OSP Interface 
12-Bit Plus Sign NO Converter with S/H 

GENERAL DESCRIPTION 

The ML2222 is a mem~er of Micro L,inear's 12-bit plus 
sign CMOS ND converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

These ND converters have a maximum nonlinearity 
error over temperature of ±0.012% or ±0.024% of full 
scale. ' 

The CODEC serial interface is compatible with the 
communication industry standard protocol of PCM 
(Pulse Code Modulation). The ML2222 upon receiving 
the transmit frame synchronization pulse (FSX), shifts 16 
bits of data. 

The transmit clockmay vary from 64 KHz to 2.048 MHz. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 

BLOCK DIAGRAM 

BYPASS CClK vee vee 

r r 

FEATURES 

• Standard communication industry protocol for 
timing and frame sync 

• Transmit clock from 64 KHz to 2.048 MHz 

• Nonlinearity error ±1/2 LSB and ±1 LSB max 

• Conversion time 
(including S/H acquisition) 31.5fJs max 

• Harmonic distortion 0.01% 

• No missing codes 

• Self calibrating - maintains accuracy over time 
and temperature 

• Inputswithstand 17VI beyond supplies 

• Bipolar -2.5V to .+2.5V analog input range 

• O°C to +70°C, -400( to +85°C temperature range 

• 16-pin DIP 

PIN CONNECTION 

16-Pin DIP 

.----0 BCKl 

AGND 

SELF-CALIBRATING 
12·BiT + SIGN AID 

AND 
SAMPLE AND HOLD FUNCTION 

1----oTSX 
1---oFSX 

.---OMSB 

DX 

DGND 

'Micro Line .. , 
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May 1992 

PRELIMINARY 
. - . 

Ml2223 

Asynchronous Serial Interface 
12-Bit Plus Sign AID Converter with S/H 

GENERAL DESCRIPTION 
The Ml2223 is a member of Micro linear's 12-bit plus 
sign CMOS ND converter family utilizing a self 
calibrating algorithrriic SAR technique. All errors of the 
sar;nple-and-hold are accounted for in the analog-to
digital converter's accuracy specification. 

These AID converters have a maximum nonlinearity 
error over temperature of ±0.009% or ±0.012% of full 
scale. 

For easy interface to microprocessors, the Ml2223 is 
designed to transmit data into RS-232 type ports. 

The Ml2223 operates in an asynchronous mode of 
operation. In this mode, the AID continuously 
transmits 2 bytes in a 24.bit stream, inserting 8 idle bits 
between transmissions. Whel'1 CURR input pin is ti.ed 
high, transmission of the previous data begins 
immediately upon receiving a conversion start request. 
When CURR is low, transmission is started after a new 
conversion is completed. 

The serial data clock can be generated by the Ml2223 
or ;:t can be provided by an external source. 

The serial interface provides lSB first data with 2's 
complement output coding. 

BLOCK DIAGRAM 

VREF Vss 

I 

SElF-CALIBRAfING 
12·BI1 + SIGN AID. 

AND 

ClKMODE 

SAMPLE AND HOLD FUNCTION 

1 

CCLK Vee 

I 

UNIVERSAl 
ASYNCHRONOUS 

TRANSMIT 
CONTROL 

AND 
TIMING 

1 
AGND DGND 

FEATURES 
• RS-232 compatible asynchronbus interface 
• One-wire data transmission 
• Continuous conversions. 
• Nonlinearity error ±3,4 LSB and ±1 lSB max 
• Conversion- time 

(including S/H acquisition) 4S.6ps max 
• Bipolar -SV to +SV analog input range with ±SV 

power supplies 
• Harmonic distortion 0.01% 
• No missing codes 
• Self calibrating - maintains accuracy over time 

and temperature 
• Inputs withstand 17V1 beyond supplies 
• QOCto +70°C, -40°C to +8SoC temperature range 
• Standard .3" 16-pin DIP 

PIN CONNECTION 
16-Pin DIP 

VIN- Vee 

INSClK V.EF CClK 

Vss 
SClK 

RESET 

BUSY CURR 

RESERVED 

CURR DOUT BUSY 

TOP VIEW 
DOUT 

'Micro Linear 
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PIN DESCRIPTION 
PIN PIN 
NO. NAME FUNalON NO. NAME FUNalON 

VIN+ Positive Differential Analog Input; 9 BUSY Three-state active high BUSY 
range = Vss ::::; VIN + ::::; Vee, status output. Normally low. Goes 
I(VIN+) - (VIN-)I ::::; VREF· high to indicate that a conversion 

2 VIN- Negative Differential Analog Input; is in progress; de-asserted when 

range = Vss ::::; VIN -::::; Veo conversion is complete and data is 

I(VIN+) - (VIN-)I ::::; VREF· available from the conversion just 
completed. A pulldown resistor is 

3 VREF Voltage Reference Input; recommended on this pin. 
referenced to analog ground. 

10 RESERVED This pin should be tied to ground. 
4 Vss Negative Supply -5V ± 5%; 

11 CURR Current or Previous Data Mode decouple to AGND. 
pin. When this pin is tied high, 

5 INSClK SClK Mode Select the data will be transmitted at the 
This pin is used to select SClK pin start of a conversion (previous 
as an input or an output. When data mode). When CURR is tied 
INSClK is high, SClK is an input. low, the data will then be 
When INSClK is low, SClK transmitted at the completion of 
becomes an output pin. SClK will the conversion. 
then provide a clock at 1/128 or 

12 RESET Active low Reset. The RESET 11256 depending on how the II ClKMODE pin is set-up. period is set by the time constant 
ofthe internal 100K pull up resistor 

6 DGND Digital Ground. and an external capacitor. After 
7 SClK Serial Data Transmit Clock. the RESET period the converter 

The serial data will always be will be ready for accepting 
transmitted at the frequency of requests or will automatically start 
the clock present at this pin. The conversions/transmissions based 
SCLK pin can be programmed as upon the mode. 
an input or an output by using 13 CClKMODE Clock mode pin. When 
the INSClK pin (pin 5). When the ClKMODE pin = 1, the internal 
SClK is used as an output pin. The converter clock =CClK. When 
data rate will be the internal ClKMODE pin is tied low, the 
converter clock divided by 128. internal converter clock = CClK/2. 
When ClKMODE = 1, SCLK = 

14 CClK Clock Input. Internal clock can be CClK/128. When ClKMODE = 0, 
SClK = CClK/256 generated by tying a crystal from 

8 DO Data Out. Digital output which 
this pin to DGND or applying a 
clock directly to the pin. 

contains result of AID conversion. 
15 Vee Positive Supply. +5V ± 5% The serial data is clocked out on 

falling edges of SClK. decouple to AGND. 

16 AGND Analog Ground 0 Volts. Common 
mode reference point of the 
internal differential circuitry. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Supply Voltage (Vce) ................................... 6.0V Temperature Range ....................... T MIN :S T A :S T MAX 
Negative Supply Voltage (Vss) ......................... -6.0V 
Voltage at Analog 

Ml2223BIJ, Ml2223CIJ ..................... -4Q°C to +85°C 
Ml2223BCp, Ml2223CCP ............. ~ ....... O°C to +70°C 

Inputs ............................... Vss - 7V to Vec + 7V Supply Voltage (Vce) ...................... 4.5Voc to6.0Voc 
Voltage at VREF ........................ Vss - 7V to Vcc + 7V Negative Supply Voltage (Vss) ........... -4.5Voc to -6.0Voc 
Input Current per Digital Pin ........................ ±10mA Reference Voltage (VREF) ................................. Vcc 
Input Current at Analog Inputs ...................... ±20mA 
Storage Temperature Range ................. -65°C to +150°C 
Package Dissipation at 25°C (Board Mount) .......... 875mW 
lead Temperature (soldering 10 seconds) 

Dual-In-line Package (Molded) ...................... 260°C 
Dual-In-line Package (Ceramic) ...... . . . . . . . . . . . . . .. 300°C 
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ELECTRICAL CHARACTERISTICS 
Thefollowing specifications apply for Vee = +5V ± 5%, Vss = -5V ± 5%, VREF = +4.7SV, V1N- = AGND, 
VIN+ = --4.75V to +4.75V, TA = TMIN to TMAX unless otherwise specified. 

"" 

ML2223BIJ, ML2223C1J ML2223BCp, ML2223CCP 

PARAMETER NOTES CONDITIONS ITYP II MIN (Note 3) MAX .MIN "I (N::: 3) I MAX 

Converter Characteristics 

Linearity Error 
ML2223BXX 4 feelK = 0.1 :::; 5MHz ±3f4 ±3/.a 

ML2223CXX ±1 ±1 

Unadjusted Zero Error 
ML2223BXX 4 ±3!( ±3/.a 

ML2223CXX ±2 ±2 

Unadjusted Positive and Negative 4 ±5 ±4 
Full-Scale Error 

Zero Error Temperature Coefficient 0.5 0.5 

Gain Temperature Coefficient 10 10 

Common Mode'Rejection 5,6 80 80 

Analog Input Source Res,istance 4 2 2 

Analog Input Range 4 VIN+ Referred to VIN- -VREF +VREF -VREF .fVREF 

Analog Input Leakilge Current 4 100 100 

Voltage Reference Inpuf Source 4 , 0.5 0.5 
Impedance u 

Reference Input Leakage Current 4 100 100 

Digital and DC Characteristics 

Power Supply Current 

leo Vee 4 30 50 30 50 

Iss- Vss , 18 30 18 30 

Power Supply Rejection 7 

Vee DC 80 80 
DC to 25kHz 50 " 50 

Vss DC 80 80 
DC to 25kHz 50 50 

VllelK- Clock Input Low Voltage 4 0.8 0.8 

VIHClK- Clock Input High Voltage 4 3.5 Vee 3.5 Vee 

lu, Inp\.lt Leakage current (ceLK) 4 DGND:::; VIN :5 Vee ±200 ±200 

Vlu Input Low Voltage , 4 0.8 0.8 

VIH, Input High Voltage 4 2.0 Vee 2.0 Vee 

Val.. Output Low Voltage 4 1m = 2.0mA 0.45 0.45 

VOH, Output High Voltage 4 10H = -400p.A 2.4 2.4 

lu Input Leakage Current 4 DGND :::; VIN:::; Vee ±10 ±10 
(except ClK) 

IHI.z, Output Leakage Current 4 CS 2::VIH ±10 ±10 

CI, Input Capacitance 5 10 10 
(all digital inputs) 

Co, Output Capacitance 5 10 10 
(all digital outputs) 

UNITS 
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dB 
dB 
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dB 

V 

V 
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V 

V 

V 

V 
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ELEORICAL CHARAOERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

K. Electrical Characteristics (Note 8) 

tc Conversion Time 4,9 fCClK = 5MHz (CCLKMODE = "0") 45.6 /.IS 

fCCLKO Clock Frequency 5,9 Crystal (CClKMODE = "0") .3 5 MHz 

Driven (CClKMODE = "0") .1 5 MHz 

fCCLKO Clock Width 5,9 Driven (CClKMODE = "0") I High 50 ns 

I low 50 ns 

fCCLKl Clock Frequency 5 Driven (CClKMODE = "1") .05 2.5 MHz 

fCCLKl Clock Width 5 Driven (CClKMODE = "1") I High 150 ns 

I low 150 ns 

tSCLK, DO Serial Clock low to DO Valid/Hold 4 190 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: O°C to +70°C and -40°C to +BSoC operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. • 

Note 3: Typicals are parametric norm at 25°C. ~ 

Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 
Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
Note 8: All parameters measured from O.BV· to 2.0V, Cl = SOpE 
Note 9: Maximum frequency is 1ltClK1 (high) + tClK1 (low) + rise + fall times, which must be ",; 2.5 MHz. 

tsCK,DO 

Serial Oock to Data Out Delay 
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DATA ", OUTPUT 
VeC 

OUTPUT9i ENABLE 

CLT 10k.,.. 

OUTPUT 

Vee 

OUTPUT 
Vee 

~ ENABLE 

DATA 
OUTPUT 

CLT Vee 
OUTPUT 

VOL 

Figure 1. High Impedance Test Circuits and Waveforms 

1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC AID CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition 
the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming is used. An algorithmic converter uses less 
circuitry and is more easily trimmed. Micro Linear's 
algorithmic converter is implemented using a 2x 
amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 2. 

The input sample is first multiplied by two then 
compared to the reference voltage. If the 2x input 
voltage is greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 

reference, the MSB is a 0 and the 2x input voltage is 
stored in the sample and hold. This process repeats 
again, however now the sample and hold voltage is 
multiplied by2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 2, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x VIN) - VREF 2: 0 

Step 2 

Step 3 

then MSB = 1 
(2 x VIN) - VREF~S/H 

else MSB = 0 
(2 x VIN)~S/H 

If (2 x S/H) - VREF 2: 0 
then next bit = 1 

(2 x S/H) - VREF~S/H 

else next bit = 0 
(2 x S/H)-S/H 

Repeat Step 2 until' conversion complete. 

Figure 2. Self Calibrating AID Converter 
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Since the ND converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in 
an algorithmic converter, two critical parameters need 
to be controlled, loop offsets and the gain of the loop. 
Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampling amplifier and the 2x amplifier. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the 
offsets have been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (VREFIVREF), and 
examining the output code. Converting VREF should 
yield plus full scale, since VREFIVREF should equal 1. If 
the gain of the loop is slightly less than 2, the resulting 
LSB of the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "1s'; the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold .of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
the 2C input capacitors. A small vallie of capacitance is 
either added to or subtracted from the 2C input caps 
until the gain of the loop is within 13-bit accuracy. 

The self calibration and trimming is performed in the 
factory at wafer sort. This procedure is not available as 
a finished product. 

1.1.2 Conversion Times 

The following table lists the conversion times which 
include the sample and hold acquisition time.' 

OPERATION MODE INTERNAL CLOCKS' 

FREERUN 113 

1.1.3 Sample and Hold Timing 

Figure 3 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks.' Six internal clocks 
after the start of conversion the sample and hold is 
switched into the sample mode, placing two 9pF 
capacitors in parallel with the input pins; one on VIN+ 

EXTERNAL CLOCK 
ClKMODE • "0" 

11 12113 

ML2223 

and one on VIN-. The sample switch is kept in the 
sample mode for 8 internal clocks (3.2ps at a 5MHz 
external clock), then placed in the hold mode. During . 
the next 2 internal clocks the charge on the sample and 
hold is transferred into the AID, afterwhich the VREF pin 
is sampled for 8 internal clocks. 
• For a description of internal clocks see Clock section. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2223 eliminate the 
effects of common mode input noise (60Hz for 
example), as VIN+ and VIN- are sampled at the same 
time. 

1.2.2 Noise 

The leads to the analog inputs should be kept as short 
as possible to minimize output noise. Noise as well as 
digital clocks can couple into the inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sou rces. 

1.2.3 Power Supply Decoupling 

Low inductance tantalum capacitors of 1pF or greater 
and O.01pF disc ceramic capacitors are recommended 
for bypassing Vcc as well as Vss to AGND. These 
capacitors should be placed close to the Vcc and Vss 
pins. 

1.3 CONVERTER CLOCK 

The CCLK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loading. (i.e., 
no bypass caps should be used and leads should be 
kept short) 

If driven with external clock and if the CLKMODE pin 
is tied to Vcc, the frequency must be between 50KHz 
to 2.5MHz with the requirement that clock LOW (tCCLKL) 
and clock HIGH (tCCLKH) durations must be more than 
150ns. If the CCLKMODE pin is tied to ground then the 
frequency can be from 100KHz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 40 to 60% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.5MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 

INTERNAL ClOCK 
OR EXTERNAL CLOCK 

ClKMODE = "1" I 
I 

I I I 
I I I 

t k-----SAMPLING INPUT-----+I I~ SAMPLING REFERENCE ~ 
START OF CONVERSION 

Figure 3. Sample and Hold Timing 
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1.4 RESET· 

The RES'Ei pin has an internal lOOK puUup resist~r, 
Power supplies must be stable to within a ±5% 
tolerance before tlJe reset ,condition is removed. 

The active low hardware reset can be performed by a 
capacitor value, (usually >6pF) tied to the RESET pin or 
by driving it with the system reset signal. 

t.5 SCLK 

The SClK is used to ~Iock out the data to the 
transmission 'line via the DOUT pin. The SCLK dm be 
supplied either externally or internally through the lise 
'of the INSCLK pin. MaXimum SCLK frequency is 625kHz. 

In applications where the internal SCLK is used, the 
SClK is generated by dividing the internal clock by 128. 
For example, when 2.4576MHz crystal is used to 
generate CCLK, this will result in a 19.2Kbps data 
transmission rate (CLKMODE = 1). In the case where 
CLKMODE = 0, then the transmission rate will be 
9.6Kbps. 

1.6 CONVERTER OPERATION 

There are two basic types of operation. By programming 
the CURR pin to "1," the device will be operating in the 

1+-123BT--I 

"Previous Data MOde'~ and when CURR pin = "0," the 
device.is in the"Current Data Mode." . 

, The ML2223 performs continuous conversion. The 
conversion takes 110 clock periods ang anadditional<13 
clock periods are required for the devke to shift out 
the data. In the Curl-e'nt Data Mode, 'the data are 
transmitted aft.er the conversion is completed. 24-bit 
time of the SCLK (transmit clock) is required to transmit 
the full data frame and an additional 8-bit time of idle 
is needed before the next conversion begins. A total of 
32cbit time delay of the SCLK is therefore needed 
between conversions (s'ee Figure 4). 

In the Previous Data Mode, the data is transmitted at the 
start of the· c()nversion (see Figure 5). 

1.7 DATA FORMAT 

The converter data is output in ,two' data byte frame. 
Each frame has one start bit and two stop bits and each 
data byte consists of 8 bits of data and one parity, bit. 
The data)s transrnitted LSB first (see Figure 6). 

The first data byte transmitted is the least significant 
byte with eVen parity bit and the second byte' is the 
most significant byte with odd parity. Thus, the UART ' 
can identify the lower byte ,or the upper byte by '. 
observing the,parity error flag in accordance to the 
parity check it has set~up. ' 

I I I I I I I I ~I I I I I I I I I I I I I I , I I I I I I I I I I 
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CONVERSION 1 CONVERSION 2 ' CONVERSION 3 
CONVERSION ___ oJ II II II III I 1'--__ _._----'11 I II II II 11'--______ -'111 111111 I ... 1 ___ _ 

I 'f-
COBITIDLE 

DOUT ------------~::;~ DATA 2 DATA 3 

Figure 4. Current Data Mode. 

1+-123BT --I 

lb~\Ulld':' ~ I I I I I I I I , , , ~b~~1:l!~18~ ~ JJ..LIAU I::M I 
CONVERSION ---.J IIIII rill L' ____ ..JWmHIR~ ~'--'.,.;.. __ ~, 1111111111 LI __ -'-__',_)uy..l.L.L1 udU..l.111.LIIU~'--~_ 

DOUT ----£:::~TO '8,--_DA_T_A_l~LJ ,DATA2 
OBIT 
IDLE 

Figure 5" Pr:evious Data Mode. 
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APPLICATIONS 

FIRST LAST 

START START 
BIT LSB BIT SIGN EXTENDED 

IDLE ---, .-Io!::!!!..'--------.---r--., r---,----"T---.---
!. 2 3 4 5 6 7 1 P 1 STOP 1'-...11..:;8.....:..9 ...;';.;;.O...;'...;1\L.;S;""":S"",:,,S ~S .1.,;1 p.,-ll STOP 

OV 

2.4576 D 
MHZ l 

J BIT J BIT 
EVEN PARITY ODD PARITY 

LOWER BYTE 

Figure 6. Data Formal 

INSCLK 

CLKMODE 

9600 BAUDS 
DOUTI--+---j 

ML2223 

UPPER BYTE 

UART 

Figure 7. Remote Monitor System. 

Ml2223 

ORDERING INFORMATION 

LINEARITY TOfAL TEMPERATURE 
PART NUMBER ERROR UNADJUSTED ERROR RANGE PACKAGE 

ML2223BCP Hi! LSB ±1Y2 O·C to +70·C MOLDED DIP (P16) 
Ml2223BIJ -40·C to +85·C HERMETIC DIP (116) 
Ml2223CCP ±1 lSB ±2Y2 O·C to +70·C MOLDED DIP (P16) 
Ml2223C1J -40·C to +85·C HERMETIC DIP (116) 
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'Micro Linear 
October 1990 
PRElIMINARY 

ML2230 
JLP Compatible 12-8it Plus Sign AID Converter 

with Sample and Hold 

GENERAL DESCRIPTION 
The ML2230 is a member of Micro Linear's 12-bit plus sign 
CMOS ND converter family utilizing a self calibrating 
algorithmic technique. The sample-and-hold, incorpo
rated on the ML2230, has a differential input for noise 
immunity and power supply rejection. A" errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

The ML2230B has a maximum non-linearity error over 
temperature of 0.018% of fu"-scale, and the ML2230C 
and ML2230D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to an 8-bit microprocessor bus with
out additional components, the ML2230 outputs the 13-bit 
data result in two 8-bit bytes. Data format is 2's comple
ment. A" digital signals are fully TTL and CMOS 
compatible. 

For interfacing to a 16-bit microprocessor bus the ML2233 
provides a 13-bit data resu It. . 

BLOCK DIAGRAM 

DVec DCND 

i i 
r--'---------. ...---...., 

VIN+ 12-BIT + SIGN AID 
AND 

SAMPLE AND HOLD FUNCTION 

AVec Vss AGNO 

DO 
D1 
02 
03 
04 
05 
06 

AO 
Al 
cs 
WR 
iID 
DAY 

ClK 
'----.0 SYNC 

FEATURES 
• Resolution 12-bits+sign 
• Conversion time 

(including StH acquisition) 31.Sp.s max 
• Sample and hold acquisition 2.3p.s max 
• Non-linearity error ±3f.lLSB and ±1 LSB max 
• Low harmonic distortion 0.01 % 
• No missing codes 
• Selfcalibrating-maintains accuracy over time and 

temperature 
• Inputs withstand j7Vj beyond supplies 
• Data transfer options-interrupt, DMA, or polling 
• Outputs data in two 8-bit bytes 
• Standard 24-pin DIP 

PIN CONNECTIONS 

ML2230 
24-PIN DIP 

AVec 

WR 

VREF iD 

cs 

SYNC AI 

07 

01 

02 DGNO 

05 

DVec 

TDPVIEW 

c .. 
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PIN DESCRIPTION 
DIP PCC NAME FUNCTION 

AGND Analog ground. 

2 2 VIN+ Positive differential analog input; 
range=VSS!5VIN+ !5AVcc, 
I(VIN+) - (VIN -)1 !5VREF· 

3 3 VIN- Negative differential analog input; 
range= VSS!5VIN - !5AVcc, 
I(VIN +) - (VIN -)1 !5VREF· 

4 4 VREF Voltage reference input; refer-
enced to analog ground. 

5 5 Vss Negative power supply; decouple 
toAGND. 

6 8 DAV Data available; indicates a con-
version has completed and data is 
available or calibration complet-
ed. 

7 9 SYNC lnthe slave mode, SYNC is a posi-
tive edge triggered input used to 
start a conversion. In master 
mode, SYNC is an output and 
indicates a conversion has oc-
curred. 

8 10 DO Bidirectional data bit. 

9 " D1 Bidirectional data bit. 

10 13 D2 Bidirectional data bit. 

" 14 '03 Bidirectional data bit. 
12 15 DVcc Digital power supply. TietoAVcc 

from same power supply. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltages (AVec and DVed .......... , .......... 6.0V 
Negative Supply Voltage (Vss) ....................... -6.0V 
Voltage at Analog 

Inputs ...................... , ...... VsS-7V to AVec + 7V 
Voltage at VREF •.••••••••.••..••..••.. VSS-7Vto AVec + 7V 
Input Current per Digital Pin ....................... ± lOrnA 
Input Current at Analog Inputs ...................... ± 20mA 
Storage Temperature Range ........... : ... -65°C to + 150°C 
Package Dissipation @25°C. ....................... 875mW 
Lead Temperature soldering, 

Dual-in-Line Package (Ceramic) ..................... 300°C 

ML2230 

DIP PCC NAME FUNCTION 
13 16 D4 Bidirectional data bit. 
14 17 D5 Bidirectional data bit. 

15 18,19 DGND Digital ground. 

16 20 D6 Bidirectional data bit. 

17 21 D7 Bidirectional data bit. 

18 22 A1 Address for the microprocessor 
interface to access anyone of the 
four registers. 

19 23 AO Address for the microprocessor 
interface to access anyone of the 
four registers. 

20 24 CS Chip select; enables writing to or 
reading from. 

21 25 RD Read; enables Ml2230 to drive 
data bus. 

22 26 WR Write; allows writing into the reg-
isters. 

23 27 ClK Clock input. Drive with an ex-
ternal clock or crystal referenced 
to DGND. The crystal must be 
parallel resonant with minimum 
capacitive loading. (i.e., no 
bypass caps should be used and 
leads should be kept short.) 

24 28 AVec Positive analog power supply. De-
coupletoAGND. Tie to DVcc 
from same power supply. 

OPERATING CONDITIONS (Note 2) 

Temperature Range .............................. O°C to 70DC 
Supply Voltage (AVce and DVcd .......... 4.5Voc to 6.0Voc 
Negative Supply Voltage (Vss) ............ -4.5Voc to -6.0Voc 
Reference Voltage (VREF) ........................... ,... 2.60V 
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ELECTRICAL CHARACTERISTICS 
The following specifications .apply for Vee = +5V ± 5%, Vss = -5V ± 5%, VREF = +4.75V, VIN- = AGND,. 
VIN+ = -4.7SV to+4.7SV, TA = TMIN to TMAJ( unless otherwise specified. ' 

PARAMETER CONDITIONS 

Converter Characteristics 

Linearity Error 
M12230BXX 4 fCClK = 0.1 $ 7MHz ±',4 
M12230CXX fCClK = 0.1 ,$ 7MHz ±1 
M12230DXX fcclK = 0.1 $ 5MHz ±1 

Unadjusted Zero Error 
M12230BXX 4 ±',4 
M12230CXX ±2 
M12230DXX ±2 

Unadjusted Positive and Negative 5 ±4 
Full Scale Error 

Zero Error Temperature Coefficient 0.5 

Gain Temperature Coefficient 10 

Common-Mode Rejection 5,6 80 , 

Analog Input Source Resistance 5 2 

Analog Input Range 4 V IN+ Refer to V IN- -VREF 
, 

+VREF 

Anaiog Input Leakage Current 4 100 

Voltage Reference Input 5 0.5 
Source Impedance 

Reference Input .Leakage Current 4 100 

Digital and DC Characteristics 

Power Supply Current 
Alco "'nalog V cc 4 30 50 
Dlco Digital V CC 10 
ISs, Vss 18 30 

Power Supply Rejection 7' 

AVcc DC 80 
DC to 25kHz 50 

Vss DC 80 
DC to. 25kHz 50 

VllClIv Clock Input Low Voltage 4 0.8 

VIHClIV Clock Input High Voltage 4 " 3.5 IWcc 
1l1' Input Leakage Current (CLK) 4 I\GND $ VIN $ AVcc ±200 pA 

VII., Input Low Voltage . 4 0.8 

VIH, Input High Voltage 4 2.0 DVct 

VOu Output Low Voltage 4 1m = 2.0mA 0.45 

VOH, Output High Voltage 4 IOH = -400pA 2.4 

lu Input Leakage Currerit (except CLK) 4 AGND $ VIN $ AVcc ±10 

IHI.z, Output Leakage Current (00-07) 4 RD = CS = VIH ±10 

CI, Input Capacitance (all digital inputs) 10 

Co, OutPlJt Capacitance 10 
(outputs DO to 07, and DAV) 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Electrical Characteristics (Note B) 

tc 

fClKO 

tClKO 

fClK1 

tClK1 

tAD 

tAR 

tRA 

tRR 

tRD 

t,Z, toz 

tRV 

tRDCK 

tAW 

tWA 

tww 

tDw 

tWD 

tWRCK 

tCKDAV 

tSVNCCK 

tSVNCN 

tCKSYNC 

tSVNCO 

tWRDAV 

tRDDAV 

t" tf 

Note 1: 

Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 
Note 10: 
Note 11: 
Note 12: 
Note 13: 

Note 14: 
Note 15: 

Conversion Time 4,9 CLK Mode = 0 fnK = 7.0MHz 31.5 JlS 
fClK = 5.0MHz 44.0 ps 

Sample and Hold Acquisition 4,9 ClK Mode = 0 fClK = 7.0MHz 2.3 JlS 
fClK = 5.0MHz 3.2 JlS 

Clock Frequency 5,9 Crystal (ClK Mode = 0) 3 7 MHz 
Driven (ClK = Mode 0) 1 7 MHz 

Clock Width 5,9 Driven High 50 ns 
(ClK Mode = 0) low 50 ns 

Clock Frequency 5,10 Driven (ClK Mode = 1) 0.5 (Note 11) MHz 

Clock Width 5,10 Driven High 125 ns 
(ClKMode = 1) low 125 ns 

Address Stable to Valid Data 4 150 ns 

Address Stable Before Read 4 0 ns 

Address Hold After Read 4 0 ns 

Read Pulse Width 5 150 ns 

Read Access 4 150 ns 

Data Read to Hi-Z 4 0 50 ns 

Recovery Between Two Reads 5 250 ns 
or Writes 

Read to Clock Setup Time 5,12 40 ns 

Address Stable Before Write 4 0 ns 

Address Hold After Write 4 0 ns 

Write Pulse Width 4 150 ns 

Data Setup Before Write Trailing Edge 4 100 ns 

Data Hold After Write Trailing Edge 4 0 ns 

Write to Clock Setup Time 5,12 40 ns 

Clock to DAV Assert 4,13 Cl = 50pF 120 220 ns 

SYNC Input to Clock Setup 5,12 40 ns 

SYNC Input Width 5 (ClK Mode = 0) 6 1lfnKo 
(ClK Mode = 1) 3 1/fclK1 

External Clock to SYNC Output Delay 5,13 Cl = 50pF 150 200 ns 

SYNC Output Pulse Width 5,13 (ClK Mode = 0) 8 1/fclKO 
(CLK Mode = 1) 4 1lfClK1 

Write Reg2 to DAV Rising Edge 4,14 Cl = 50pF 170 ns 

Read RegO to DAV Rising Edge 4,15 Cl = 50pF 170 ns 

Rise and Fall All Inputs 25 ns 

Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
speCified are measured with respect to ground. 
Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions. 
Typicals are parametric norm at 2S'C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Common mode rejection is the ratio of the change in zero error to tne, change in common mode input range. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from O.BV to 2.0Y, Cl = 100pF. 
CK1X bit in control register = O. " 
CK1X bit in control register = 1. 
Maximum frequency is 1/tClK1 (high) + tClK1 (low) + rise + fall times and::; 3.SMHz. 
Setup time required for synChronous start of conversion. 
In CLK mode = 0 (CK1X bit in control register = 0) start of conversion will occur at specified time; or time plus one fClKO period (see 
~~~ --
Writing a control register bit 0 with a one will acknowledge the DAV condition and de-assert DAV output. 
In start mode - 1, a read from location "0" will start the, next conversion and de-assert the DAV output. 
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TIMING DIAGRAMS 
• lAD 0 - tRA_I~ 

) 
__ IAR~ IRR 

OJ 

• IRV 0 ~tRD~ - .' I-Ill, toz 

DATA BUS HIGHZ ) VALID }( HIGHZ 

Figu~e 1. Read Cycle 

DATA BUS INVALID INVALID 

J-----IRV'----io~II· .. -----tww-----ol 

Figure 2. Write Cycle 

DAV 

d 
/ .~ 

\ I 
tlCKDAV 

;=--=1 \ 

CLK, MODE = 1 

CLK, MODE = 0 

4 
I \ 

\ / \ 
tlCKDAV 

{IRoD 1 \ / / 

CLK, MODE = 1 

CLK, MODE· 0 

FIRST BYTE SECOND BYTE 

DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 
NQTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION. 

Figure 3. Data Available 

CLK,MODE=l J (=4 c 
CLK, MODE = 0 

SYNC OUT --- {~~ ~~~ f ."'~ 
Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 

CLK 

START OF CONVERSION 
(NOTE 2) 

r----,. 
(NOTE 1) ____ -'I 

ML2230 

START OF CONVERSION 
(NOTE 3) . 

1.,.·---"", 

~ 

, ----"~------14-+--------ISYNCN-r--- --I' 
WR 

(START MODE 0) 

Ri'i 
(START MODE 1) 

NOTES: 
1. CLK IS THE CLOCK DRIVEN ATTHE CLOCK PIN. 

TO 

2. IN CLK MODE 1, Will ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 
3. IN CLOCK MODE 0, Will OCCUR EITHER AT TO OR TlIF SETUP TIMES ARE MET. 

I 
Tl 

Figure 5. Start of Conversion (Start Mode 0,1,3) 

BLOCK DIAGRAM 

VIN-

VREf 12·BIT 
+ SIGN 

AID, 
SAMPLE AND 

AGND HOLD 

VSS 

AVCC 

DATACLK 

DATA 

START 

BUSY 

EOC 

CK1X 

START 
LOGIC 

2 SMDE 

DOCAl 

ADRDY 

SC 

16 

CONTROL 
REGISTER 

CAlCODE 
HOLDING 
REGISTER 

Figure 6. Block Schematic Diagram 
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ML2230 

FU NCTIONAL DESCRI PTION 

ALGORITHMIC A/OCONVERTER . 
Micro linear's algorithmic converter uses a successive 
approximation technique. Most oftoday's successive 
approximation converters use a DAC to feedback the ap
proximated signal, however this technique requires more· 
circuitry than algorithmic converters. In addition the val
ues·of all of the resistors or capacitors in the DAC mustbe 
matched to within theaccuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a.l and the reference volt
age is subtracted from the 2x input voltage. The remainder 
is stored in the sample and hold. 1ft he 2x input voltage is 
less than the reference, the MSB is a 0 and the 2x input 
voltage is stored in the sample and hold. This process re
peats agai n, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x VIN) - VREF ~ 0 

Step 2 

Step 3 

then MSB = 1 
(2 x VIN) - VREF-S/H 

else MSB = 0 
(2 x VIN)-S/H 

If (2 x S/H)- VREF ~ 0 
then next bit = 1 

(2 x S/H) - VREF-S/H 
else next bit = 0 

(2 x S/H)-S/H 

Repeat Step 2 un~il conversion complete. 

Since the AID converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 

Figure 7. Self Calibrating AID Converter 

SELF CALIBRATION 
hi order to maintain integral and dil'ferentiallinearity to 
the 112 LSB level in an algorithmic converter;two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled be
fore each conversion using auto-zeroing circuitry on both 
the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
·ofthe loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (VREF/VREF), and examining the output code. 
Converting VREF should yield plus full scale,since VREF/ 
VREF should equal 1 , If the gain of the loop is slightly less 
thah 2, the resulting LSB ofthe conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", . 
the gain may be too great, therefore the gain is reduced to . 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. Asmall value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 13 bitaccurQ.cy of 2. 
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FUNCTIONAL DESCRIPTION (Continued) 

CONVERSION TIMES 
The following table lists the conversion times which in
clude the sample and hold acquisition time. For a CALRD 
and CALWR no AID conversion actually takes place. 

OPERATION 
8 bit AID 
13 bit AID 
CALWR 
CALRD 

#OF INTERNAL CLOCKS' 
80 
110 
52 
80 

SAMPLE AND HOLD TIMING 
Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of Conver
sion" and the input channel going into sample mode is 
fixed at 6 internal clocks', regardless of the Start Mode. Six 
internal clocks after the Start of Conversion the Sample 
and Hold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
VIN + and one on VIN -. The sample switch is kept in the 
sample mode for 8 internal clocks (2.3,.s at a 7MHz ex
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the ND, after which the VREF pin is sam
pled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Mas
ter Mode during a conversion (MIS = 1 Control High Byte 
register) and Start Mode 0, 1, or 2. SYNC is activated one 
internal clock cycle after the Start of Conversion and lasts 
for four internal clocks. 

*For a description of internal clocks se:e Clock secti"on. 

EXTERNAL 
CLOCK 

(CLK MODE 0) 

INTERNAL 
CLOCK 

OR (CLK MODE 1) 

ML2230 

ANALOG INPUTS 

DIFFERENTIAL INPUTS AND COMMON MODE 
REJECTION 
The differential inputs of the ML2230 eliminate the effects 
of common mode input noise (60Hz for example), as 
VIN + and VIN - are sampled at the same time. 

NOISE 
The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

POWER SUPPLY DECOUPLING 
Low inductance tantalum capacitors of l,.F or greater 
and O.01JLF disc ceramic capacitors are recommended for 
bypassing AVec as well as Vss to AGND. These capacitors 
should be placed close to the AVec and Vss pins. 

MICROPROCESSOR INTERFACE 
There are four 8 bit directly addressable regist~rs; two 
Data Buffer registers, and two Control registers. The data 
buffer registers provide the conversion results. The data 
registers are double buffered, allowing one result to be 
read while the next sample is being converted. The data 
registers also allow access to the algorithmic converter's 
calibration code. Normally the ML2230 is operated with
out ever accessing these registers. (Refer to Diagnositcs for 
more information). The two Control registers provide com
plete control and status information. The four registers are 
addressed by pins AO and AI. . 

I 
I 

I I I 
I 
I 

I I 
I I 
I I I I 

SVNCPIN I 
(MASTER MODE) ---t----' 

t I-SAMPLING REFERENCE--..j f.ol.~--SAMPLING INPUT~ 
START OF CONVE RSION 

Figure 8. Sample and Hold Timing 
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FU NCTIONAL DESCRI PTION (Continued) 

All data is returned from the COnverter 'in sixteen bit two's , 
complementiormat, right hand justified, with the sign .bit 
extended aCross the most significant bits. . 

Cycle 
13 
8 

+Max 
OFFF 
007F 

-Min 
FOOO 
FF80 

REGISTER DESCRIPTION 
Register O-Data Buffer Low Byte: 

Zero 
0000 
0000 

Register 0 contains the low byte result of the latest conVer
sion when read. Depending on the Start Mode selected, 
reading or writing to this register may start the next 
conversion. 

Register l-Data Buffer High Byte: 
Register 1 contains the high byte resu It of the latest conver
sion when read. 

Register 2-CONTROL Register Low Byte: 

Bit 0 (DAV st~tus when READfDAVACK a~k~ciwledge 
when a ONE'is written): , 
ReadingDAV =:' Hndicates th .. t new data is available or a 
calibration is complete .. I,{Qot-h data bytes have been read, 
DAV will be cleared automatically. This bit can be explic
itly acknowledged by writing it ONE to it; writing a zero 
has no effect. The D<\V output pin always reflects the 
DAV status bit. 

Bit 1 (BUSY status when READ/RESET when aONEis.·' 
written): 
Reading BUSY .. 1 indicates that a conversion orcalibra
tion is in progress. Writing a ONE will.force a chip reset. 
Writing a zero has no effect. 

RESET Default Conditions: 

Both Control registers will automatically be cleared. Both 
Data Buffer registers will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the DAVB 
output is inactivated (high). The SYNC pinis forced to. be 
an input as a result of clearing the M/S bit in the Control 
Hig,h Byte register. 

Bit 2 (ADRDY status when READ/DOCAl request when a 
ONE is written): 
Reading ADRDY:" O'indicatesthat the converter has not 
been calibrated since the last reset, and ADRDY = 1 in
dicates that it has been calibrated since thelastreset. Writ
ing a ONE will force the converter to do a calibration; writ
ing a zero has no effect. 

Bit 3 (SC: Short cycle select): 
Selects 8 or 13 bit conversions. 

SC = 0: l3-bit conversion (default) 
SC = 1 : 8-bit conversion (short cycle) 

READ ADDRESS 
Al AO 

WRITE 

DATA BUFFER LOWBYTE I 07 '06 05 04 03 02 D1 DO 00 '---C-A-LC-O-o-E-H-O-L-D-IN-G-L-O-W-B-YT-E-R-EG-I-ST;"E-R-,....;.", START CONVERSION 
IFSMDE=OOR2 

DATA BUFFER HIGHBYTE I 015 014 013 012 011 010 09 DB I 01 CALCODE HOLDING HIGHBYTE REGISTER 

CONTROL LOWBYTE 10 

00: START IF REG'-O-IS-W-RIT"""tE-'N--....---I--:';'-.a.....,,--I---'T-L-,--' 

01: START IF REGO/lIS READ 
10: CONTINUOUS CONVERSIONS 

, AFTER REG 0 IS WRlnEN ' 
11: START IF SYNC GOES HIGH 

SHORTCYCLE 0 = 13·BIT, 1 = 8·BIT 

CHIP CALIBRATED STATUS 

CONY BUSY STATUS 

DAVSTATUS 

WRITING 1 
ACKNOWLEDGE DAV 

WRITING 1 REQUEST A cALIBRATION 

SHORT CYCLE 

START MODES 

6 5 4 3 

CONTROL HIGHBYTE 
'---L~~~~~~ __ ~ __ ~ 11 I 0 IDMAI LiH Icml MIS I o I 
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LNORMAL AID CONVE RSION . 

0: fnK =0 DIVIDED BY 2 INTERNALLY (DEfAULn MAXIMUM INPUT CLOCK fREQUENCY IS 8MHz 
1: fCLK = 1 MAXIMUM INPUT CLOCK FREQUENCY IS 4 MHz 

0: HIGH BYTE IS READ fiRST THEN LOW 8YTE 
1: LOW BYTE IS READ FIRSTTHEN HIGH BYTE 

0: NON DMA MODE. REGOO HAS LOW BYTE, REGOI HAS HIGH BYTE (DEFAULT) 
1: DMA MODE. READ REGOO TWICE TO GET .BOTH BYTES 

Figure 9. Register Description 
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FUNCTIONAL DESCRIPTION (Continued) 

Note: For 8-bit conversions in non-DMA mode, only one 
byte needs to be read. This can be accomplished by set
ting LlH =0, DMA=O and reading the Data Low Byte 
register. In DMA mode both bytes need to be read. 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 
00 

01 

10 

11 

Start Conversion upon writing to register 0 
(default) 
Start Conversion upon reading register 0 if 
LlH = 0, or Start Conversion upon reading reg
ister 1 if LlH = 1. In DMA mode both bytes 
need to be read. The second byte read will 
Start Conversion. 
Start Continuous Conversions upon writing to 
register O. 
Start on external SYNC input going high (Re
quires Slave !)lode: M/S=O) 

Bits 7,6 (reserved): 
These bits are reserved by Micro Linear and must be writ
ten as zero. 

Register 3 (Control Register High Byte): 

Bits 2,1,0 (TMDE: test mode select bits) 

These bits are used for diagnostic purposes only and nor
mally riot accessed during operation. The default value of 
TMDE is 000 which selects a normal NO conversion. See 
Diagnostics for more information. 

TMDE Description 
000 Normal A/D Conversion 
001 Reserved by Micro Linear (Do Not Use) 
010 CALWR Operation 
011 CALRD Operation 
100 System Offset 
101 Common-mode 
110 Plus Full Scale 
111 Minus Full Scale 

Bit 3 (M/S: Master/Slave bit): 

Dictates whether the SYNC pin is an input or an output. 
Upon RESET, this bit is cleared. 

M/S = 0: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE= 11. 

M/S = 1 : Master Mode SYNC is an output. At the begi n
ning of every conversion, SYNC 
is high for 4 internal clocks. 

Bit 4 (CKl X: clock select bit): 

Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section for 
a detailed explanation. 

CK1X=0: the external clock is divided by 
two and used as the internal 
clock. This is referred to as CLK 
Mode=O. 

ML2230 

CK1X= 1: . the external clock input is used 
directly as the internal clock. 
This is referred to as CLK 
Mode=l. 

Bit 5 (LlH: Low Byte/High Byte): 

In non-DMA mode the LlH bit defines whether DAVB is 
deactivated by reading the Data Low Byte or Data High 
Byte. In DMA mode, the LlH bit defines the order in which 
the Low/High Data Bytes are presented to the data bus. 
DMA mode automatically deactivates DfNB after both 
bytes are read. 

*non-DMA mode: DMA=O 

LlH=O: 

LlH=l: 

*DMA mode: DMA= 1 

LlH=O: 

reading r~gister 0 (Low Byte) 
will de-assert DAVB 
reading register 1 (High Byte) 
will de-assert DAVB 

the first read is the Data High 
Byte, and the second read is the 
Data Low Byte, then DAVB out
put is de-asserted 

LlH = 1: the first read is the Data Low 
Byte, and the second read is the 
Data High Byte, then DAVB out
put is de-asserted 

Bit 6 (DMA: DMA mode bit): 

This bit allows both high and low bytes from the 13 bit 
conversion to be read from one address; either Data Buffer 
Low Byte or Data Buffer High Byte registers. 

DMA = 0: The high byte of the conversion 
will always be read from the 
Data Buffer High Byte register 
and the low byte of the conver
sion will always be read from 
the Data Buffer Low Byte 
Register. 

DMA= 1: Both high and low bytes of the 
conversion can be read from ei
ther the Data Buffer High or 
Low Byte Registers. A DMA 
controller, microprocessor, or 
other I/O device can use a sin
gle I/O add ress to read both the 
low and high bytes of the con
version. The order in which the 
high and low data bytes are pre
sented is defined by the LlH 
control bit. 

Note: This feature is not restricted to DMA controllers. It is 
an I/O option which may be used by a DMA controller, 
microprocessor, or any other type of I/O device. 

Bit 7 (Reserved by Micro Linear) 

This bit is not used. When written use zero. 
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FUNCTIONAL DESCRIPTION (Continued) 

GENERAL OPERATING INFORMATION 
CONVERSION-START PROTOCOL 
There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control low Byte 
Register. 

SMDE 
Bits 5,4 

00: 

01: 

10: 

A write to register 0 will start a conversion. During 
a conversion, if another write is issued to register 
0, the "Start Conversion" commandwill be 
latched and another conversion will immediately 
follow the current O.ne. To insure that the second 
write will be latched, it must occur at least;3 in
ternal docks after the first write. Only one addi
tional write will be latched; multiple writes within 
a conversion will only yield one more conversion. 

Reading the data from the previous conversion 
starts the next conversion. Start Conversion upon 
reading register 0 if VH= 0, or Start Conversion 
upon reading register 1 if UH .. 1. In DMA mode 
both bytes need to be read. The sec;ond byte read 
will Start the Conversion. 

This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 0 
will start the first conversion; thereafter the con
verter runs continuously. This mode yields the 
maximum conversion rate. 

11: The Sync input triggers thestart of a conversion. 
The MIS bit in the Control High Byte Register must 
be cleared, placing the chip in the slave mode~ 

Note: The external activation signals for Start Modes 0, 1, 
and 3 are synchronized internally to the system clock. If 
periodic samp~ is required using these Start Modes, the 
SYNC, RD, or WR pulses must be synchronized to the sys
tem clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 
The AID conversion result is double~buffered using the 
Data Buffer registers and the AID Data register. The actual 
End-Of-Conversion (EOC) does not correspond with the 
DAVB output going low. The DAVB output goes low 16iil
ternal clocks after the EOC. From the time DAVB output 
goes lOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read two 
data bytes as shown in Figure 10. 

SELF CALIBRATION 
Setting the DOCAL. bit issues a calibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the DAVB output goes low. 

A calibration requires 8,260 internal clocks. Using a 7MHz 
clock (ClK Mode .. O), this is approxi'mately 2 ms. Power 
supplies and external voltage reference must be 
stable before issuing a request for calibration. 

The Ml2230 should be calibrated before any conversions 
are attempted. Cillibrations must not be performed si
multaneously with conversions. Before requesting <lcali
bration, the user may want to read the Busy status bit to 
make sure that the converter is idle, Polling the chip while 
the calibration is in progress is not recommended. 

START OF CONVERSION 2 START OF CONVERSION 3 
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START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 

~ CONVERSION 1.t:· CONVERSION 2 

I . DATA 1 AVAILABLE 

Figure 10 

~~i~1"O Linear 

CONVERSION 3---

DATA 2 AvAILABLE 
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FUNCTIONAL DESCRIPTION (Continued) 

CLOCK 
The Ml2230 has the option of dividing the clock at the 
ClK pin by 2, or using it directly to drive the internal logic. 
This option is selected through the CK1 X bit in the Control 
register. When CK1X=O the clock is divided by 2. This is 
referred to as ClK Mode=O. The clock at the ClK pin is re
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CK1X = 1, the clock 
at the ClK pin drives the internal logic directly, therefore 
this clock is referred to as the Internal clock. This is also 
known as ClK Mode = 1. All internally clocked logic is 
positive edge triggered. 

CLKMode=O: 
There are two advantages to ClK Mode 0. This is the only 
Mode that allows an external crystal to be used. ClK Mode 
1 cannot operate with an external crystal, the ClK pin 
must be driven. The second advantage of ClK Mode 0 is 
that the duty cycle for a driven clock is less stringent than 
in ClK Mode 1. (Refer to tCLKO and tClKl in AC Electrical 
Characteristics for ClK Mode 0 and 1 timing requirements, 
respectively.) 

On power up the state of the divide by two flip-flop is in
determinate. Therefore the relationship between the in
ternal clock and the external clock at the ClK pi n can have 
one of two possibilities as'shown in Figure 11. As a result 
the following should be considered. 

EXTERNAL 
CLOCK 

(CLK MODE = 0) 

INTERNAL 
CLOCK' 

o 

ML2230 

tWRCK, tRDCKi and tSYNCCK specs, (RD, WR, and SYNC set
up times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer
tainty of one external clock period. 

If periodic sampling is necessary and Start Mode 0,1, or 3 
is used, the external start pulse (either Ri), WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external clock peri
ods, half the pulses would correspond with the rising edge 
of the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the ClK mode. 

CLKMode=l: 
This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. ClK Mode 1 also eliminates the un
certainty of the tWRCK, tRDCK, and tSYNCCK requirements. 

'INTERNAL CLOCK MAY BE ONE OFTHE TWO ABOVE IN CLK MODE = 0 

Figure 11 
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FUNCTIONAL DESCRIPTION (Continued) 

DIAGNOSTICS 
Diagnostic routines may berun after power up or any 
other time to ensure proper operation. The diagnostic fea; 
tures, which are software selectable, don't require ex, 
ternal hardware. Both the analog and digital sections can' 
be tested. 

The Ml2230 is placed in the diagnostiC mode via the 
TMDE field in the Control High BYte Register. Once the 
Ml2230 is placed in one of the diagnostic modes, a con
version must be executed before the results can be read. 
As with all conversions, DAVB will be activated upon 
completion. 

ANALOG CONVERSION DIAGNOSTICS 
TMDE = 000: Normal Operation 
Selects normal A/D conversion. Default condition after a 
software reset. 

TMDE=OOl: Reserved by Micro linear. 

TMDE = 01 0: CAL WR operation 
The data in Write register 0 and 1 (CAlCODE Holding 
Register), are transferred into the converter's Calibration 
register when a "Start Conversion" is issued. A dummy 
conversion occurs and the DAVB output goes lOW to in
dicate that the operation is complete. 

TMDE = all: CAlRD operation 
The contents of the Calibration register are transferred 
through the A!D Data register and loaded into the Data 
Buffer registers. A dummy 8-bit conversion occurs and 
DAVB output goes lOW to indicate that the CAlRD 
operation is complete. 

TMDE=; 100: System Offset 
The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this,setting, converted 
data will give the offset of the AID converter and Sample! 
Hold combination. The VIN + and VIN ~ pins will remain 
in a high impedance state while in this mode. 

TMDE= 101: Common-mode 
Both the positive and' negative inputs of the Sample and 
Hold are tied to VREF. The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE = 110: Positive Fu II Scale 
This test mode connects the positive input of theSample 
and Holdto VREF and the negative,input of the Sample and 
Hold to analog ground. The result of converting in this test 
mode is a value near,positive full scale. 

TMDE = 111: Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to VREF. 
The result-of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 
The Ml2230's architecture provides a way for the micro
processor to indirectly read and write to theAfD 
converter's calibration register and data. register via. a, 
CAlRD and CAlWR. Figure 12 illustrates this,architecture. 
This in effect allows a digitalloopback. 

r--------------------~------------, I REGISTERS I AID CONVERTER I 
I A1 AO WR ill cs 7 0 I I 
I 0 0 I CALCOOE HOLDING LOW BYTE I I 
i I I 

7 0 I 
I 0 0 r CALCOOE HOLDING HIGH BYTE I I 
I I I 
I I r:-15 _...!.....;:,oJ..:::...,.. -r---""~~:......-......:; 
I I IL-_C~A~L_IB_~~J~IO~N~~~I--R=E=G=IS=TE=R--~I 
I 15 I ;:.15:.-___ ~ -..1....7,,::.... ___ ---::0 
I I TEMPORARY I REGISTER AID DATA I REGISTER I 
I A1 AO WR iID cs r7 ____ ~ ,;(,,.::,;..=--------:; I 
I 0 0 0 I DATA BUFFER HIGH BYTE I 
I 
I 7 J...>.. 0 I I 
I 0 0 1 0 0 I DATA BUFFER LOW BYTE I I I 
L _________ ~----------L------------~ 

Figure 12. [)igital Loopback 
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FUNCTIONAL DESCRIPTION (Continued) 

When the TMDE bits are set to 010 CAL WRITE (CALWR), 
and a Start Conversion is issued in anyone of the four 
modes, the contents of the CALCODE Holding Low Byte 
and High Byte registers are transferred into the AID con
verter's Calibration register. When the TMDE bits are set to 
011 CAL READ (CALRD), and a Start Conversion is issued, 
the contents of the Calibration register are transferred 
through the AID's Data register into the Data Buffer Low 
Byte and Data Buffer High Byte registers. The result of 
these two operations is a complete loopback from the 
CALCODE Holding registers through the AID converter 
and back into the Data buffer registers. This loopback pro
vides user assurance that all the paths are clear and there 
are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be re
stored before the converter is used to convert data. 

CALIBRATION PASS/FAIL TEST 
The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the Calibra
tion register. Ifthe Low Byte ofthe data buffer register is all 
ones after executing a CALRD, the calibration failed; 
otherwise the calibration is successful. 

'Micro Linear 
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FUNCTIONAL DESCRIPTION (Continued) "' ", 
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8048 

INT~------------~-------1ruw 

Y,N + -} -ANALOG 
VIN-~ INPUT 

PI2 .---------------------+1 SYNC CLK 

Figure 13. Interfacing to 8048 Microcontroller 
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~-5V 
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REFERENCE 

AGNO 
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6800 ML2230 

{ 

VIN+ 
FROM SYSTEM 

~~~g~A~~ --. SYNC Y,N _ 
TIMERS CLK 

Figure 14. Interfacing to 6800 Microprpcessor 
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ORDERING INFORMATION 

LlNEARllY MINIMUM TEMPERATURE 
PART NUMBER ERROR CONVERSION RANGE PACKAGE 

ML2230BC] :±314 LSB 31.5ps O·C to +70·C Hermetic DIP (J24) 
ML2230CCj ±1 LSB 31.5ps O·C to +70·C Hermetic DIP (]24) 
ML2230DCj ±1 LSB 44.0ps O·C to +70·C Hermetic DIP (]24) 
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'Micro Linear 

p,P Compatible 12-Bit Plus Sign AID Converter 
with Sample and Hold 

GENERAL DESCRIPTION 
The ML2233 is a member of Micro Linear's 12-bit plus sign 
CMOS ND converter family utilizing a self calibrating 
algorithmic technique. The sample-and-hold, incorpo
rated on the ML2233, has a differential input for noise 
immunity and power supply rejection. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

The ML2233B has a maximum non-linearity error over 
temperature of 0.018% of full-scale, and the ML2233C 
and ML2233D have a maximum non-linearity error over 
temperature of 0.024% cif full scale. 

Designed to interface to a 16-bit microprocessor bus with~ 
.out additional components, the ML2233 outputs the 13-blt 
data result in one word. Data format is 2's complement. 
All digital signals are fully TTL and CMOS compatible. 

For interfacing to an 8-bit microprocessor bus the ML2230 
provides a 13-bit data result in two 8-bit bytes. 

BLOCK DIAGRAM 

OVcc DGNO 

i i 
,....-JL------.,...--, .... ----, 

12-BIT + SIGN AID 
AND 

SAMPLE AND HOLD FUNCTION 

AVec Vss AGNO 

DO 
01 
02 
Ol 
D4 
05 
06 
07 
OS 
D9 
010 
011 
012 

AO 
C5 
WR 
lID 
DAV 

ClK 
SYNC 

FEATURES 
• Resolution 12-bits+ sign 
• Conversion time 

(including S/H acquisition) 31.Sp.s max 
• Sample and hold acquisition 2.3p.s max 
• Non-linearity error ±3I4lSB and ±1lSB max 
• Low harmonic distortion 0.01 % 
• No missing codes 
• Self calibrating-maintains accuracy over time and 

temperature 
• Inputs withstand 17Vl beyond supplies 
• Data transfer options-interrupt, DMA, or polling 
• 13-bit result for 16-bit bus interface 
• Standard 28-pin DIP 

PIN CONNECTIONS 

ML2233 
28-PIN DIP 

AGNO AVec 

VIN+ CLK 

VIN- WR 

lID 

C5 
AO 

SYNC 012 

OIl 

DGNO 

D9 

D. 08 

07 

06 DVcc 

TOP VIEW 

2-72 "Micro Linear 



PIN DESCRIPTION 
.. 

PIN NO. NAME FUNCTION 
AGND Analog grou nd. 

2 VIN+ Positive differential analog input; 
range = VSSSVIN + sAVee, 
l(vlN +) - (vIN-)1 SVREF· 

3 VIN- Negative differential analog input; 
range=VSSsVIN- sAVee, 
I(VIN +) - (VIN -)1 SVREF. 

4 VREF Voltage reference input; referenced 
to analog ground. 

S Vss Negative power supply; decouple to 
AGND. 

6 DAV Data available; indicates a conver-
sion has completed and data is a\iail-
able or calibration completed. 

7 SYNC In the slave mode, SYNC is a positive 
edge triggered input used to start 
aconversion. In master mode, SYNC 
is an output and indicates conversion 
start. 

8 DO Bidirectional data bit. 
9 D1 Bidirectional data bit. 
10 D2 Bidirectional data bit. 
11 D3 Bidirectional data bit. 
12 D4 Bidirectional data bit. 
13 DS Bidirectional data bit. 
14 D6 Bidirectional data bit. 
15 DVee Digital power supply. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltages (AVcc and DVcd .............. , .. , ... 6.0V 
Negative Supply Voltage (Vss) ..... , ................. -6.0V 
Voltage at Analog 

Inputs ..... , ....... "., ...... , ..... Vss-7V to AVec + 7V 
VoltageatVREF ., ............ , ........ Vss-7Vto AVee+7V 
Input Current per Digital Pin, ...................... ± lOmA 
Input Current at Analog Inputs, .... , ......... ' ....... ± 20m A 
Storage Temperature Range .... , .......... -65°C to + 150°C 
Package Dissipation@25°C ....................... 875mW 
Lead Temperature (soldering, 10 seconds) 

Dual-In-Line Package (Ceramic) .................. 300°C 

ML2233 

PIN NO. NAME FUNCTION 
16 D7 Bidirectional data bit. 
17 D8 Bidirectional data bit. 
18 'D9 Bidirectional data bit~ 
19 DlD Bidirectional data bit. 
20 DGND Digital ground. 
21 D11 Bidirectional data bit. 
22 D12 Bidirectional data bit. 
23 AO Address for the microprocessor inter-

face to access registers. 
24 CS Chip select; enables writingto or 

reading from. 
25 RD Read; enables ML2233 to drive data 

bus. 
26 WR Write; allows writing into the 

registers. 
27 ClK Clock input. Driven with an exter-

nal clock or crystal referehced to 
DGND. The crystal must be. parallel , 

II resonant with minimum capacitive 
loading. (i.e., no bypass Caps should 
be used and leads should be kept 
short.) 

28 AVee Positive analog power supply. 
Decouple tl:iAGND. Tieto 
DVee from sam.e 
power supply. 

OPERATING CONDITIONS (Note 2) 

Temperature Range, ..................... : ........ O°C to 70°C 
Supply Voltage (AVec and DVed .......... 4.5Voc to 6.0VDC 
Negative Supply Voltage (Vss) ........... -4.5VDe to -6.0Voc 
Reference Voltage (VRE~) ............................... 2.60V 
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ELECTRICAL CHARACTERISTICS' 
The following specifications apply for AVec = DVee= 5V ± 5%, Vss = -5V:± 5%, VR~F = 2.500V, VIN-.= t\GND, 
VIN+' = -2.5V to,+2.5V,TN= T~IN to TMAxuriless oth'e.wlse specified. ..' .";, .•.. 

CONDITIONS 

Con rte Characteristics ve r .. .' ; '.~ I 
.. ' 

., 

Linearity Error . "- ~'.'- .' '.' ,. 
ML2233BCJ 4 fCCLK s 0.1 :s; 7MHz ±3f.o LSB 
ML2233CC) fCCLK = 0.1 :s; 7MHz ±1 LSB 
ML2233DCJ fCCLK .. 0.1 :s; 5MHz ",' , ±1 LSB 

Unadjusted Zero Er;br' 
., 

ML2233BCJ 4 ±3,4 LSB 
ML2233CCJ ±2 lSB 
Ml2233DC) ±2 LSB. 

Unadjusted Positive and NegatiVe' 5 ±4 lSB 
Full Scale Error .'. 

Zero Error Temperature Coefficient " .0.5 ppm/oC 

Ga]n Temperature Coeffici~nt" ~,,, ; 10 ppm/oC 

Commqn-Mode ~ejecti~n . 5,6 . " .. 80 dB 

Analog Input Source Resistance 5 2 kO 

Analog Input Ra!)g~,'; ,. 4 VIN+ Referred to VIN- -VREF +VREF V 

Analog InpUt leak;1geCufr,el;1t. 4 100 nA 

Voltage Reference Il)1put 5 05 ill 
Source Impedance .. , 

, 

Referencelnpul:leakage Current 4 100 nl\ ... ' 

DIgital and DC Characteristics 

Power Supply Current , 
'. 'i ;.' 

50' Alco Analog VCC 4 30 rnA 
Dlco .Digital Vcc 10 /lA 
'ss>'Yss' ,Ii' o· o. ~>~~ 18 ;'" ',30 mA,« 

Power Supply Rejection 7 
AVcc ".' DC 80 .. ',~ . dB. 

nCto15kHz 
, ., , , 

50 dB'" 
Vss DC 80 dB 

OC to 25kHz 50 dB 

VILCLI(. . CIi>c~,Jnput low Voltage' .. ' '. 4' 0.8 V 

VIHCLI(. Clock Input High Voltage 4 3.5 AVcc V 

IL1' Input leakage. Current (ClK) 4' AGND :S": VIN :S;AVcc ±200 /lA 

VI.v Input low Voltage 4 0.8 V ., 
VIH, Input High Voltage 4 2.0 OVCC ·V 

VOv Output Low Voltage 4 1m = 2.0mA :,' 0.45 V 
VoH, Output High Voltage ..•.. " 

V 4 IOH = -400pA 2.4 
" ". 

Iv Input leakage Current (except CLK) 4 AGND:S; VIN :S;AVcc ±10 /lA 

IHI-z, Output Leakage Current (00-012) 4 RD = CS = VIH ±10 /lA 

C lf Input Cilpacitance (all digital inputS) 10 pF 

Co, Output capacitance 10 pF 
(outputs DO -to 012, SYNC and DAV) 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS UNITS 

K. Electrical Characteristics (Note 8) 

tc 

fCLKO 

tClKO 

fClK1 

tClK1 

tAD 

tAR 

tRA 

tRR 

tRo 

t1Z. toz 

tRY 

tROCK 

tAW 

tWA 

tww 

tow 

two 

tWRCK 

tCKDAV 

tSVNCCK 

tSVNCN 

tCKSYNC 

tSVNCO 

tWRDAV 

tRODAV 

t r, tf 

Note 1: 

Note 2: 
Note 3: 
Note 4: 
Note s: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 
Note 10: 
Note'11: 
Note 12: 
Note 13: 

'Note 14: 
Note 15: 

Conversion Time 4,9 CLK Mode = 0 fClK = 7.0MHz 31.5 J1S 
fClK = 5.0MHz 44.0 J1S 

Sample and Hold Acquisition 4,9 CLK Mode = 0 fCLK = 7.0MHz 2.3 J1S 
fClK = 5.0MHz 3.2 J1S 

Clock Frequency 5,9 CLK Mode = 0 Crystal,· 3 7 MHz 
Driven 1 7 MHz 

Clock Width -' 5,9 Driven High 50 ns 
(CLK Mode = 0) Low 50' ns 

Clock Frequency 5,10 Driven (CLK Mode = 1) 0.5 (Note 11) MHz 

Clock Width ,5,10 Driven High 125 ns 
, (CLK Mode - 1) Low 125 ns 

Address Stable to Valid Data 4 150 ns 

Address Stable Before Read 4 0 ns 

Address Hold After Read 4 0 ns 

Read Pulse Width 4 150 ns 

Read Access 4 150 ns 

Data Read to Hi-Z 4 0 50 ns 

Recovery Between Two Reads 5 250 ns 
or Writes 

Read to Clock Setup Time 5,12 40 ns 

Address Stable Before Write 4 0 ns 

Address Hold After Write 4 0 ns 

Write Pulse Width 4 150 ns 

Data Setup Before Write Trailing Edge' " 4 100 ns 

Data Hold After Write Trailing Edge 4 0 ns 

Write to Clock Setup Time 5, 12 40 ns 

Clock to DAV Assert 4,13 Cl = 50pF 120 220 ns 

SYNC Input to Clock Setup 5,12 40 ns 

SYNC Input Width 5 (ClK Mode = 0) 6' 1/fclKO 
(CLK Mode = 1) 3 1/fclK1 

External Clock to SYNC Output Delay 5,13 Cl = 50pF 150 200 ns 

SYNC Output Pulse Width 5,13 (ClK Mode = 0) 8 1/fclKO 
(CLK Mode = 1) 4 1/fClK1 

Write Reg2 to DAV Rising Edge 4,14 Cl = 50pF 170 ns 

Read RegO to DAV Rising Edge 4,15 Cl = 50pF 170 ns 

Rise and Fall All Inputs 25 ns 

Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Devices are 100% tested with temperature limits guaranteed by 100% testing, sampling or by correlation with worst-case test conditions. 
Typicals are parametric norm at 2S°C. ' 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 
Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
All parameters measured from' 0.8V to 2.0V, Cl = l00pF. 
CK1X bit in control regist!'r = O. 
CK1X bit in control register = 1." , ' . 
Maximum frequency is 1/tClKJ (high) + telK1 (low) + rise + fall times and,:S 3.SMHz. 
Setup time required for synChronous start of conversion. -
In CLK mode ,- 0 (CK1X bit in control regiSter = 0) start of conversion will occur at specified time; or time plus one fClKO period (see 
~~~ , . --, 
Writing a control register bit 0 with a one will ackn()wledge the DAV condition and de-assert DAV output. 
In start mode = 1, a read from location "0" will start the next conversion and de-assert the DAV output. 
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TIMING DIAGRAMS 
lAD - tRA 1"'-

AD,es 
c"" ) '" l( ." 

iID 

i+---IAR- IRR -, 
j? 

• IRV • _IRD~" - '~I;Z'IOZ 
DATA BUS HIG",Z ) VALID l( HIGHZ , 

Figure 1. Re.ad Cycle 

M,O 

DATA BUS INVALID INVALID 

WI! 

\----IRV _ tww----~~ 

':"'~ : .. 
Figure 2. Write Cycle 

CLI(, MODE· 1 

CLI(, MODE· D 

DAV 

WR 

CLI(, MODE-I \'---'--_ ...... 
CLI(, MODE - 0 

I),W 

iID 

"SECOND"BYTE 

DAV IS SET AND CLEARED BYINTERNALCIlICUITRY. 
NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THISOPEKATION. 

" " . 

Figure 3. Data Available 

",y' 'x 

Figure 4~SYNC Output' 
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TIMING DIAGRAMS (Continued) 

START OF CONVERSION 

CLK 

(NOTEr 2.;,.) ___ ", 

. (NOTE 1) _--'-_-I] 

START OF CONVERSION 
(NOTE 3) 
I~--"", 

ML2233 

.~ 

.-, ___ ~_I:!---+j. __ _ 
~_1_-------tSYNCN_'____r__ ---l ' 

WI! 
(START MODE 0) 

iW 
(START MODE 1) 

NOTES: 
1. CLK IS THE CLOCK DRIVEN ATTHE CLOCK PIN. 

TO 

2. IN CLKMODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 
3. IN CLK MODE 0, WILL OCCUUITHERAT TO OR TlIF SETUP TIMES ARE MET. 

I 
T1 

Figure 5. Synchronous Start of Conversion (Start Mode 0,1,3) 

BLOCK DIAGRAM 
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Figure 6. Block Schematic Diagram 
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FUNCTIONAL DESCRIPTION 

ALGORITHMIC AID CONVERTER 
Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successi've 
approximation converters use a DAC to feedback the ap
proximated signal, however tbis technique requires more 
circuitry than algorithmic converters. In addition the val
ues of all of the resistors or capacitors in the QACmust be . 
matched to within the accuracy of the converter. This is . 
difficult todo in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro linear's algorithmic qmverter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference volt
age is subtracted from the 2x input voltage. rhe remainder 
is stored in the sample and hold . .If the 2x input voltage is 
less than the reference; the MSB is a 0 and the 2x input 
voltage is stored in the sample and hold. This process re
peats again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x VIN) - VREF ;::: 0 

Step 2 

Step 3 

thenMSB = 1 
(2 x VIN) - VREF-S/H 

else MSB = 0 
.. (2 x VIN)-S/H 

If (2 x S/H) - VREF ;:: 0 
then next bit = 1 

(2 x S/H) - VREF-S/H 
else next bit = 0 

(2 x S/H)-SlH 

Repeat Step 2 until conversion complete. 

Since the AID converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 
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Figure 7. Self Calibrating AiD Converter 

SELF CALIBRATION·'· 
In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled be
fore each conversion using aut9-2:eroing circuitry on both 
the sampling amp and the 2x amp. The gain of the loop is 
adjusted using self calibration; 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (VREFIVREF), and examining the output code .. 
Converting VREF should yield plus full scale, since VREFi 
VREf s.hould equal 1. Ifthe gain.ofthe loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", 
the gain may be too great, therefore the gain is reduced to 
.the point where thethreshold'Ofthe LSB is reached. 

Adjustment of the. 2x, gain is done with the binary 
weighted trim capacitor arrays connected to each ofthe 
2C input capacitors. A small value of capacitance is eithe~ 
added to or subtracted from the 2C input caps until the 
gainofthe loop is within 13 bit accuracy of 2. 



FUNCTIONAL DESCRIPTION (Continued) 

CONVERSION TIMES 
The following table lists the conversion times which in- , 
clude the sample and hold acquisition time. For a CALRD 
and CALWR no AID conversion actually takes place. 

OPERATION 
8 bit AID 
13 bit AID 
CALWR 
CALRD 

# OF INTERNAL CLOCKS' 
80 
110 
52 
80 

SAMPLE AND HOLD TIMING 
Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of Conver
sion" and the input channel going into sample mode is 
fixed at 6 internal clocks', regardless of the Start Mode. Six 
internal clocks after the;! Start of Conversion the Sample 
and Hold is switched into the sample mode, placing two 
9pF capacitors in parallel with the inputs pins; one on 
VIN + and one on VIN -. The sample switch is kept in the 
sample mode for 8 internal clocks (2.3JLs at a 7MHz ex
ternal clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample and hold is 
transferred into the AID, after which the VREF pin is sam
pled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in Mas
ter Mode during a conversion (MIS = 1 Control register) 
and Start Mode 0, 1 ,or 2. SYNC is activated one internal 
clock cycle after the Start of Conversion and lasts for four 
internal clocks. 

'For a description of internal clocks see Clock section, 

EXTERNAL 
CLOCK 

(ClK MODE 0) 
I 

ML2233 

ANALOG INPUTS 

DIFFERENTIAL INPUTS AND COMMON MODE 
REJECTION 
The differential inputs of the ML2233 eliminate the effects 
of common mode input noise (60Hz for example), as 
VIN + and VIN - are sampled at the same time. 

NOISE 
The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

POWER SUPPLY DECOUPLING 
Low inductance tantalum capacitors of lJLF or greater 
and O.OlJLF disc ceramic capacitors are recommen'ded for 
bypassing AVcc as well as Vss to AGND. These capacitors 
should be placed close to theAVc;c and Vss pins. 

MICROPROCESSOR,INTE RFACE 
There are two 13-bit directly addressable registers; a Data 
Buffer register and a Control register. The data buffer regis
ter provides the conversion results. The data register is 
double buffered, allowing one result to be read while the 
next sample is being converted. The data register also al
lows access to the algorithmic converter's calibration 
code. Normally the ML2233is operated Without ever ac: 
cessing these registers. (Refer to Diagnostics for more 
information). The Control register provides complete con
trol and status information. The two registers are ad
dressed by pin AO. 

I I I 
INTERNAL 

ClOCK 
OR (ClK MODE 1) 

I 
1, 6 I 7 9 10 11 12 13 14 I 15 16 I 17 18 19 20 21 22 23 24 I 25 26 

I 
I 

SYNC PIN I 
(MASTER MODE) __ -+---' 

t 
START OF CONVERSION 

I 
I 
I 

I I 
I----------SAMPLING INPUT-------l 

Figure 8. Sample and Hold Timing 

'Micro Unear 

I 
I 
I 

I I 
\.-- SAMPLING REFERENCE-+! 
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FUNCTIONAL DESCRIPTION (Continued) 
';i:- ,. 

All data is returned from the converter 1ntWo's comple
ment format. . 

Cycle 
13 
8 

+Ma~ 
OFFF' 
007F 

-Min 
1000 
1F80 

REGISTER DESCRIPTION 
Register O-Data Buffer: 

Zero 
'.: 0000 

0000 

Register 0 contains the results of the latest conversion 
when read. Depe'riding orl-the Start Mode selected, read
ing or writing to this register may start the next 
conversion. . , , 

Register l-CONTROL Register: 

Bit 0 (DAV status when READ/DAVACK acknowledge 
when a ONE is'written): ': 
Reading DAV = 1 indicates that new data is available or a 
calibration is complete. DAV will be tfeared automatically 
when the data is read. Thi~ b,it gan,be explicitly,acknowl
edge~ writing a ONE to it; writing a zero has no effect. 
TheDAV output pin aI-Nays reflects the DAV status bit. 

READ 
12 11',. 10 9 ~ 

DATA BUFFER REG I 13·BITCONVERTEODATA 

TE5.YMODE 

. MASTER/SLAVE 

SHORT CYCLE 

ADDRESS ... 

00: START IF REGO IS WRITIEN 
01: START IF REGO IS READ 
10: CONTINUOUS CONVERSIONS 

AFTER REGO IS ~RITlEN 
11: START If.S:VNC GOES HIGH 

0: fCL ... 0, elK DIVIDED BY 2 INTERNALLY (qEFAuln 
MAXIMUM INPUT CLOCK FRfQUENCY IS 7MHz. 

1: felK '" 1, eLK DRIVES INTERNAL LOGIC DIRECTLY 
MAXIMUM INPUT CLOCK FREQUENCY IS 3.5MHz. 

Bit 1 (BUSY status when READ/RESET when aONEis" 
written): ' ,,' ,'. 
Reading BUSY =.1 indicates that a conversion or:.calibra-· . 
tion is in progress; Writing a ONE will force a chip reset. 
Writing a zero has no effect. . 

RESET Default Conditions: 

The Control register will automatically be cleared. The 
Data Buffer register will be unchanged. The Calibration 
register is not cleared after a reset, however th'e ADRDY 
bit is cleared. Since the DAV status bit is cleared, the DAV 
output is inactivated (high). The SYNC pin is forced to be', 
an input as a result of clearing the M/S qit in the Control 
register. 

Bit 2 (ADRDY status when READ/DOtAL request when a 
ONE is written): 
Reading ADRDY=O indicates thatthedmverterhas not 
been calibrated since the lastreset, and'ADRDY =1 indi
cates thalit has been calibrated since the last reset .. 
Writing a ON E will force the converter to do a calibration; 
writi hg a zero has no effect'. . 

WRITE· 
12 11 10 9 ,7 3 . 

'--____ C_AL_C_OD_';;.H;,;.O""LD""N,;.:G;.;;R""'G""IS""TE"'R ____ ---'I f::~1~~'ci~'()N 

WRITING 1 
ACKNOWLEDGES DAV 

SHORT CYCLE 0= 13-BIT, l .. B-BIT 

START MODES 

000: NORMALAlDCONVERSION 

0: SlAVE Mom, SYNC ISAN INPUT (l)EFAULn' 
1: MA~TER MODE, SYNC IS AN OUTPUT 

Figure 9. Register Description 
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FUNCTIONAL DESCRIPTION (Continued) 

Bit 3 (SC: Short cycle select): 
Selects 8 or 13 bit conversions. 

SC - 0: 13-bit conversion (default) 
SC -1: 8-bit conversion (short cycle) 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 
00 

01 
10 

11 

Start Conversion upon writing to register 0 
(default) 
Start Conversion upon reading register 0 
Start Continuous Conversions upon writing to 
register O. 
Start on external SYNC input going high 
(Requires Slave mode: MIS-D) 

Bits 7,6 (reserved): 
These bits are reserved by Micro Linear and must be writ
ten as zero. 

Bits 10,9,8 (TMDE: test mode select bits) 

These bits are used for diagnostic purposes only and nor
mally not accessed during operation. The default value of 
TMDE is 000 which selects a normal AID conversion. See 
Diagnostics for more information. 

TMDE 
000 
001 
010 
011 
100 
101 
110 
111 

Description 
Normal ND Conversion 
Reserved by Micro Linear (Do Not Use) 
CAL WR Operation 
CAlRD Operation 
System Offset 
Common-mode 
Plus Full Scale 
Minus Full Scale 

ML2233 

Bit 11 (MIS: MasterISlavebit): 

Dictates whether the SYNC pin is an input or an output. 
Upon RESET, this bit is cleared. 

M/S-O: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE-l1. 

MIS -1: Master Mode SYNC is an output. At the begin
ning of every conversion, SYNC 
is high for 4 internal clocks. 

Bit 12 (CKl X: clock select bit): 

Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section for 
a detailed explanation. 

CK1X-0: the external clock is divided by 
two and used as the internal 
clock. This is referred to as ClK 
Mode-O. 

CK1X-l: the external clock'input is used 
directly as the internal clock. 
This is referred to as ClK 
Mode-l. 
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Ml2.233 

FUNCTIONAL DESCRIPTION (Continued) 

GENERAL OPERATING INFORMATION 
CONVERSION-START PROTOCOL 
There are four different ways to start a conversion. They 
are defined bySMDE bits 4 and5,in the Control Register. 

SMDE 
Bits 5,4. 

00: A write to register 0 will start a conversion. During 
a conversion, if another,write is issued to register 
0, the "Start Conversion" command will be 
latched and another conversion will immediately 
follow the current one. To insure that the second 
write will be latched, it must occur at least 3 in
ternal clocks after the first write. Only one addi
tional write will be latched; multiple writes within 
a conversion will only yield one more conversion. 

01: Reading the data from the previous conversion 
starts the next conversion. 

10: This mqdetauses continuous conversions; the 
next conversion begins.immediately after the 
previous conversion ends. Writing to register 0 
will start the first conversion; thereafter the con
verter runs continuously. This mode yields the 
maximum conversion rate. 

11: The SYNC input triggers the start of a conversion. 
The MIS bit in the Control Register must be 
cleared, placing the chip in the slave mode. 

Note: The external activation signals for Start Modes 0, 1, 
and 3 are synchronized internally to the system clock. If 

periodic sampling is required using these Slart Modes, the. 
SYNC, RD, or WR pulses must be syncluonized tothe sys- . 
tem clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 
The AID conversion result is double-buffered using the 
Data Buffer register and the AID Data register. The actual 
End-Of-Conversion (EOC) does not cbhespond with the 
DAv output going low. The DAV output goes low 16 in-. 
ternal clocks after the EOC. From the time DAV output 
goes lOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal docks to read the 
data as shown in Figure 10. . 

SELF CALIBRATION 
Setting the DOCAl bit issues a calibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the i5AV output goes low. . 

A calibration requires 8,260 internal clocks. Using a 7MHz 
clock (ClK Mode ~ 0), this is approximately 2 ms. Power 
supplies and external vqltage referenCE! must be stable be
fore issuing a request for calibration. . 

The Ml2233 should be calibrated bef()re any conversions 
are attempted. Calibrations must not be performed si
multaneously with conversions. Before requesting a cali
bration, the user may want to read the Busy status bit to 
make sure thatthe converter is idle. Polling the chip while 
the calibration is .in progress is not recommended. 

START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 

~CONVERSION ltCONVERSION 2---<+-'CONVERSION 3---+-

I DATA 1 AVAILABLE DATA 2 AVAILABLE 

Figure 10 
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FUNCTIONAL DESCRIPTION (Continued) 

CLOCK 
The Ml2233 has the option of dividing the clock at the' 
ClK pin by 2, or using it directly to drive the internal logic. 
This option is selected through the CK1 X bit in the Control 
register. When CK1 X= 0 the clock is divided by 2. This is 
referred to as ClK Mode=O. The clock at the ClK pin is re
ferred to as the External clock, and the Internal Clock is 
the External clock divided by 2. When CK1 X -1, the clock 
at the ClK pin drives the internal logic directly, therefore 
this clock is referred to as the I nternal clock. This is also 
known as ClK Mode= 1. All intern'ally clocked logic is 
positive edge triggered. 

CLKMode=O: 
There are two advantages to ClK Mode O. This is the only 
Mode that allows an external crystal to be used. ClK Mode 
1 cannot operate with an external crystal, the ClK pin 
must be driven. The second advantage of ClK Mode 0 is 
that the duty cycle for a driven clock is less stringent than 
in ClK Mode 1. (Refer to tClKO and tClKl in AC Electrical 
Characteristics for ClK Mode 0 and 1 timing requirements, 
respectively.) 

On power up the state of the divide by two flip-flop is in
determinate. Therefore the relationship between the in
ternal clock and the external clock at the ClK pi n can have 
one of two possibilities as shown in Figure 11. Asa result 
the following should'be considered. 

EXTERNAL 
CLOCK 

(ClK MODE ~ 0) 

INTERNAL 
CLOCK' 

ML2233 

tWRCK, tRDCK, and tSYNCCK specs, (REi, WR, and SYNC set
up times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an uncer
tainty of one external clock period. 

If periodic sampling is necessary and Start Mode 0,1, or 3 
is used, the external start pulse (either RD, W~, or SYNC) 
must be synchronous to the external clock, Il)eet the setup 
time, and be an even number of external clack periods. If 
the start pulse were an odd number of external clock peri
ods, half the pulses would correspond with the rising edge 
of the internal clock, and the other half wou Id correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the ClK mode. 

elK Mode = 1: , 
This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. ClK Mode 1 also eliminates the un
certainty of the tWRCK, tRDCK, and tSYNCCK requirements. 

4 

'INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN ClKMODE ~O 

Figure 11 
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FUNCTIONAL DESCRIPTION (Continued) 

DIAGNOSTICS 
Diagnostic routines may be run after power up or any,; , 
other time to ensure proper operation. The diagnostic fea
tures, which are software selectable, don't require ex
ternal hardware. Both the analog and digital sections can 
be tested. 

The ML2233 is placed in the diagnostiC mode via the 
TMDEfield in the Control Register. Once theML2233 is 
placed in one of the diagnostic modes, a conversion must 
be executed before the results can be read. As with all 
conversions, DAV will be activated upon completion. 

ANALOG CONVERSION DIAGNOSTICS, 
TMDE=OOO: Normai Operation 
Selects normal AID conversion. Default condition after a 
software reset. 

TMDE =001: Reserved by Micro Linear. 

TMDE =01 0: CALWR operation 
The data in Write register 0 (CALCODE Holding Register), 
is transferred into the converter's Calibration register 
when a "Start Conversion" is issued. A dummy conver
sion occurs and the DAV output goes LOW to indicate that 
the operation is complete. 

TMDE = 011: CALRD operation , 
The contents of the Calibration register are transferred 
through the AID Data'register and loaded into the Data 
Buffer (egister. A dummy 8~bit conversion occurs and DAV 
output goes LOW to indicate that the CALRD operation is 
complete. 

TMDE = 1 00: System Offset 
, The positive and negative inputs to the Sample and Hold 

are tied to analog ground. With this setting, converted, 
data will,give the offset of the AID converter and Samplel 
Hold combination. The VIN + and VIN - pins will remain, 
in a high impedance state while, in this mode. 

TMDE = 101: Common-mode 
Both the positive and negative inputs of the Sample and 
Hold are tied to VREF. The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE = 110: Positive Full Scale 
This test mode connects, the positive inputofthe Sample 
and Hold to VREF and the negative input of the Sample and 
Hold to analog ground. The result of converting in this test 
m?de is a value near positive full scale. 

TMDE= 111: Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to VREF. 
The result of converting in this test mode is a value near 
negative,full scale,. 

DIGITAL LOOPBACK 
The ML2233's architecture prevides a way.for the micro
processor to indirectly read and write to the AID 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digitalloopback. 

r----------------T-----------l 
1 REGISTERS 1 AID CONVERTER 1 

1 AOWKRDCS 12 0 1 1 
I 0 0 1 0 1 I 
1 1 
1 1 

I I 
1 1 
I 1 
I AO WR KD cs I 
1 0 1 0 0 1 1 
L ________________ ~ ___________ ~ 

Figure 12. Digital LDopback 
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FUNCTIONAL DESCRIPTION (Continued) 

When the TMDE bits are settoOl0 CAL WRITE (CAlWR), 
and a Start Conversion is issued in anyone of the four 
modes, the contents of the CAlCODE Holding register is 
transferred into the AID converter's Calibration register. 
When the TMDE bits are set to 011 CAL RtAD (CAlRD), 
and a Start Conversion is issued, the contents of the 
Calibration register are transferred through the ND's 
Data register into the Data Buffer register. The result of 
these two operations is a complete loopback from the 
CAlCODE Holding register through the AID converter 
and back into the Data buffer register. This loopback pro
vides user assurance that all the paths are clear and there 
are no stuck bits. . 

Note: When a CAlWR is done, the previous calibration 
value is lost. The correct calibration value mU,st be re
stored before the converter is used to convert data. 

CALIBRATION PASS/FAIL TEST 
The CAlRD can be used as a way to verify a successfu I 
calibration. After a calibration is completed, the CAlRD 
may be issued in order to read the contents of the Calibra
tion register. If the low Byte (lower 8 bits) of the data 
buffer register are ones after executing,a CAlRD, the cali, 
bration failed; otherwise the calibration is successful. 

ML2233 
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Ml.2233 
" ,. 

AI 

AS cs 
VMA AO ..,'SV 

VPA 

DTACK 
68000 RIW 

iID 
>, 

WR 

IPLO 1+--------------1 

DATA BUS 

i' , .. 

Figure 13. I nterfacing to 68000 Microprocessor 

BID. 
DIS 
DO 

iID Riw 

-5V STRB 
+ 2.SV EXTERNAL VREF WR 

REFERENCE 
TMS32OC2S 

lGND: 
ML2233 

AIS 
DGND 

cs AI4 

VIN+ 
A13 

ANALOG{~ is 
INPUT, V'N- X2/CLKIN 

1 READY = 
CLK 

AO AO XI 

= I 

Figure 14. Interfacing to TMS320C25 Digital Signal Processor 



ML2233 

ORDERING INFORMATION 

MAXIMUM MAXIMUM TOTAL MINIMUM 
PART NUMBER LINEARITY ERROR UNADJUSTED ERROR CONVERSION PACKAGE 

. ML2233BCj'· ±3A LSB ±1Y2 LSB 31.5ps Hermetic DIP (J28) 
ML2233CC) ±1 LSB ±2Y2 LSB 31.5ps Hermetic DIP ()28) 

.ML2233DC) ±1 LSB ±2Y:z LSB 44.0J.lS Hermetic DIP ()28) 
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IJP'Compatjble 8~BitA/ D Converters 
with 2- or8-Channel Multiplexer 

GENERAL DESCRIPTION 
The ML2252 and ML2259 combine an 8-bit AI D converter, 
2- or 8-channel analog multiplexer, and a microprocessor 
compatible 8-bit parallel interface and control logic in a sin
gle monolithic CMOS device. 

Easy interface to microprocessors is provided by the latched 
and decoded multiplexer address inputs and a double buf
fered three-state data bus. These analog-to-digital converters 
allow the microprocessor to operate completely asynchron
ous to the converter clock.' 

The built in sample and hold function provides the ability to 
digitize a 5V, 50kHz sine wave to 8-bit accuracy. The differ
ential comparator design provides low power supply sensitiv
ity to DC and AC variations. The voltage reference can be 
externally set to any value between ground and Vee, thus 
allowing a full conversion over a relatively small span if de
sired. All parameters are guarant~ over temperature witha 
power supply voltage of 5 V ± 10%. 

The device is suitable fora wide range of applications from 
process and machine control to consumer, automotive, and 
telecommunication applications. 

BLOCK DIAGRAMS 

FEATURES 
• Co.nversio.n time (fCLK = 1.46 MHz) 6.6/-1s 
• Total unadjusted error ± 1/2 LSB or ± 1 LSB 
• No. missing co.des 
• Sample and ho.ld 39005 acquisitio.n 
• Capable o.f digitizing a 5\1, 50kHz sine wave 
• 2- or 8-channel input multiplexer 
• OV to. 5 V analo.g input range with single 5 V power 

supply . 
• Operates ratio.metrically Dr with up to. 5 V vo.ltage 

reference 
• No. zero. or full scale adjust required 
• Analo.g input pro.tectio.n 25mA (min) per input 
• Co.ntinuo.us co.nversio.n mo.de 
• Low powerdissipatio.n . 15mW MAX 
• TIL and CMOS compatible digitalin puts and o.utputs 
• Standard 20-pin or 28-pin DIP or PCC 
• Temperature rangeO°C to. + 70°C, 

Dr - 40°C to. +85°C, 
Dr -55°C to. +125°C 

ML2252 

·CHO 

CHl 

2-88 
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? 

AODRESS 
lATCH 
AND 
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BLOCK DIAGRAMS (Continued) 

CHO 

CHI 

CH2 
CH3" 

CH4 

CH5 

CH6 

CH7 

8-CHANNEl 
MULTIPLEXER 

ADDRESS 
LATCH 
AND 

DECODER 

ADDREsS AO Ai A2 GND 
LATCH 

ENABLE 

PIN CONNECTIONS 

ML2252 
20-Pin DIP 

eHl CHO 

START ADDRO 

EOC ALE 

D83 D87 

OE DB6 

ClK D8S 

Vee DB4 

+VREF D80 

GND -VREF 

DBI DR2 

TOP VIEW 

ML2252 
20-Pin PCC 
START CHO , 

EOC I CHI I ADDRO 

2 1 20 
DB3 4 ALE 

OE D87 

CLK 6 DB6 

Vee D8S 

+VREF 8 DB4 
9 10 11 12 

GND I D82 I DRO 
DB1 -VREF 

TOP VIEW 

ML2259 

Vee 

I 

Ml2252, ML2259 

,-----00 START 

DRO 

DB1 

DB2 

DB3 
DB4 

DBS 

DB6 

DB7 

+VREF, -VREF 
OUTPUT 
ENABLE 

CH3 

CH4 

CH5 

CH6 

CH7 

STARf 

EOC 

DB3 

OE 

ClK 

Vee 

+VREF 

GND 

DBI 

ML2259 
28-Pin DIP 

TOP VIEW 

ML2259 
28-Pin PCC 

CHS CH3 CHI 

CH2 

CHI 

CHO 

ADORO 

ADDRI 

ADDR2 

ALE 

DB7 

DB6 

DBS 

DB4 

DRO 

-VREF 

DR2 

CH6 I CH4 CH2 I CHO 

4321282726 

CH7 25 ADDRO 

START 6 

EOC 

D83 

OE 

CLK 10 

Vee 11 

24 ADDRl , 
23 ADDR2 

22 ALE 

21 DB7 

20 D86 

19 D8S 
12 13 14 15 16 17 18 

IGND 1 D821 DRO 1 
+VREF DB1 -VREF DB4 

TOP VIEW 
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ML2252, ML2259 

PIN DESCRIPTION 
PINt 

ML2252 ML2259 

2 
3 

4 
5 

6 
7 
8 
9. 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
1 

1 
2 
3 
4 
5 
6 
7, 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 

NAME., ,. 

CH3 
CH4 
CH5 
CH6 
CH7 

START 
EOC 

DB3 
OE 

CLK 
Vee 

+VREF 
GND 

,DB1 
DB2 

-VREF 
DBO 
DB4 
DB5 
DB6 
DB7 
ALE 

ADDR2 
ADDR1 
ADDRO 

CHO 
CH1 
CH2 

FUNCTION 

Analog input 3. 
Analog input,4. 
Analog input 5. 
Analog input 6: 
Analog input7. . 
Start of conversion, Active. high digItal input pulse initiates conversion. 
End of conversion. This output goes lOw afteraSTAR~ pulse occurs; stays low for 
the entire AiD conversion, arid goes high after conversion is completed. Data 
on DBO-DB7 is valid on rising edge of EOC and'st;l.Ys valid until next EOC rising 
edge. ' ; 
Data output 3. 
Output enable input. When OE-O, DBO-DB7 are in high impedance state; 
OE -1, DBO-DB7 are'active ·outputs. 
Clock. Clock input provides timing for AID converter, S/H, and digital interface. 
Positive supply. 5V ±10%. 
Positive reference voltage. 
Ground. 0'1, all-analog and digital inputs or outputs are referenced to this point. 
Data output 1. 
Data output 2. 
Negative reference voltage. 
Data output O. 

. Data output 4. 

I' 

Data output 5. 
Data output 6. 
Data output 7. .. , 
Address latch enable. Input to latCh in the digital address (ADDR2-O) on the 
rising edge of the multiplexer. . . 
Address input 2 to multiplexer. Digital inputfor selecting analog input. 
Address input 1 to multiplexer. Digital input for selecting analog input. 
Address input 0 to multiplexer. Digital input for selecting analog input. 
Analog input O. 
Analog input 1. 
Analog input 2. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Notel) 

Supply Voltage, Vcc .......................... I ..... 6.5V 
Voltage . 

logic Inputs ....................... -O.3Vto Vcc +0.3V 
Analoglnputs ............ I." "" ,:, -O.3VtoVcc +O.3V 

Input Current per Pin (Note 2) I •••••••••• I • • • • • • • •• ±25mA 
Storage Temperature .:.; .... ; : .. ,> ...... ;' _ 65° C to +150° C 
Package Dissipation , 

atTA=25°C (Board Mount) ..................... 875mW 
Lead Temperature {Soldering 10 sec.) 

Supply Voltage, Vcc .. "':'" I •••••••••• I 4.5VDC t06.3Voc 
Temperature Range (Note 3) ... : ............ TMIN~TA~TMAX 

ML2252BMj, ML2252CMj .; .•.. I:', ...... -55°Cto +125°C 
ML2259BMj, ML2259CMj .. 
ML2252Blj,ML2252C1j ......... I • i.' .••••• -40°C to +85°C 

'ML2259Blj, ML2259C11 
ML2252BCP, ML2259BCP· ......... ~ .... I •••• bOCto +700t 
ML2252BCQ, ML2259BCQ I 

ML2252CCp, ML:2259CCP 
Dual-In-Lil)e Package (Plastic) "" I •••••••••••••• I. 260° C ML2252CCQ, ML2259CCQ 
Dual-In-Line Package (Ceramic) ................... 300° C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) I •••••••••••••••• I •••••••• 215°C 
Infrared (15 sec:) ....... I I ••• ," I ••• I •••••• I. I 220°C 
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'ML2252, ML2259 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified TA" TMIN to TMAX, VCC"'C+VREF=5V'±10%, - VREF=GND and fClK =1.46MHz. 

, ML22528, ML22598 ML2252C, ML2259C 

PARAMETER NOTES CONDITIONS MIN I' TYPI 
NOTE~ ,MAX MIN ,I TYP'I ' NOTE 4, MAX', UNITS 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 
Total Unadjusted Error 5,7 VREF=VCC ±'h ±1 LSB 

+VREF Voltage Range 6 -VREF Vcc+a.l -VREF Vcc+a.l V 

- V REF Voltage Range 6 GND-a.l +VREF GND-a.l +VREF V 

Reference Input 5 14 2.0 28 14 2.0 28 kQ 
Resistance 

Analog Input Range 5,8 GND-a.l Vcc+a.l GND-a.l Vcc+aJ V, 

Power Supply 6 DC ±1f32 ±'/4 ±'/32 ±'14 LSB 
Sensitivity Vcc=5V±lOOfo, 

loomVp:p ±'h6 ±'h6 LSB 
100kHz Sine on Vcc, 
vlN-a 

IOff' Off Channel 5,9 OnChannel-Vcc -1 -1 ,..A 
Leakage Cu rrent Off Channel -DV 
(Note 9) On Channel - a V 1 1 ,..A 

Off Channel - Vcc I 
IOn' On Channel 5,9 OnChannel-aV -1 -1 ,..A 
Leakage Cu rrent OffChannel-Vcc 
(Note 9) On Channel- Vcc 1 1 ,..A 

OffChanhel-aV 

SYMBOL PARAMETER CONDITIONS UNITS 

DIGITAL AND DC CHARACTERISTICS 

VIN (1) Logical "1" Input Voltage 5 2 . .0 V 

VIN(O) Logical "a" I n put Voltage 5 .0.8 V 

IIN(1) Logical "1" Input Current 5 VIN=VCC 1 ,..A 

IIN(O) Logical,"O" Input Current 5 VIN-OV -1 j.iA 

VOUT(1) Logical "1" Output Voltage 5 10UT= -2mA 4 . .0 V 

VOUT(O) Logical "a" Output Voltage 5 louT=2mA .0.4 V, 

lOUT Three-State Output 5 vOUT-av -1' ,..A 
Current 

VOUT-VCC 1 ,..A 

Icc Supply Current 5 1.5 3 mA 

AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) , 

tACO Sample & Hold Acquistion 1/2 l/fClK 

feLK ,Clock Frequen(:y 5 ,. ,'10 146.0 kHz 

Ie Conversion Time " .. ' 8.5 8.5+25ans . l/fclK 

SNR Signal to Noise Ratio VIN - 51 kHz, 5 V Sine. 47 dB 
fClK -1.46 MHz , .' 
(fSAMPllNG9!15akHz). Noise is Sum of 
All Nonfundamental Components ,up 
to 1/2 of fSAMPLING 

THD Total Harmonic Distortion VIN .. 51 kHz, 5 V Sine. ' , ," .. ," , -60 dB 
fClK =1.46MHz ,.,' 

(fSAMPLlNG9!15akHz). THD is Sum of 
2, 3, 4, 5 Harmonics Relative to 
Fundamental 
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Ml2252,Ml~259 

ELECTRICAL CHARACTE RISTICS (Continued) .. 
Unless otherwise specified TA =TMlN to T MAX, Vee =+VREF ='5V\± 10%, ,- VREF =¢NDandfcLK ",,1.46MHz .. 

TYP 
SYMBOLSONDITIONS .NOTE 4 UNITS 

AC AND DYNAMIC PERFORMANCE CHARACTERISTICS (Note 10) (Continued) 

IMD Intermodulation Distortion VIN - fA +fB' fA - 49 kHz, 2,5 V Sine, ): '.' ..,60 ... ' dB 
.fB=47.BkHz,2.5V Sine, 
. fCLK -1.46MHz 

.. , (fSAMPLlNG~150kl:tz).IMD is,(fA +fB), , .' 

(fA-fB),(2fA+fB), (2f,..-f8), (fA+2fB), 
(fA -2fB) Relative·to Fundame~tal 

FR Frequency Response VIN -0 to 50 kHz. 5 V Sine Relative to '0.1 dB 
1kHz 

toc' Clock Duty Cycle 6,.11 40 60 %. 

tEOC End of Conversion Delay 5 '/2 '/2+250ns l/fcLK 

tws Start Pulse Width· 5 50 ns 

tss Start Pulse Setup Time 6,12 Synchronous 'only 40 ns 

tWALE Address latch Enable Pulse 5 50. ' .. ns 
Width 

ts Address Setup 5 0 ns 

tH Address Hold 5 50 ns 

tHI, tHO 'output Enable for DBo..DB7 6 Figure 1, CL=50pF 100 ns 

6 Figure 1, CL =lOpF 50 ns 

tlH, toH' 'output Disable for DBO-DB7 6 Figure 1, CL =50pF ; 100 ns 

6. Figure 1, CL", lOpF 50 ns 

CIN Capacitance of Logic Input 5 pF 

CoUT," Capacitance of Logic Outputs 10 pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are meaSu red with respect to ground. .' , . 
Note 2: Whenthe input voltage (VIN) at any pin exceeds the power supply rails (VIN < GND - 0.1 V or Vcc +0.1 V) the absolute value of current 
atthatpin should be limited to 25mA or less.·" . . , 
Note~: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 
-40°(:10 +65°C operating temperature range devices are 100% tested with temperature limits guaranteed byl00% testing, sampling, or by 
correlation with worst·case test conditions: , .' . 
NOte 4: Typicals a~para~~ric ~orm' at 25°C. 
Note 5:. Pilrameter guaranteed and 100°;'; production ·tested. , 
Note 6;, Pilrameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculatio~, 
Note 7:. TOtal unadjusted error includes offset, full·scale, linearity, multiplexer and sample and hold errors, 
Note 8;' For - VREF ~ VIN( +) the digital' output code will be 0000 0000, Two on-chip diodes are tied to each analog input-which '~iII forward 
conduct for analog input voltages one diode drop below.ground or one diode drop greater than theVccsupply: Be Careful, during testing allow 
VCC levels (4.5V), as high level analog inputs (5 V) cancauSe this input diode to conduct-espedallyat efevated temperatures, and cause errors 
fpr analog inputs near full~scale. The spec allows l00mV forward bias of either diode, This means thatas IonS-as the analogVIN or VREFdoesnot 
el<ceed the supply'voltage by more than 100m\!, theoutput code will be correct. To achieVe an absolute OVoc to 5Voc input, voltage range will" 
thereforerequirea minimum supply voltage of 4.900Voc over temperature variations, initial tolerance and loading, , 
Note 9: Lea~ge current i.s measured with the clock not switching. 
NOte 10: CL = 50 pI;, timing measured.at 50% point. 
Note 11: A 49% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available dock has a duty 
cycle outside' of these limits, the minimum time the clock is high or iheminimum time·theclock is,loW must be at least 40 ns. The maximum 
timethe clock can be hillh or low is 60).ls. .' . ' . . . '.' , 
Note 12: The conversion start setup time r€q~ire~ent only need's to be satisfied if a conversion must.be synchro~ized to a given clock rising 
edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse, 
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ML2252,ML2259 

TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 3. Linearity Error V5 VREF Voltage 

1.0 FUNCTIONAL DESCRIPTION 

1.1 Multiplexer Addressing 
The ML2252 and ML2259 containa.single ended an~log 
multiplexer. A particular input channel is selected by. using 
the address decoder. The rel;ltionship between the address 
inputs, ADDRO'ADDR2, and the analog input selected is 
shown in Table 1. The address inputs are latched into the 
decoder on the rising edge of the address latch signal ALE. 

Table 1. Multiplexer Address Decoding 

ML2252 

Selected Address 
Analog Channel Input 

CHO 0 
CHl 1 

ML2259 

Selected Address Input 
Analog Channel ADDR2 ADDR1 ADDRO 

CHO 0 0 0 
CH1 0 0 1 
CH2 0 1 0 
CH3 0 1 1 
CH4 1 0 0 
CH5 1 0 1 
CH6 1 1 0 
CH7 1 1 1 

1.2 AID Converter 
The AI D converter uses successive approximation to per
form the conversion. The converter is composed of the suc
cessive approximation register, the DAC and the comparator. 

I 
Vcc=5V 
VIN=OV 
ICLk = 10.4MHz 

1.5 TA=25°C -.. :a .. 
~ 
" 

\ 
"' I-

"' it 
0 

0.5 "'" "-~ -o 
o 

VREF(Vod 

Figure 4. Unadjusted Offset Error V5 VREF Voltage 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is com
posed of a capacitor upper array and a resistor lower array. 
The capacitor upper array generates the 4 MSB decision 
levels while the series resistor lower array generates the 4 LSB 
decision levels. A switch decoder tree is used to decode the 
proper level from both arrays. 
The capacitor t resistor array offers fast conversion, superior 
linearity. and accLiracy since matching is only required be
tween 24 = 16 elements (as opposed to 28 - 256 elements in 
conventional designs). And since the levels are based on the 
ratio of capacitorS to capacitors and resistors to resistors, the 
accuracy and long term stability of the converter is improved. 
This also guarantees monotonicity and no missing codes; as 
well as eliminating any linearity temperature or power supply 
dependence. 
The successive approximation register is a digital block used 
to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differential 
and auto zeroed. The fully differenti;ll architecture provides 
excellent noise immunity, excellent power supply rejection, 
and wide common mode range. The comparator is auto 
zeroed .at the start of each conversion in order to remove any 
,DCoff~ and full-scale gain error, thus improving accuracy 
and linearity. 

Another advantage of the capacitor array approach used in 
the ML2252 and ML2259 is the inherent sample-and-hold 
function. This true StH allows an accurate conversion to be 
done on the input even if the analog signal is not stable; 

'MicroUnear 



· ML2252,ML2259 

1.0 FUNCTIONAL DESCRIPTION (Continued) 

Linearity and accuracy are maintained for analog signals up 
to 1/2 the sampling frequency. As a result, input signals up to 
50 kHz can be converted without degradation in linearity or 
accuracy. 

The sequence of events during a conversion is shown in 
Figure 5. The rising edge of a START pulse resets the internal 
registers and initiates a conversion on the next rising edge of 
ClK providing that (tss) start pulse setup time is satisfied. If 
this setup time is not met, start conversion will have an un
certainty of one clock pulse. The input is then sampled for 
the next half ClK period until EOC goes low. EOC goes low 
on the falling edge of the next ClK pulse indicating that the 
conversion is now beginning. The actual conversion now 
takes place for the next eight ClK pu Ises, one bit for each 
ClK pulse. After the conversion is done, the data is updated 
on OBO-OB7 and EOC goes high on the rising edge of the 9th 
ClK pulse, indicating that the conversion has been com
pleted and data is valid on OBO-OB7. The data will stay valid 
on OBO-OB7 until the next conversion updates the data word 
on the next rising edge of EOC. 

\-~lIfClK 
CLK 

START 

AlE 

ADDRO-ADDR2 

IEOe 

A conversion can be interrupted and restarted at any time by 
a new START pulse. 

1.3 Analog Inputs and Sample/ Hold 
The Ml2252 and Ml2259 have a true sample-and-hold 
circuit which samples both the selected input and ground 
simultaneously. These analog to digital converters can reject 
AC common mode signals from DC-50 kHz as well as 
maintain linearity for signals from 0<:;-50kHz. 

The plot below (Figure 6) shows a 2648 point FFT ofthe 
ML2259 converting a 50 kHz, 0 to 5 V, low distortion sine 
wave input. The Ml2252 and Ml2259 sample and digitize at 
their specified accuracy, dynamic input signals with fre
quency components up to the Nyquist frequency (one-half 
the sampling rate). The output spectra yields precise mea
surements of input signal level, harmonic components, and 
signal to noise ratio up to the 8-bit level. The near ideal signal 
to noise ratio is maintained independent of increasing analog 
input frequencies to 50 kHz. 

---'..:'--".:....::::..!..-...., 
~ I 

DBO-DB7 -------~~~~~~~=-=-=-=-=P.~EV~IO~U=S-D=A=JA=~le===========:jt~. --D-'T-' --p 
OE 

----------------:---------------' I IH,IHO·I 1-
tlH, toH ..... 

Figure 5. TIming Diagram 

-10~------------------+_----·~----------~ 

-20~------~----------+_--~~----------~ 

-30r-----~------------+_----~----------__4 

~ -40~------------------+-----~----------~ 
'" § -50~___:----------------+-----~----------~ 
.... 
Z - 60 ~------------------+_----_*-----------

~ 

37.5 
FREQUENCY (kHz) 

Figure 6. Output Spectrum 
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M~2252, ML2259 

1.0 FUNCTIONAL DESCRIPTION (Continued) 

The signal at the analog input is sampled during the interval 
when the sampling switch is open prior to conversion start. 
The sampling window (51 H acquisition time) is one half ClK 
period long and occurs one half ClK period after START goes 
low. When the sampling sWitch closes atthe start of the SIH 
acquisition time, 8pF of capacitance is thrown onto the ana
log input. One half ClK period later, the sampling switch 
opens, the signal present at analog input is stored and con
version starts. Since any error on the analog input at the end 
of the 51 H acquisition time will cause additional conversion 
error, care should 'be taken to insure adequate settling and 
charging time from the source. If more charging or settling 
time is needed to reduce these analog input errors, a longer 
ClK period can be used. 

Each analog input has dual diodes to the supply rails, and a 
minimum of ±25m'A (±100mA typically) can be injected 
into each analog input without causing latch up. 

1.4 Reference 
The voltage applied to the +VREF and - VREF inputs defines 
the voltage span of the analog input (the difference between 
V1NMAX and VINMIN) over which the 256 PQssible output 
codes apply. The devices can be used in either ratio metric 
applications orin systems requiring absolute accuracy. The 
reference pins must be connected to a voltage source capa
ble of driving the reference input resistance, typically 20 k. 

In a ratiometric system, the analog input voltage is propor
tional to the voltage used for the AID reference. This voltage 
is typically the system power supply, so the +VREF pin can be 
tied to Vee and - VREF tied to GND. This technique relaxes 
the stability requirements of the system reference as the ana
log input and AI D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy, where the analog input varies be
tween specific voltage limits, the reference pins can be biased 
with a time and temperature stable voltage source. 

+VREF and - VREF can be at any voltage between Vee and 
GND. In addition, the difference between +VREF and - VREF 
can be set to small values for conversions over smaller 
voltage ranges. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sources 
when operating with a reduced span due to the increased 
sensitivity of the converter. 

1.5 Power Supply and Reference Decoupling 
A lO/-IF electrolytic capacitor is recommended to bypass Vee 
to GND, using as short a lead length as possible. In addition, 
with clock frequencies above 1 MHz, a 0.1 /-IF ceramic disc 
capacitor should be used to bypass Vee to GND. 

If REF + and REF - inputs are driven by long lines, they should 
be bypassed by 0.1 /-IF ceramic disc capacitors at the reference 
input pins (pins 12,16). 

1.6 Dynamic Performance 
Signal-ta-Noise Ratio 
Signal-to-noise ratio (SNR) is the measured signal to noise at 
the output of the converter. The signal is the rms magnitude 
of the fundamental. Noise is the rms sum of all the nonfunda-

mental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization prdcess;the more the levels, the smaller the 
quantization noise. The theoretical SNR for a sine wave is 
given by 

SNR - (6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal8-bit converter, 
SNR- 49.92dB. 

Harmonic Distortion 
Harmonic distortion is the ratio of the rms sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
ML2252 or Ml2259 are defined as 

(V22 + V32 + V42 + VS2)1/z 
2010g -

Vl 

where V1 is the rms amplitude of the fundamental and V 2, 
V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 

Intermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fA 
and fB' any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and difference 
frequencies of mfA + nfB' where m, n-O, 1, 2, 3 ... Inter
modulation terms are those for which morn is not equal to 
zero. The (lMD) intermodulation distortion specification 
includes the second order terms (fA + fB) and (fA - fB) and 
the third order terms (2fA + fB), (2fA - fB), (fA + 2fB), and 
(fA - 2fB) only. 

1.7 Digitallnterface 
The analog inputs are selected by the digital addresses, 
ADDRO-ADDR2, and latched on the rising edge of ALE. This 
is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START pulse. 
As long as this pulse is high, the internal logic is reset. 

The sampling interval starts with the following ClK rising 
edge after a START falling edge and ends on the falling edge 
of ClK. The conversion starts and EOC goes low. The sam
pling clock is at least one half ClK period wide. Each bit 
conversion in the successive approximation process takes 1 
CLK period. On the rising edge of the ninth ClK pulse, the 
digital output of the conversion is updated on the outputs 
DBO-DB7 and EOC goes high indicating the conversion is 
done and data on DBO-DB7 is valid. 

One feature of the Ml2252 and Ml2259 is that the data is 
double buffered. This means that the outputs DBO-DB7 will 
stay valid until updated at the end of the next conversion and 
will not become invalid when the next conversion starts. This 
facilitates interfacing with external logic of /-Ip. 

The signal OE drives the data bus, DBO-DB?, into the 
high impedance state when held low. This allows the 
Ml2252 and Ml2259 to be tied directly to a liP system 
bus without any latches or buffers. 

2 .. 96 'Micro Linear 



Ml2252, Ml2259 

1.0 FUNCTIONAL DESCRIPTION (Continued) 

1.7.1 Restart During Conversion 
If the AI D is restarted (start goes low and returns high) during 
a conversion, the converter is reset and a new conversion is 
started. The output data latch is not updated if the conversion 
in process is not allowed to be completed. EOC will remain 
low and the output data latch is not updated. 

vee 

1.7.2 Continuous Conversions 
In the free-running, continuous conversion mode, the start 
input is tied to the (Figure 7) EOC output. An initialization 
pulse, following power-up, of momentarily forcing a logic 
high level is required to guarantee operation. 

ML2252 
M12259 

START 

t11 .... E_O_C __ ....I 

Figure 7. Continuous Conversion Mode 

2.0 TYPICAL APPLICATIONS 
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Figure 8. Proteding the Input 
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Ml22S2, ML2259, 

ORDERING INFORMATION 

PART. NUMI!E R 

, -
ML2252BMj ±ihLSB 
ML2252Blj 
ML2252BCP 
Ml2252BCQ 
Ml2252Clj ±llSB 
Ml2252CCP 
Ml2252CCQ 

EIGHT ANALOG INPUTS, 28-PIN PACKAGE 
Ml2259BMj ± 1/2 LSB 
Ml2259BIj 
Ml2259BCP 
Ml2259BCQ 
ML2259C1j ±llSB 
ML2259CCP 
ML2259CCQ 

, 

TEMPERATURE 
RANGE 

-55°Cto +125°C 
-40°C to +85°C 

DOC to +70"C 
O°Cto +70°C 

-4O°Cto +85°C 
DOC to +70°C 
DOC to +70°C 

-55°Cto +125°C 
-40°C to +85°C 
O°Cto +700 C 
DOC to +70°C 

-40°C to +85°C 
DOC to +70°C 
DOC to +70°C 

PA<;KAGE 

HERMETIC DIP (J2b) 
HERMETIC DIP (rio) . 
MOLDED DIP (P:20) 
MOLDED PCC (Q20) 
HERMETIC DIP (j20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 

HERMETIC DIP (J28) 
HERMETIC DIP, (J28) 
MOLDED DIP (P28) 
MOLDED PCC (Q28) 
HERMETIC DIP (J28) 
MOLDED DIP (P28) 
MOLDED PCC (Q28) 



... Micro ~Linear 
ML2258 

ILPCompatible 8-Bit AID Converter 
with 8-Channel Multiplexer 

GENERAL DESCRIPTION 
The ML2258 combines an 8-bit AID converter, 8-channel 
analog multiplexer, and a microprocessor compatible 8-bit 
parallel interface and control logic in a single monolithic 
CMOS device. 

Easy interface to microprocessors is provided by the 
latched and decoded multiplexer address inputs and 
latched three-state outputs. 

The device is suitable for a wide range of applications from 
process and machine control to consumer, automotive, 
and telecommunication applications. 

The ML2258 is an enhanced pin compatible second 
source for the industry standard ADC0808/ADC0809. The 
ML2258 enhancements are faster conversion time, true 
sample and hold function, superior power supply rejec
tion, wider reference range, and a double buffered data 
bus as well asfasterdigitill tiin·ing. All parameters are 
guaranteed over temperature with a power supply voltage 
of 5V± 10%. 

BLOCK DIAGRAM 

FEATURES 
• Conversion tillie 6. 61's 
• Total unadjusted error± 1/2LSB or ± 1 LSB 
• No missing codes .. 
• Sample and hold 390ns acquisition 
• Capable of digitizing a 5V, 50kHz sine wave 
• 8-input multiplexer 
• OV to SV analog input range with single 5V 

power supply 
• Operates ratiometrically or with up to 5V 

voltage reference 
• No zero or full scale adjust required 
• Analog input protection 25mA per input min 
• Low power dissipation 3mA max 
• TIL and CMOS compatible digital inputs and 

outputs. 
• Standard 28~pin DIP or surface mount PCC 
• Superior pin compatible replacement for ADC080B 

andADC0809 
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ADDRO 
ADDRI 
ADDR2 

ADDRESS 
LATCH ENABLE 
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ML2258 

PIN CONNEOIONS 

"ML2258 
28-PIN DIP 
. .f 

,'. ~. " 

TOPVI,EW 

IN2' 

IN1 

INO 

Ap6RO 

ADDR1 

A~jjii:2 
A~l' 
QB7",.' 
1;>86. 

'085 

084 

08Q 

::VREf 

082 

PIN DESCRIPTION 
PIN NO. NAME. FUNCTION 

IN3 Analog input 3. 
2 IN4 Analog inputA; 
3 INS Analog input 5. 
4 IN6 Analog input 6.' 
5 IN7 Analog input 7. 
6 START Start of conversion. Active high 

digital input pulse initiates 
conversion. . 

7 we End of conversion. This outp'ut'goes 
low after a START pulse occurs, stays. 
low for the entireAtD conversion; 
and goes high after conversion is 
completed. Data on DBO-DB7 is 
valid on rising edge of EOC and ~tays 
valid until next EOC risiilg edge. 

8 DB3 Dilta output 3. 
9 OE Output enable ,input. When OE=O, 

DBO-DB7 are in high impedance 
state; DE = 1, DBO-DB7 are actfVe 
outputs. 

10 ClK Clock. Clock input provides timing' 
for AID converter, StH, and, digiti\1 
interface. ' 

11 Vee Positive supply. 5V±.10%. 
12 +VREF Positive reference volta~e. 

.. :i 

',.l 

PIN NO. 

13 

14 
15 
16 
17 

1~' 
19' 
20 
21 
22 

IN7 

elK 

Vee 

NAME 
GNU 

DB1 
DB2 

-VREF 
DBO 
DB4 
DB5 
DB6 
DB7 
ALE 

23 ' ADDRO 

24 ADDR1 

25 ADOR2 

26 INO 
;27 IN1 

i2~ IN2 

2-100 "Micro Linea, 

'····"ML22SS· ' . 
28-PIN PCC 

'TOP VIEW 
c,.: 

AQORO 

AOOR1 

AOOR2 

086 

085 

FUNCTION 

"I,., 

Ground. OV, all analog and digita(in
puts,.or outplits.,ilr~:r!;!feren,ce tQ this 
point. . 

Data output ,1 . ' 
Data output 2. 
Negative reference voltage. 

Data output o. /.' 
Data output 4." 
Data output S. 
Data output 6. 
Data output 7. 
Add:~~ss.latch enable. I nput to latch 
iii the digital address. (ADDR2-0) on 
the rising edlle ofthe multiplexer. 
Jl\ddress input 0 to multiplexer. 
Digital inputfm seleCting analog 
input. 
Addres~ inputl to multiplexer. 
Digita1 inputfor selecting analog 
input ... ' I 

Address input 2 ,to mu.Jtiplexer. 
Digital inputTor s'electing analog 
input. 
An(llcig inputO. 
Analog input 1. 
Analog input'2, 



ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage, Vee ................................. 6.5V 
Voltage 

Logic Inputs ......................... -0.3Vto Vee+0.3V 
Analog Inputs ....................... -O.3V to Vee + O.3V 

Input Current per Pin (Note 2) ..................... ±25mA 
Storage Temperature .................... -65°Cto +150°C 
Package Dissipation 
atTA~25°C(BoardMount) ...................... 875mW 

Lead Temperature (Soldering 10 sec.) 
Dual-In-Line Package (Plastic) ...................... 260°C 
Dual-In-Line Package (Ceramic) .................... 300°C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) ........................... 215°C 
Infrared (15 sec.) ............................... 220°C 

ELECTRICAL CHARACTE RISTICS 

Ml2258 

OPERATING CONDITIONS 
Supply Voltage, Vee ...................... 4.5VDe to 6.3VDe 
Temperature Range (Note 3) ... , ............ T MINSTAsTMAX 

ML2258BMj, ML2258CMj .............. - 55°C to + 125°C 
ML2258Blj, ML2258BIP 
ML2258BIQ, ML2258C1j 
ML2258C1P, ML2258CIQ ............. : .. -40°C to +85°C 

Unless otherwise specified, TA - T MIN to T MAX, Vcc - + VREF= 5V± 10%, - VREF-GND and fCLK-10.24MHz 

PARAMETER CONDITIONS UNITS 
Converter and Multiplexer 
Total Unadjusted Error 5,7 VREF-Vee ±1I2 ±1 LSB 
+ VREF Voltage Range 6 -VREF Vee+ O.l -VREF Vee+ O.l V 
- V REF Voltage Range 6 GND-O.l· +VREF GND-O.l +VREF V 
Reference Input Resistance 5 14 20 35 14 20 28 k!l 
Analog Input Range 5,8 GND-O:l Vee+ O.l GND-O.l Vee+ O.l V 
Power Supply Sensitivity 6 DC ± 1/32 ±1/4 ±1/32 ±1/4 LSB 

Vee -5V±10% 

100mVp-p ±1/16 ±1/16 LSB 
100kHz Sine on Vee, 
VIN~O 

IOFF' Off Channel Leakage 5,9 On Channel- Vee -1 -1 /LA 
Current (Note 9) Off Chan nel ~ OV 

On Channel ~ OV 1 1 /LA 
Off Channel ~ Vee 

ION, On Channel Leakage 5,9 OnChannel-OV -1 -1 /LA 
Current (Note 9) OffChannel~Vee 

On Channel ~ Vee 1 1 p.A 
Off Channel- OV .. 

Digital and DC 
VIN(l), Logical "1" Input 5 2.0 2.0 V 
Voltage 

VIN(O), Logical "0" Input 5 0.8 0.8 V 
Voltage 

IIN(l), Logical "1" Input 5 VIN-Vee .1 1 p.A 
Current 

IIN(O),·Logical "0" Input 5 VIN-OV -1 -1 p.A 
Current 

VOUT(lI' Logical "1" 5 IOUT~ -2mA 4.0 4.0 V 
Output Voltage , 
VbUT(O), Logical "0" 5 IOUT-2mA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output 5 VOUT~OV -1 -1 /LA 
Current VouT~Vee 1 1 p.A 
Icc, Supply Current 5 1.5 3 1.5 3 mA 
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Ml2258 

E LECTRICALOHARACTERtSTICS (Continued) ',.,1 

SYMBOL PARAMEHR CONDITIONS UN,lrs 
AC and D nam' P rf Ch ct]sfe y Ie e ormanee ara, er I 5 oe " 

tACO Sample and Hold Acquisition 4 lifCLK 

feLK Clock Frequency 5 100 10240 kHz 

tc Conversion Time 5 ' , 67 67 +250ns l/fcLK 
SNR Signal to Noise Ratio VIN = 5'1 kHz, 5\1 Sine. 47 d~ 

fClK = 10.24MHz 
(fSAMPLlNG'" 150kHz). Noise is Sum of 
All Nonfundamental Components up 
to 1/2 of fSAMPLING ' 

THO Total Harmonic Distortion VIN = 51 kHz, 5V Sine. ~60 dB 
felK = 10.24MHz 
(fSAMPLING ",150kHz), THO is Sum of 
2, 3, 4, 5 Harmonics Relative to 
Fundamental 

IMD Intermodulation Distortion VIN =fA +fs. fA =49kHz, 2.5V Sine. -60 dB 
fs=47.8kHz, 2.SV Sine, , 
fClK = 10.24MHz 
(fSAMPLING ",,150kHz). IMD is (fA +fs), 
(fA-fS), (2TA+fB), (2fA-fB), (f";+ 2fs), 
(fA -2fB) Relative to Fundamental 

FR Frequency Response VIN = 0 to 50kHz. 5V Sine Relative to 0.1 dB 
1kHz 

toe Clock Duty Cycle 6,11 40 60 %. 

tEOc End of Conversion Delay 5 8 8+250ns l/fclK 
tws Start Pu Ise Width 5 50 ns 

tss Sta'rt Pulse Setup Time 6,12 Synchronous Only 40 ns 

tWAlE Address Latch Enable Pulse'Width 5 50 ns 

ts Address Setup 5 0 ,ns 

tH Address Hold, 5 SO , ns 

tHI, HO Output Enable for DBO-DB7 6 Figure 1, Cl = 50pF 100 ns 
6, Figure 1, Cl = 10pF 50 ns 

tlH,OH Output Disable for DBO-DB7 6 Figu re 1, Cl = 50pF 200 ns 

6 Figure 1, Cl = 10pF 100 ns 

CIN Capacitanceof Logic Input 5 pF 

COUT Capacitance of Logic Outputs 10 pf 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit ma~ibeimpaired. All voltages unless 
otherwise specified are measured with respect to ground. ., 
Note 2: When the input voltage (VIN) at any pin exceeds the power supply. rails (ViN <V- orVIN> V+) the absolute value of currerit at' 
that pin should be limited to 25mA or less. ' ' 
/\Iote 3: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test 
conditions. -40°C to + 85°.C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions, . 
Note 4: Typicals.are parametric norm at 25°C. 
Note 5: Parameter guaranteed andl 00% production rested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Total unadjusted error includes offset, full scale, linearity, multiplexer and sample arid hold.errors. 
Note 8: For, -VREF~VIN( +) the digitaloutput code will be 0000 0000 .. Two on-chip diodes are tied to each analog input which will 
forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the,Vee supply. Be careful, 
during testing at low Vcc levels (4.SV), as high level analog inputs (SV) can caWie this input diode.to tonduct~especiallyat elevatt'!d 
temperatures, and ,c<juse errors for analog inputs near full scale. The spec allows 1 OOmV forward bias of either d.iode.This means thatas 
long as the analogVJI~ or VREF does not exceedthe supply voltage by more than 1 OOmV, the o!Jtput code will be,correct. To achieve. an 
absolute OVm: to 5VDC input voltage range will thereiore require a minimum supply voltage of 4.900VDC ovt'!r temperature variations; 
initial tolerance and loading. ' 
Note 9: Leakage current is measured with the clock not switching. 
Note 10: Cl =SOpF, timing measured at 50% point. 
Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock ha,~ a 
duty cycle outside 01 these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 40ns. The 
maximum til1)e the clqck can be high or low is 60",s.. .,', 
Note 12: The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock 
rising edge. If the setup time is not met, start conversion will have an uncertainty of one clock pulse, 
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tlH, tHl tlH, Cl = 10pF tHl, Cl = 50pF 

vee 
DATA OUTPUT 

OUTPUT?i ENABLE 
C, 10k 

~ T ~ OUTPUT 50% 

tOH, tHO tOH, Cl = 10pF tHO, Cl = 50pF 

Vee 

OUTPUT Vee 
50% ~ ENABLE 

GND- 1O%- 10% 
DATA 

-tOH~ ~ 
OUTPUT 

C'~ 
Vee 

OUTPUT 50% 

VOl 10% 

Figure 1. High Impedance Test Circuits and Waveforms 
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TYPICAL PERFORMANCE CURVES (Continued) 
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1.0 FUNCTIONAL DESCRIPTION 
1.1 MULTIPLEXER ADDRESSING 
The Ml2258 contains an 8-channel single ended analog 
multiplexer. A particular input channel is selected by using 
the address decoder. The relationship between the ad
dress inputs, ADDRO-ADDR2, and the analog input se
lected is shown in Table 1. The address inputs are latched 
into the decoder on the rising edge of the address latch 
signal ALE. 

TablE: 1. Multiplexer Address Decoding 

SELECTED ADDRESS INPUT 
ANALOG CHANNEL ADDR2 ADDR1 ADDRO 

INa a a a 
IN1 a a 1 
IN2 a 1 a 
IN3 a 1 1 
IN4 1 a a 
INS 1 a 1 
IN6 1 1 a 
IN7 1 1 1 

1.2 AID CONVE RTE R 
The AID converter uses successive approximation to per
form the conversion. The converter is composed of the 
successive approximation register, the DAC and the 
comparator. 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is com
posed of a capacitor upper array and a resistor lower 
array. The capacitor upper array generates the 4 MSB deci
sion levels while the series resistor lower array generates 
the4 lSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 

The capacitoriresistor array offers fast conversion, superior 
linearity and accuracy since matching is only required be
tween 24 = 16 elements (as opposed to 28 =256 elements in 
conventional designs). And since the levels are based on 
the ratio of capacitors to capacitors and resistors to resis
tors, the accuracy and long term stability of the converter 

ClK 

START 

ALE 

ADDRO-ADDR2 

Ml2258 

is improved. This also guarantees monotonicity and no 
missing codes, as well as eliminating any linearity tem
perature or power supply dependence. 

The successive approximation register is a digital block 
used to store the.bit decisions from the conversion. 

The comparator design is unique in that it is fully differen
tial and auto zeroed. The fully differential architecture pro
vides excellent noise immunity, excellent power supply 
rejection, and wide common mode range. The compara
tor is auto zeroed at the start of each conversion in order 
to remove any DC offset and full scale gain error, thus im
proving accuracy and linearity. 

Another advantage of the capacitor array approach used 
in the Ml2258 over conventional designs is the inherent 
sample and hold function. This true SIH allows an accu
rate conversion to be done on the input even if the analog 
signal is not stable. Linearity and accuracy are maintained 
for analog signals up to 112 the sampling frequency:As a 
result, input signals up to 75kHz can be converted without 
degradation in linearity or accuracy. 

The sequence of events during a conversion is shown in 
Figure 5. The rising edge of a START pulse resets the in
ternal registers and the falling edge initiates a conversion 
on the next rising edge of ClK. Four ClK pulses later, sam
pling of the analog input begins. The input is then sampled 
for the next four ClK periods until EOC goes low. EOC 
goes low on the rising edge of die 8th ClK pulse indicating 
that the conversion is now beginning. The actual conver
sion now takes place for the next 56 ClK pulses, one bit 
for each 7 ClK pulses. After the conversion is done, the 
data is updated on DBO-DB7 and EOC goes high on the 
rising edge of the 67th ClK pulse, indicating that the 
conversion has been completed and data is valid on 
DBO-DB7. The data will stay valid on DBO-DB7 until the 
next conversion updates the data word on the next rising 
edge of EOC. 

A conversion can be interrupted and restarted at any time 
by a new START pulse. 

J---------tEOc----------;~1 

EOe 

080-087 _____________ P_R'_V_'O_U5_0_At_A_
Ic 
________ -I::=1 M' I J::::iZr-
j~ DE 

Figure 5. Timing Diagram 
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1.0 FU NCTIONAL DESCRI PTION (Continued) 

1.3 ANALOG INPUTSAND.SAMPLE/HOLD 
The Ml2258 has a true sample and hold circuit which 
samples both the selected input and ground simultane
ously. This simultaneol,ls sampling with a true S/H will give 
common mode rejection and AC linearity performance 
that is superior to devices where the two ihput terminals 
are not sampled·at the same instant and where true sample 
and hold capability does not exist. Thus, the ML2258 can 
reject AC common mode signals from DC-50kHz as well 
as maintain linearity for signals from DC-50kHz. 

The plot below (Figure 6) shows a 2048 point FFT of the 
Ml2258 converting a 50kHz, 0 to 5V, low distortion sine 
wave input. The Ml2258 samples and digitizes, at its 
specified accuracy, dynamic input signals with frequency 
components up to the Nyquist frequency (one-half the 
sampling rate). The output spectra yields precise measure
ments of input signal level, harmonic components, and 
signal to noise ratio up to the 8-bit level. The near ideal 
signal to noIse ratio is maintained independent of increas
ing analog input frequencies to 50kHz. 

The signal at the arialog input is sampled during the inter
val when the sampling switch is open prior to conversion 
start. The sampling window (SiH acquisition time) is 4 ClK 
periods long and occurs 4 ClKperiodsafter START goes 
low. When the sampling switch closes at the start of the 
S/H acquisition time, 8pF of capacitance is thrown onto 
the analog input. 4 ClK periods later, the sampling switch 
opens, the signal present at analog input is stored and con
version starts. Since any error on the analog input at the 
end of the S/H acquisition time will cause additional con
version error, care should be taken to insure adequate set
tling and charging time from the source. If more charging 
or settling time is needed to reduce these analog input er
rors, alonger ClK period can be used. 

The Ml2258 has improved latchup immunity. Each analog 
input has dual diodestothesupply rails, and a minimum 
of.±25mA (± lOOmA typically) can be injected into each 
analog input without causing latchup. 

1.4 REFERENCE 
The voltage applied to the' + VREFand -VREF inputs de-' 
fines the voltage span of the analog input (the difference 
between VINMAX and V1NM1N) over which the 256 possible 
output codes apply, The devices Can be used in either ra
,tiometric applications or in systems requiring absolute ac
curacy. The reference pins must be connected to a voltage 
source capable of driving the reference inputresistance, 
typically 20k.' ' 

In a ratiometric system, the analog input voltage is propor
tional to the voltage used for the AID reference. This volt
age is typically the system power supply, so the + VREF pin 
can be tied to Vee and - VREF tied to GND. This technique 
relaxes the stability requirements of the system reference 
as the analog input and AID reference move together 
maintaining the same output code for a given input 
condition. ' 

For absolute accuracy, where the analog input varies'Oe
tween specific voltage limits, the reference pins can be 
biased with a time and temperature stable voltage source. 

In cohtrastto the ADC0808 and ADC0809, the Ml2258 
- VREF and + VREF reference values do not have to be sym
metric around one half of the supply. + VREF and - VREF, 
can be at anyvoltage between Vee and GND. In addition, 
the difference between + VREF and - VREF can be set to 
small values for conversions over smaller voltage ranges. 
Particular care m'ust be taken with regard,to noise pjckup, 
circuit layout and system error voltage sources when' 
operating with a reduced span due to the increased 
sensitivity of the converter. 

Or-------~---------r-----.----~-----. 
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1.0 FU NCTIONAL DESCRI PTION (Continued) 

1.5 POWER SUPPLY AND REFERENCE DECOUPLING 
A 1 DILF electrolytic capacitor is recommended to bypass 
Vee to GND, using as short a lead length as possible. In 
addition, with clock frequencies above 1 MHz, a 0.1 flF 
ceramic disc capacitor should be used to bypass Vee to 
GND. 

If REF + and REF - inputs are driven by long lines, they 
should be bypassed by 0.1 flF ceramic disc capacitors at 
the reference input pins (pins 12,16). 

1.6 DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 
Signal-to-noise ratio (SN R) is the me;lsured signal to noise 
at the output of the converter. The signal is the rms magni
tude of the fundamental. Noise is the rms sum of all the 
nonfundamental signals up to half the sampling frequency. 
SNR is dependent on the number of quantization levels 
used in the digitization process; the more levels, the 
smaller the quantization noise. The theoretical SN R for a 
sine wave is given by 

SNR= (6.D2N + 1.76)dB 

where N is the number of bits. Thus for ideal 8-bit con
verter, SNR=49.92dB. 

Harmonic Distortion 
Harmonic distortion is the ratio of the rms sum of harmon
ics to the fundamental. Total harmonic distortion (THO) of 
the Ml2258 is defined as 

where Vl is the rms amplitude of the fundamental and V2, 
V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 

I ntermodulation Distortion 
With inputs consisting of sine waves at two frequencies, fA 
and fB' any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and difference 
frequencies of mfA + nfB, where m,n = 0, 1,2, 3, .... Inter
modulation terms are those for which morn is not equal 
to zero. The Ml2258 (IMD) intermodulation distortion 
specification includes the second order terms (fA +fB) and 
(fA -fB) and the third order terms (2fA +fB), (2fA -fB), 
(fA + 2fB) and (fA - 2fB) only. 

1.7 DIGITAL INTERFACE 
The analog inputs are selected by the digital addresses, 
ADDRD-ADDR2, and latched on the rising edge of ALE. 
This is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START 
pulse. As long as this pulse is high, the internal logic is 
reset. 

The sampling interval starts with the 4th elK rising edge 
after a START falling edge and ends on the 8th rising edge 
of elK, 4 elK periods later. On the rising edge of the 8th 
elK pulse, the conversion starts and Eoe goes low. 

Each bit conversion in the successive approximation proc
ess takes 7 elK periods. On the rising edge of the 64 elK 
pulse, the digital output ofthe conversion is updated on 
the outputs DBD-DB7. On the rising edge of the 65th elK 
pulse, EOe goes high indicating the conversion is done 
and data on DBD-DB7 is valid. 

One feature of the Ml2258 over conventional devices is 
that the data is double buffered. This means that the out
puts DBD-DB? will stay valid until updated at the end of 
the next conversion and will not become invalid when the 
next conversion starts. This facilitates interfacing with ex
ternallogic of flP. 

The signal OE drives the data bus, DBD-DB?, into the high 
impedance state when held low. This allows the Ml2258 
to be tied directly to a flP system bus without any latches 
or buffers. 
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2.0 TYPICAL APPLICATIONS 
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ORDERING INFORMATION 
ALTERNATE TOTAL TEMPERATURE 

PART NUMBER PART NUMBER UNADJUSTED ERROR RANG.E PACKAGE 
ML2258BMJ ADC0808Cj -55°Cto +125°C Hermetic DIP U20) 
ML2258BI] ADC0808CCj 

± 1/2LSB -40°Cto +85°C Hermetic DIP U20) 
ML2258BIP A(K0808CCN -40°C to +85°C Molded DIP (P20) 
ML2258BIQ A DC0808CCV -40°C to +85°C Molded pee (Q20) 

ML2258CI] -40°C to +85°C Hermetic DIP U20) 
ML2258CIP ADC0809CCN ±lLSB -40°C to +85°C Molded DIP (P20) 
ML2258CIQ A DC0809CCV 

.. 
-40°C to +85°C Molded pee (Q20) 

I 
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JlP Compatible High~Speed8,-Bit 
AIQ,Converterwith'T/H (S/H) 

GENERAL DESCRIPTION" 
The Ml2261 is a high-speed, f..IP compatible 8-bit AID 
converter with a conversion time of 670ns over the 
operating temperature range and supply voltage 
tolerance. The Ml2261 operates from a singleSV 
supply and has an analog input range from GND to 
Vee· . 

The Ml2261 has two different pin selectable modes. 
The T/H mode has an internal track and hold. The S/H 
mode has a true internal salT1ple and hold .and can 
digitize 0 to SV sinusoidal signals as high as SOOkHz. 
Timing is compatible with the AD7821. 

The Ml2261 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a f..IP. 

The Ml2261 is an enhanced, pin compatible second 
source' for the industry standard ADC0820 and AD7820. 
The Ml2261 enhancements are faster conversion time, 
parameters guaranteed over the supply. tolerance and 
temperature range, improved digital interface timing, 
superior power supply rejection, and better latchup 
immunity on analog inputs. 
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FEATURES 
• Conversion time; WR-RD mode over temperature 

and supply voltage tolerance 
Track & Hold Mode .................... 850ns max 
Sample & Hold Mode ................. 700ns max 

• Total unadjusted error ......... ±1/2 lSB or ±1 lSB 
• Digitizes a Sv, 250kHz sine wave to 8-bit accuracy 
• No missing codes 
• OV to 5V analog input range with single 5V power 

supply 
• No zero oriull scale adjust required 
• Analog input protection ................ '. 25mA min 
• Operates ratiometrically or with up to 5V voltage 

reference . . 
• No external clock required 
• Easy interface to pP' or operates stand alone 
• Power-on reset circuitry' 
• low power ..................................... 75mW 
• Standard 20-pin DIP or surface mount PCC 
• Superior pin compatible replacement for ADC0820 

and AD7820 . 

PIN CONNECTIONS 

20-Pin DIP 20·Pin PCC 

VIN Vee 080 Vee 

OBO SHim OBI VIN I SH/fFi 

081 OFl 3 ' 2 1 20 19 
OB2 18 OFl 

082 087 
083 

083 086 
17 087 

Will ROY 085 
Wil/ROY 16 086 

MODE 084 
MODE IS 08S 

iW cs iID 14 0B4 
9 10 11 12 13 

INT +VREF 
INT J-VREF J cs 

GNO -VREF GNO +VREF 

roPVIEW roPVIEW 
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PIN DESCRIPTION 
PIN NO. NAME FUNGION PIN NO. NAME FUNGION 

VIN Analog input. 10 GND Ground. 

2 DBO Data output - bit 0 (lSB). 11 -VREF Negative reference voltage for 

3 DB1 Data output - bit 1. AID converter. 

4. DB2 Data output - bit 2. 12 +VREF Positive reference voltage for 
AID converter. 

5 DB3 Data output - bit 3. 
CS .. Chip select input. This pin must 13 

6 WR/RDY Write input or ready ou!Rut. In be held low for the device to 
WR-RD mode, this pin is WR perform a conversion. 
input. In RD mode, this pin is 

14 DB4 Data output - bit 4. RDY open drain output. See 
Digital Interface section. 15 DB5 Data output - bit 5. 

7 MODE Mode select input. 16 DB6 Data output - bit 6. 
MODE = GND: RD mode 17 DB7 Data output - bit 7 (MSB). 
MODE = Vee: WR-RD mode 

Pin has internal current source 18 OFl Overflow output. This output 

pulldown to GND. goes low at end of conversion 

8 RD Read input. In RD mode, this 
if VIN is greater than 
+VREF - 1hLSB. 

pin initiates a conversion. In 
19 SH/TH S/H~H mode select. When E WR-RD mode, this pin latches 

data into output latches. See SH/TH = VeG the device is in 

Digital Interface section. sam~ and hold mode. When 

9 INT Interrupt output. This output 
. SH/TH = GND, the device is in 
track and hold mode. Pin has 

signals the end of a conversion internal pulldown current 
and indicates that data is valid source to GND. 
on the data outputs. See Digital 

20 Vee Positive supply. +5 volts ± 5%. Interface section. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vce .................................... 6.5V 
Supply Voltage, Vcc ....................... 4.5Voc to 6.0Voc 
Temperature Range (Note 3) .............. T MIN :s; T A :s; T MAX 

Voltage ML2261BIJ, Ml2261CIJ ..................... -40°C to +85°C 
logic Inputs ........................... -O.3V to Vcc + 0.3V 
Analog Inputs ......................... -O.3V to Vcc + O.3V 

ML2261BCQ, Ml2261CCQ 
ML;Z261BCp, ML2261CCP ..................... O°C to :"70°C 

Input Current per Pin (Note 2) ...................... ±25mA 
Storage Temperature ....................... -65°C to +150°C 
Package Dissipation 

at TA = 25°C (Board Mount) ....................... 875mW 
lead Temperature (Soldering 10 sec.) 

Dual-In-line Package (Plastic) . " . . . . . . . . . . . . . . . . . . . . .. 260°C 
Dual-In-line Package (Ceramic)· ..................... 300°C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) ..................... , .. .. ... 215°C 
Infrared (15 sec.) .................................. 220°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwis~ specified, TA '" TMIN tOTMAXt Vc(:. =, :VREF '" 5V ± 5%, and -VREF = GND 

'., .' '" .. i. t , '. 
ML2261XCX ,ML2261XIX 

PARAMETER NarES CONDITIONS MINI (N!:'4),1 MAX MIN I TYP I (Note 4) MAX UNITS 

Conwerrer " 

Total Unadjusted Error 
, 

, 
tSB Ml2261BXX 5;7, 'VREF = Vcc ±1/2 ±1/2 

Ml2261CXX ±1 'I'. ±1 LSB 

+VREF Voltage Range 6 -VREF " 
Vcc+O.1 -VREF Vcc+0.1 V 

-VREF Voltage Range 6 GND-O.l +VREF GND-O.l' +VREF V 

Reference Input 5 1 2 3 1 2 3 kO 
Resistance 

Analog Input Range 5,8' GND-O.l \lcc+O.l GND-OJ Vcc+OJ V 

Power Supply Sensitivity 5 DC . ±1/32 ±1/4 ±1/32 ±1/4 LSB 
Vee = 5V ± 5%, VREF • 4.75V 

l00rnVp-p ±1/16 ±1/16 lSB 
,100kHz sine on Vcc. 
V,N=O 

Analog Input leakage 5,9 Converter Idle -1 +1 -1 +1 JlA 
Current, 

Analog Input CapaCitance During Acquisition Period 4S 45 pF 

Digital and DC 

V'N(1, logical "1" Input .}. WR, RD, C5 2.0 2.0 V 
5 

Voltage MODE, SH/TH Vcc-05 Vcc-O·5 V 

V'N(O, logical "0" Input WR, RD, CS 0.8 .. 0:8 V 
5 ' 

Voltage MODE, SHITH 0.5. 
" 

,05 "V 

WR,RD, CS 
< 

pA l'IN(l, logical "1" 1 1 
5 V,H '" Vee Input Current MbDE,',~H/TH , 15 50 150 15 50 150 JlA 

I'N(O, logical "0" WR,RD, CS -1 -1 llA 
5 V,L =GND 

Input Current MODE,SH/TH -20 -20 
" JlA 

VOUT(1, logical "1" 5 lOUT = -2rnA 4.0 4.0 V 
Output Voltage 

VOUT(O, logical "0" 5 lOUT =2rnA 0.4 0.4 V 
Output Voltage 

'OUT, Three-State Output VOUT '" OV ,~1 -1 JlA 
5 

Current VOUT = Vee 1 1 JlA 
COUT, logic Output 5 5 pF 
CapaCitance 

C,N, logic Input 5 5 pF 
Capacitance 

Icc. Supply Current 5 CS = WR = RD = "1" 8 14 8 155 rnA 
No Output load 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless.othelWise specified, TA '" TMIN to TMAX,. Vee = +VREF= 5V ± 5%, -VREF = GND, and timing measured at 1.4Y, 
CL = 100pF. 

ML2261XCX ML2261XIX 

PARAMETER NOTES CONDITIONS MIN I (N::4) I MAX MIN I (N!:4) I MAX UNITS 

AC and Dynamic Performance (Note 9) 

teRD, Conversion Time, 5 RD to INT, MODE = OV lOGO 1100 ns 
Read Mode 

tewR-RD, Conversion Time, 5,9 WRFalli~· -
Write-Read Mode Edge to INT, 

SH/TH=Vee 650 700 690 740 ns 

tRD < tiNT, -
MODE = Vee SH/TH=GND 850 920 ns 

SNR, Signal to Noise Ratio V IN = 5\1, 250kHz 48 48 dB 
Noise is sum of all 
nonfundamental 
components 
from 0-500kHz_ -
SH/TH = Vee, MODE = Vee 
fSAMPLING = 1 MHz 

. 
HD, Harmonic Distortion V IN = 5\1, 250kHz -63 -63 dB 

THD is sum of 2-5th 
harmonics relative to 
fundamental. 
SH/TH = Veo MODE = Vee 
fSAMPLING = 1 MHz 

IMD, Intermodulation fa = 2.5\1, 250kHz -60 -60 dB 
Distortion fb = 2_5\1, 248kHz 

: 1MB is (fa + fb), (fa - fb), 
(2fa + fb), (2fa - fb), 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
SHtTH = Veo MODE = Vee 
fSAMPLING = 1 MHz 

FR, Frequency Response VIN = 5\1, 0-250kHz ±0.1 ±0.1 dB 
Relative to 1 kHz 
SH/TH = Vee, MODE = Vee 
fSAMPLING = 1 MHz 

SH/TH = Vee 4.0 4.0. ; V/JIS 
SR, Slew Rate Tracking 6 

SH/TH = GND .25 .25 V/JIS 

AC Perfurmance Read Mode (Pin 7 = OV), Figure 2 

tRDY, CS to RDY Delay 5 0 65 0 70 ns 

tRDD, RD Low to 
, 

5,10 Figure 1 1060 1100 ns 
RDY Delay 

tess, CS to RD, WR 5 0 0 ns 
Setup Time 

tesH, CS to RD, vyR 5 0 0 ns 
Hold Time 

.kRD' Conversion Time - 5,10 1060 1100 ns 
'RD Low'to INT Low -I 

II 
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ELECTRICAL CHARACTERISTICS (Continued}" "i', , ., .. 
Unless. otherwise specified; TA" TMIN to TMAJ(, Vee = '+VREF,~5V± 5%, -VREF - GND, a~d timing measured.!t MV, 
CL =·100pF ' 

ML2261XCX M,L2261 XIX 

PARAMffiR NOTES CONDITIONS MIN I(N=4)~. ,MAX MIN I(=~)I MAX UNITS, 

N:. performance Read Mode (Pin 7 - OV) Figure 2 (Continued) - , 
!Acco. Data Access Time 5 tCRO ~Ro:t30 ! tCRO tCRo+30 ns 
RD. to Data Valid 

tROPW' RD Pulse Width 5 tcRo+30 " tcRO+·30 ns 

tINTH, RD to INT Delay 5,10 0 65 0 70 ns 

!uti, Data Hold Time - 6,10 Figure 1 0 ,50 ! 0 60 ns 
RD Rising Edge to Data, 
High Impedance State, 

tp, Delay Time Between 5,10 Sa~ & Hold Mode, 300 325 ns 
Conversions - INT Low SHfTH = Vce 
to RD Low 

Track & Hold Mode, 240 260 ns 
SH/TH = GND 

N:. Performance Write-Read Mode (Pin 7 =' 5V), Figures 3 and 4 

tess. cs to RD, WR 5 0 "" 0 ns 
Setup' Time 

tesH, CS to RD, WR 5 0 
., 

0 ns 
Hold Time 

tWR- WR Pulse Width 
5 SMITH = Vtc 170 50K 180 50K ns 

6 SHITH = GND 320 50K 360 50K Ils 

tRl» Read Time - WR 5 tRO < tlNTl 275 290 ns 
High to RD Low Delay ". 

tRI, RD to INT Delay 5,10 tRO < tlNTl 0 255 0 270 ns 

tAC!:JL Data Access, Time 5 tRO < tlNTl 0 260 0 280 ns 
- RD Low to Data Valid 

tCW&&D< Conversion Time 5,9,10 
- WR Falling Edge to 

tRO < tlNTLJ SH/TH = Vcc 650 700 690 740 ·ns 

INT Low 6,9,10 tRO < tlNTLJ SHITH = GND 850 920 ns 

tlNTLJ Internal Comparison 5,10 tRO > tlNTL 650 670 ns 
Time .:.... WR Rising Edge· 
to INT Low " 

t,o,c.c2!- Data Access Time 5 tRO> tlNTl 0 50 0 60 ns 
- RD to Data Valid 

tOHi Data Hold Time - 6,10 Figure 1 '. 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tINTH' RDlto INTI Delay 5, 10 0 65 0 70 ns 

tpi Delay Time Between "5,10 Sam~ & H()ld Mode, 300 325 ns 
Conversions - INT Low SHITH = Vcc 
to WR low ' 

Track & Hold Mode, 240 260 ns 
SHITH" GND ~, , 

tIHWR;";WRl to .INTI Delay 5,10 Standalone Mode 0 100 0 110 ns 

til» INTI to Data 5,10 Standalone Mode 0 20 0 30 ns 
Valid Delay 

, 
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Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V,N < GND or Y,N > Vcc) the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: O°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 100% production-tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level -calculation. 
Note 7: Total unadjusted error includes offset,full scale, linearity, and sample and hold errors. Total unadiusted error is tested at the 

minimum specified times for WR, RD, tRI' and tp. For example, for the Ml2261XCX in the sample and hold mode; WRiRD mode: tWR = 
170ns, tRO = 275ns with a frequency of 1.00MHz (cycle time of 1000ns). 

Note 8: For -VREF ~ Y,N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the V cc supply. Be careful, during testing at 
low V cc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct - especially at elevated temperatures, and 
cause errors for analog inputs near full scale. The spec allows l00mV forward bias of either diode. This means that as long as the analog 
Y'N or VREF does not exceed the supply voltage by more than 100mY, the output code will be correct. To achieve an absolute OVoc to 
5Voc input voltage range will therefore require a minimum supply voltage of 4.900Voc over temperature variations, initial tolerance and 
loading. 

Note 9: Conversion time, write-read mode = tWR + tRQ + tRI' 
Note 10: Defined from the time an output crosses 0.8V or 2.4V. 

DATA 
OUTPUT~ 

10PFT Ski -

Vee 

~ DATA 
OUTPUT 

10PFT 

OUTPUT 
ENABLE 

OUTPUT 

OUTPUT 
ENABLE 

OUTPUT 

Vce 90% 

tOH~ Vce 

VOL VQl+l00mV 

Figure 1. High Impedance Test Orcuits and Waveforms 

'MierO_-Linear 2-115 



ML2261 

• IN SAMPLE & HOLD MODE A PULL UP RESISTOR 
ON ROY SHOULD NOT BI' USED UNLESS 
CSI IS '" 20ns BEFORE ROt 

Figure 2. RD Mode Timing 

DUO-DB7 ------------------

Figure 3. WR-RD Mode Timing (tRO > tlNTU 

tess 

DBO"DB7 ---______ _ 

Figure 4. WR"RD Mode Timing (tRO < tlNTU 

INT 

-I.t:iID 
DUO-DB7 ----J»)----.... l V~{f )-

Figure 5. WR-RD Mode Stand-Alone Timing cs = RD = 0 
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1.0 FUNOIONAl DESCRIPTION 
The Ml2261 uses a two stage flash technique for AID 
conversion. This technique first performs a 4 bit flash 
conversion on VIN to determine the 4 MSB's. These 
4 MSB's are then cyclE!d through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the. DAC is .then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. An additional overrange function 
detects if VIN is greater than +VREF - Y2LSB. 

1.1 ANALOG INPUT 

The analog input on the ML2261 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The equivalent input circuit for the converter is shown 
in Figure 6. When the conversion starts in the T/H 
mode (WRI in the WR-RD mode or RDI in the RD 
mode) 51, 54 and 56 close and 53 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, VIN is 
connected to the 16 MSB and 15 LSB comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined RON resistance of the internal 
analog switches plus any external source resistance, Rs. 
In addition, there is a stray capacitance of approximately 
11 pF that needs to be charged through the external 
source resistance Rs. This period ends in the WR-RD 
mode when WRt or by an internal timer in the RD 
mode. At this point Sl and 54 open and the analog 
input at VIN is no longer being sampled; thus during 
this time the analog voltage on VIN does not affect 
converter performance. 

VIN-'\IRII'Srl_-'\IR~I/'NIr-<Y1oS1 ~~ ~~~ 
TO M5 ---df oJ ~ ·"1* '\ 
LADDER S2 • -= ! 53 

16 MSB COMPARAfOR5 

RoN S4:rl.3~4PF 3.6K 

6.4K • lpF RON 

TO L5 ---X. : I 56 
LADDER 55 ~ .65pF -= ~ 

15 LSB COMPARATORS 

Figure 6. Converter Equivalent Input Circuit 

ML2261 

As shown above, the critical period for charging up the 
analog input occurs when the MSB and lSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
VIN must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least SOns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finite--.9:!arging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 

When the ML2261 operates in the S/H mode (pin 19 = 
Ved both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or samRlli!g period. This period starts after 
the falling edge of INT and ends with the falling e~ 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. ThE! duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period 51, 53, 54 and 56 close, therefore 46 
pF of input capacitance must be charged up in addition 
to the 11 pF of stray capacitance. 

1.2 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the Ml2261 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The lSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
tracking it as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2261 can track and hold signals with 
slew rates as high as .25Vll-ls (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The Ml2261 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, hcilds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically 
digitize signals of frequencies much higher than the 
T/H mode. ThE! ML2261 in S/H mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4VI IJS) without sacrificing conversion 
accuracy. In most applications, the S/H mode is more 
desirable than T/H mode because of the better dynamic 
performance. 

'Micro Linear 2-117 



ML2261 

1.2.1 CONVElrnR - TtH MODE 

The operating sequence for the WR-RD mode is , 
illustrated in figure 7a. Initially, the interrial comparators 
are auto-zeroed whil'e WR is hl&!:!:- A conversion is 
initiated by the falling edge of WR. While WRis low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the ,same time, the input is 
being acquired or sampled by lSB comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the lSB acquisition time is ended by 
closing the sampling switch to the lsB comparators. 
While WR is high, the lSB comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's. When the 
LSB comparison (}r conversion is complete, INTgoes 
low and latches the conversion result into the output 
latches. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, ·is similar to that 
described above for the WR-RD mode, e~ceillhe 
conversion is initiated by the falling edge of RD, and 
the M5B and LSB conversions are.generated by internal 
clock edges that are generated while RD is low. 

a).TtH Mode 

1.2.2 CONVEKrER:- StH· MODE 
The operating sequence for StH mode is illustrated in 
Figure1b~ Notice that it is similar to TtH. mode 
described above except this mode h~~ue sample ' 
and hold. function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 
the analog input is Sampled at the same time all __ 
comparators are auto-zeroed. The falling edge of WR " 
opens the internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sign.&..Jhe MSB comparators make 
their decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are latched. The lSB 
comparators make their decision when WR is high: 
When the lSB comparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisitioi1period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by internal clock edges that 
are generated while RD is low. 

I" -I.., -I" -I 
ALL COMPARATORS ACQWSITION LSB 

b). SlH Mode 
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AUTOZEROED. PERIOD. MSB COMPARATORS 
coMpARA.--oRS DECiOiNG. 
ARE TRACKING 
VIN. LSB 
COMPARATORS 

1 ARE,SAMPlING 1 t 
VIN. I 

CONVERSION 
STARJS. 

VIN SAMPLING 
ENDS.,MSB 
COMPARAlOR 
RESUIJS ARE 
LArCHED. 

\'-------JI 

iID BROUGHT LOW 
LArCHES LSB 
COMPARATOR 

:~~~~~ I~DLOW. 

-I 
ACQUISITION 
OR SAMPLING 
PERIOD. ALL 
COMPARAIORS 
AUlOZEROED. 

MSB, 
COMPARATORS 
DECIDING; , 

LSB 
COMPARAlORS 
DECIDING. 

I I i 
CONVERSION MSB iID BROUGHT LOW 
STARJS. COMPARAfOR LArCHES LSB 
VIN SAMPLING RESULTS ARE COMPARATOR 
ENOS. HOLD LArCH ED. RESUIJS AND 
TIME STARJS. BRINGS iN'f LOW. 

Figure 7. Operating Sequence (WR-RD Mode) 



1.3 REFERENCE 

The +VREF and -VREF inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the AID converter. Thus, +VREF defines 
the analog input which produces a full scale output and 
-VREF defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
AID converter is shown in Figure 8. 

+VREF and -VREF can be set to any voltage between GND 
and Vee. This means that the reference v91tages can be 
offset from GND and the difference betw.eeri +VREF+ and 
-:VREF- can be made'small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+VREF - (-VREF)) decreases. 

OUTPUT 
CODE FULL SCALE 

TRANSITION 

~ 
111111111 

11111110 

11111101 
1 
I 
I 
I 
I 

f 
00000010 

00000001 

.- .
/ 

~ 

OOOOOO11~' .-~ 

00000000 - -- - - --
o lLSB 2LSB'S 3LSB'S 

I I .. 

\FS 
FS - USB 

A'N, INPUT VOLTAGE I'~ TERMS OF LSB'S) 

Figure 8. AID lransfer Characteristic 

1.4 !'OWER SU!'!'LY AND REFERENCE DECOU!'LlNG 

A O.lpF ceramic disc capacitor is recommended to 
bypass Vee to GND, using as short a lead length as 
possible. 

If REF+ and REF- inputS are driven by long lines, they 
should be bypassed by O.lpF ceramic disc capacitors at 
the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 SINUSOIDAL INPUTS 

Since the ML2261 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequericy input to the converter could 
theoretically be 112 the sampling rate (fs); Any frequency 
components above fsl2 will be aliased below fsl2~ In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fsl2, then . 
the requirements on the anti-alias filter become difficult 

Mt2261 

to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fmax 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) for the ML2261 in 
the WR-RD mode, (tRD < tlNn) can be calculated as 
follows: 

f = 1 
max tWR + tRD + tRI + tl' 

1 
fmax = 170ns + 275ns + 255ns + 300ns 

fmax = 1.00 MHz 

tWR = Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

tRI = RD to INT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of lMHz for the 
ML2261. The dynamic performance specifications (SNR, _ 
HD, IMD, and FR) for the ML2261 are all spec,ified at K:I 
250kHz, which is approximately 1/4 of the sampling 
rate, fs. 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. . 

The Figure 9 plots are 4096 point FFT's of the ML2261 
converting a 257kHz and a 491kHz, 0 to 4.5\1, low 
distortion sine wave input. The ML2261 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one"half the.sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.5.2 SIGNAL·IO·NOISE RAllO 

Signal-ta-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 
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-20 

-30 

-~r---~_+------_r--_t--+_------r_----~ 
iii 
~ -50r-~--_+--~--_r---t--+_------r_~--~ 

~ -60 r-----_+------_r---II---+_------r_--,---~ 
z -ror-.-~_+-------r---ft--~------r_----;, 
~ -80 

-120 L, -------'-------'--------'--------,J-------' 
200 

FREQUENCY (KHz) 

400 

a) Ouput Spectrum with fiN = 257kHz, fs = 1 MHz 

Or------.-------r------,-------r.-~~~ 

200 400 

FREQUENCY (KHz) 

b) Output Spectrum with fiN = 491 kHz, fs = 1 MHz 

Figure 9. Dynamic Performance, Sample and Hold Mode 

1.5.3 HARMONIC DISTORTION 
Harmonic distortion is the ratio of the rms sum of 
harmonics to, the fundamental. Total harmonic 
distortion (THD) of the ML2261is defined as 

(Vi + V32 + V42 + VS2)'h 
20 log = .......;;-------'-~-

V1 

where V1 is the rmsamplitude of the fundamental and 
Vz, V3, V", Vs are the rms amplitudes of the indillidual 
harmonics. 

1.5.4 INTERMODULATION DISTORTION 
With inputs consisting of sine waves at two frequencies, 
fA and fs, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfs, where m, n =0, 1, 
2, 3 ... Intermodulation terms are those for which m 
or n is not equal to zero. The (lMD) intermodulation 
distortion specification includes'the second order terms 
(fA + fB) and (fA - fB) and the third order terms 
(2fA +fs), (2fA - is), (fA + 2fB), and (fA - 2fs) only. 

1.6 DIGITAL INTERFACE 
The ML2261 has tWo basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.6.1 RD MODE 
In the' R.D mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion ' 
with a single RD pulse. This a:Jlows the pP to start Cl 
conversion, wait, and then read data with a single 'read 
instruction. ' 

The timing for the RD mode is shown in Figure 2. To 
do a conversion, CS' must be low to select the device. 
After CS goes low, the RDY output goes low indicating 
that the device is ready to do a conversion. The _ 
conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSB decisions are made with 
internally generated clock edges. When the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 
outputs go from high impedance to active state with_ 
valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp~ 
data lines return to the high impedance state and INT 
returns high. A pull up resistor on RDY in the sample 
and hold mode will cause dock iQkction,. degrading 
the total unadjusted error, unless CS I is 2:: ;Wns before 
RDI. 

1.6.2 WR·RD MODE 
In the WR-RD m,ode, the WR/RDY pin is configured'as 
the WR input. ,1r:!.J!!is mode, WR initiates the 
conversion, and RD controls re!lding the output data. 
This can be done in several ways, described below. 

1.6.3 WR-RD MODE - USING I!!oITERNAL ,DELAY 
(tRO > tlNTU 

The timing is shown in Figure 3. To do aco'nversion, 
CS must be low to select the device. Then; WR falling 
edge triggers the conversion. While,WR islow,the,MSB, 
comparison is made. When WR returns, higlUhe lSB 
decision is made. After some internal delay, INT goes 
low indicating e'l!Lof conversion. Valid data will appear 
on DBQL7 when RD is pulled low. INT is then reset by ~ 
the ri~ing' edge of either CS or RD. 
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1.6.4 WR-RD MODE - READING BEFORE DELAY 
(tRO < tlNn) 

The internally generated delay for the LSB decision 
when tRO > tlNTl is longer than necessary due to 
circuit design tolerances of tlNTl delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRO' The timing diagram for this. mode is shown in 
Figure 4. WR is the same as when tRo > Jilirrl' But in 
this case, RD is broug!!L!9w tRo ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallinudge of RD and is reset 
on the rising~dge of RD or CS. When RD is brought 
low before INT goes low the data~s always remains 
in the high-impedance state until INTI. 

Ml2261 

1.6.5 WR-RD MODE - STAND ALONE OPERATION 

Stan~lone operation can be implemented by tying CS 
and RD low as shown in Fig~5. WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When,-~R goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will a~ar automaticall~ end of 
conversion. Since RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.6.6 POWER-ON RESET 

When power is first applied, !!!Linternal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the Ml2261 from starting in 
an unknown state. During this period of approximately 
3/.1s, INT remains high and the data bus is in the high
impedance state. 
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2.0 TYPICAL APPLICATIONS 

Vee 

+15Voe ML2261 

oro Vee 

~15Voe 

• NO PROTECTION IS REQUIRED IF INPUT CURRENT < 25mA 

2-122 

Figure 10. Protecting !he Input Figure 11. Using Vee as Reference for Ratiometric 
Operation 

ML2261 

csl-_~~ 

+VREF h..,....----'''-----fV.EFOUT 

ML2261 ML2340 
OIA 

WITH 
REFERENCE VOUT 

t+------c'-.J:;~I_I RIW 

~ ______ ...J\I OB7 
'--____ ....::;.=~ _____ ---,,/I OBO 

Figure 12. Using Extemal Reference of D/A Figure 13. 68000 lYpe Interface to ML2261 

5V 

+ .--..... ----j+VREF 
.1pf* 

r-.+---I 

loon 

cslf-------------------ocs 
WR WR 

j-L-"--_____ --'-....L....l-_______ ......JJ\ OB7 

.r---r~r_-------~lj OBO 

+ +VR£F 

~.1/lF OfL 1----~~~-----__.OB8 

'---t---IV'N OB71----....I 
~V'EF OBO 1------' 
GNO 

Figure 14.9-Bit Resolution 
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2.0 TYPICAL APPLICATIONS (Continued) 

5V 

50K 
25K 

Ml2261 

VIN 

V,N 

-=-

VREF 

(51+-_--------(5 
WRH-~~-------WR 

IIDI+-H--------iffi A 
I+-H--------+INT 

IWA 

/+----------IID B 

INT INT 

M12261 
D~r-----_n~~r.~~-----~~ 
DOO~----~~-----./I 

Figure 15. ±2.5V Analog Input Range Figure 16. Simultaneous Sampling of liNo Variables 

DB7 
~ -;--

IWA 
DOO 

V 
DO 

INT INT ---r Ri'i DEN 

0-- -Ml2261 rtf ADDRESS ~ HEN 
DECODE 

WR ~ Vt-DB7 TMS320 
DOO rv- IE14 

(5 ClOCK C15 
SOURCE 

~ OR Ml2341 
TIMER D/A 
'---

'"'"- PAO 
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Figure 17. TMS320 Interface with D/A Output 
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Figure 18. 8051 Interface to ML2261 
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TYPICAL APPLICATIONS (Continued) 

Vcc (SVnc) 

4k 

+VREF Vee 

+ r·1
/1F 

lk 

ML22&l 24k 

1---+---------1 V,N 

20k 

lk>4----J 

3k 

Figure 19. 'operating with a Ratiometric Analog Signal of 15% of Vee to 85% of Vee 

ORDERING INFORMATION 
lOTAL TEMPERATURE 

PART NUMBER UNADJUSTED ERROR RANGE PACKAGE 

ML2261BI] ±Y2 LSB -40°C to +85°C HERMETIC DIP ()20) 
ML2261BCP O°C to+70°C MOLDED DIP (P20) 
ML2261BCQ O°C to +70°C MOLDED PCC (Q20) 
ML2261C1) ±1 LSB -4Q°C to +85°C HERMETIC DIP (J20) 
ML2261CCP O°C to +70°C MOLDED DIP (P20) 
ML2261CCQ O°C to +70°C MOLDED PCC (Q20) 
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ML2264 

4-Channel High-Speed 8-Bit 
AID Converter with T/H (S/H) 

GENERAL DESCRIPTION 
The ML2264 is a high-speed, pP compatible, 4-channel 
8-bit AID converter with a conversion time of 680ns 
over the operating temperature range and supply 
voltage tolerance. The ML2264 operates from a single 
5V supply and has an analog input range from GND to 
Vee· 

The ML2264 has two different pin selectable modes. 
The TIH mode has an internal track and hold. The 5/H 
mode has a true internal sample and hold and can 
digitize 0 to 5V sinusoidal signals as high as 500kHz. 

The ML2264 digital interface has been designed so that 
the device appears as a memory location or 1/0 port 
to a pP. Analog input channels are selected by the 
latched and decoded multiplexer address inputs. 

The ML2264 is. an enhanced, pin compatible second 
source for the industry standard AD7824. The ML2264 
enhancements are faster conversion time, parameters 
guaranteed over the supply tolerance and temperature 
range, improved digital interface timing, superior 
power supply rejection, and better latchup immunity 
on analog inputs. 

BLOCK DIAGRAM 

Vee +VREF 

I I 
A IN 1 

A IN 2 
DB7 

A IN 3 
DBb 
DBS 

A IN 4 DB4 
DBJ 
DB2 
OBI 

DBO 

AO Al INT CS WR/RDY iID sHii'H MODE 

FEATURES 
• Conversion time, WR-RD mode over temperature 

and supply voltage tolerance 
Track & Hold Mode .................... 830ns max 
Sample & Hold Mode ................. 700ns max 

• Total unadjusted error ......... ±1/2 LSB or ±1 LSB 
• Capable of digitizing a 5Y, 250kHz sine wave 
• 4-analog input channels 
• No missing codes 
• OV to 5V analog input range with single 5V power 

supply 
• No zero or full scale adjust required 
• Analog input protection ................. 2SmA min 
• Operates ratiometrically or with up to SV voltage 

reference 
• No external clock required 
• Power-on reset circuitry 
• Low power .................................... 100mW 
• Narrow 24-pin DIP or surface mount SOIC 
• Superior pin compatible replacement for AD7824 

PIN CONNECTIONS 
24-Pin DIP 

A IN 4 vee A IN 4 

A IN J sHii'H A IN 3 

A IN 2 AO 
A IN 2 

A IN 1 Al 
A IN 1 

MODE DB7 
MODE 

DBO 
DBO DBb 

OBI 
OBI DBS 

DB2 
DB2 DB4 

DB3 
DB3 cs iID 
iID WR/RDY INT 

INT +VREF GND 

GND -VREf 

lOP VIEW 

24-Pin sOle 

TOP VIEW 

Vee 

sHii'H 

AO 

Al 

DB7 

DBb 

QBS 

DB4 

CS 
WR/RDY 

+VREF 

-VREF 
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PIN DESCRIPTION 
PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION 

1 A IN 4 Analog input 4. 15 WR/RDY Write input or ready outRut. In 

2 A IN 3 Analog input 3. WR-RD mode, this pin is WR 
input. In RD mode, this pin is 

3 A IN 2 Analog input 2. RDY open drain output. See 
4 A IN 1 Analog input 1. Digital Interface section. 

5 MODE Mode select input. 16 CS Chip select input. This pin must 
MODE = GND: RD mode be held low for the device to 
MODE = Vee: WR-RD mode perform a 'conversion. ' 

Pin has internal current source 17 DB4 Data output - bit 4. 
pulldown'to GND. 

18 DB5 Data output - bit 5. 
6 DBO Data output - bit 0 (LSB). 

19 DB6 Data output - bit 6. 
7 DB1 Data output - bit 1. 

20 DB7 Data output - bit 7 (MSB). 
8 DB2 Data output -. bit 2. 

21 A1 Digital address input 1 that 
9 DB3 Data output - bit 3. selects analog input channel. 
10 RD Read input. In RD mode, this See multiplexer addressing 

pin initiates a conversion. In section. 
WR-RD mode, this pin latches 22 AO Digital address input 0 that 
data into output latches. See selects analog input channel. 
Digital Interface section. See multiplexer addressing 

11 INT Interrupt output. This output section. 
signals the end of a conversion 23 SH/TH S/H~H mode select. When 
and indicates that data is valid SH/TH = V co the device is in 
on the .data outputs. See Digital sam~ and hold mode. When 
Interface section. SH/TH = GND, the device is in 

12 GND Ground. track and hold mode. Pin has, 

13 -VREF Negative reference voltage for internal pulldown current 

AID converter. source to GND. 

14 +VREF Positive reference voltage for 24 Vee Positive supply. +5 volts ± 5%. 

AID converter. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vcc ....................... 4.5Voc to 6.0VDC 
Supply Voltage, Vcc .................................... 6.5V Temperature Range (Note 3) .............. T MIN :5 T A :5 T MAX 
Voltage ML2264BMj, ML2264CMj ................. -55°C to +125°C 

Logic Inputs ............ : ............... -O.3V to Vcc + 0.3V M12264Blj, M12264Clj ..................... -40°C to +85°C 
Analog Inputs ........... , .............. -O.3V to Vcc + O.3V ML2264BCS, ML2264CCS 

Input Current per Pin (Note 2) ...................... ±25mA ML2264BCp, M12264CCP ..................... O°C to +70°C 
Storage Temperature ....................... -65°C to +150°C 
Package Dissipation 

at T A = 25°C (Board Mount) ....................... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Plastic) ........................ 260°C 
Dual-In-Line Package (Ceramic) ... . . . . . . . . . . . . . . . . .. 300°C 
SOIC 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared.(15 sec.) .................................. 220~C 
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ELEORICAL CHARAOERISTICS 
Unless otherwise specified, TA = TMIN to TMAlV Vee = +VREF = 5V ± 5%, and -VREF = GND 

ML2264XCX ML2264XIl<, ML2264XMX 

PARAMETER NOTES CONDITIONS MIN I (N!": 4) I MAX MIN I (N:: 4) I MAX UNITS 

Converter 

Total Unadjusted Error 
ML2264BXX 5,7 VREF = Vee ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Integral Linearity Error 
ML2264BXX 5,7 VREF = Vee ±1/2 ±112 LSB 
ML2264CXX ±1 ±1 LSB 

Differential Linearity Error 
ML2264BXX 5 VREF = Vee ±112 ±112 LSB 
ML2264CXX ±1 ±1 LSB 

Full Scale Error 
ML2264BXX 5 ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Zero Scale Error 
ML2264BXX 5 ±1/2 ±1/2 LSB 
ML2264CXX ±1 ±1 LSB 

Channel to Channel 5 ±1/4 ±1/4 LSB 
Mismatch 

+VREF Voltage Range 6 -VREF Vee+O.1 -VREF Vee+0.1 V 

-VREF Voltage Range 6 GND-0.1 +VREF GND-0.1 +VREF V 

Reference Input 5 1 2.5 4 1 2.5 4 kn 
Resistance 

Analog Input Range 5,8 GND-0.1 Vee+0.1 GND-0.1 Vee+0.1 V 

Power Supply Sensitivity 5 DC ±1/32 ±1/4 ±1/32 ±1/4 LSB 
Vee=5V±5%, VREF=4.50V 

100mVp-p ±1/16 ±1116 LSB 
100kHz sine on Vee, 
VIN = 0 

Analog Input Leakage 5 ON Channel = Vee 
-1 -1 IlA Current, OFF Channel OFF Channel = OV 

ON Channel = OV 
1 1 IlA 

OFF Channel = Vee 

Analog Input Leakage 5 ON Channel = OV 
-1 -1 IlA Current, ON Channel OFF Channel = Vee 

ON Channel = Vee 
1 1 IlA OFF Channel = OV 

Analog Input Capacitance During Acquisition Period 45 45 pF 

Digital and DC 

VIN(1~ Logical "1" Input WR, RD, CS, AO, A1 2.0 2.0 V 
5 

Voltage MODE, SH/TH Vee-0.5 Vee-O.5 V 

VIN(Oy Logical "0" Input WR, RD, CS, AO, A 1 0.8 0.8 V 
5 

Voltage MODE, SH/TH 0.5 0.5 V 

'Micro Linear 2-127 



ML2264 

ELEaRICAL CHARAaERISTICS (Continued) 
Unless otherwise specified, TA = Tj\'\IN to TMAJ<, Vee = +VREF = 5V ± 5%, ~VREF = GND, and timing measured at 1.4\1, 
Cl = 100pF. 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS MIN J(N~:4) I MAX MIN I (N!": 4) I MAX UNITS 

Digital and DC (Continued) 

IIN(1), logical "1" WR, RD, CS, 1 1 pA 
Input Current 5 VIH=Vee AO, A1 

MODE,SH/TH 15 50 150 15 50 150 pA 

IIN(O, logical "0" 5 VIL =GND WR, RD, CS -1 -1 pA 
Input Current 

MODE, SH/TH -20 -20 pA 

VOUT(1), logiCal "1" 5 lOUT = -2mA 4.0 4.0 V 
Output Voltage 

VOUT(O, logical "0" 5 lOUT = 2mA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output VOUT = OV -1 -1 pA 
5 

Current VOUT = Vee 1 1 pA 

Caul, logic Output 5 5 pF 
Capacitance 

C'N, Logic Input 5 5 pF 
Capacitance 

leo Supply Current 5 CS = WR = RD = "1" 18 20 mA 
No Output load 

AC and Dynamic Performance (Note 9) 

teRo, Conversion Time, 5 RD to INT, MODE = OV 1020 1100 ns 
Read Mode 

tewR-Ro, Conversion Time, 5,9 WRFalli~ -

Write-Read Mode Edge to INT, 
SHITH=Vee 700 775 ns 

tRO < tiNT, -
MODE = Vee SH/TH=GND 830 930 ns 

SNR, Signal to Noise Ratio VIN = 5\1, 250kHz 48 48 dB 
Noise is sum of all 
nonfundamental 
components 
from 0-500kHz. 
SHITH = Vee, MODE = Vee 
fSAMPLING = 1.0 MHz 

HD, Harmonic Distortion VIN = 5\1, 250kHz -63 -63 dB 
THD is sum of 2-5th 
harmonics relative to 
fu ndamental. 
SH/TH = Veo MODE = Vee 
fSAMPLING = 1.0 MHz 

IMD, Intermodulation fa = 2.5\1, 250kHz -60 -60 dB 
Distortion fb = 2.5\1, 248kHz 

1MB is (fa + fb), (fa - fb), 
(2fa + fb), (2fa - fb), 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
SH/TH = VeoMODE = Vee 
fSAMPLING = 1.0 MHz 
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ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJV Vee = +VREf = 5V ± 5%, -VREf = GND, and timing measured at 1.4Y, 
CL = 100pF 

ML2264XCX ML2264XIX, ML2264XMX 

PARAMETER NOTES CONDITIONS MIN I (N~:4) I MAX MIN I (N~: 4) I MAX UNITS 

AC and Dynamic Performance (Note 9) (Continued) 

FR, Frequency Response VIN = 5\1, 0-250kHz ±0.1 ±0.1 dB 
Relative to 1 kHz 
SH/TH = Vco MODE = Vcc 
fSAMPLING = 1.0 MHz 

SHITH = Vcc 4.0 4.0 Vips 
SR, Slew Rate Tracking 6 

SH/TH = GND .25 .25 Vips 

tAS, Multiplexer Address 5 SH/TH = GND, Figure 1 0 0 ns 
Setup Time (Track & Hold Operation) 

tAH, Multiplexer Address 5 SHITH = GND, Figure 1 60 70 ns 
Hold Time (Track & Hold Operation) 

tAS, Multiplexer Address 5 SH/TH = V cc, Figure 2 225 245 ns 
Setup Time (Sample & Hold Operation) 

tAH, Multiplexer Address 5 SH/TH = Vcc, Figure 2 60 70 ns 
Hold Time (Sample & Hold Operation) 

AC Performance Read Mode (Pin 5 = OV), Figure 4 

tROY, CS to RDY Delay 5 0 60 0 65 ns 

tRoD, RD Low to 5,10 Figure 3 1020 1100 ns 
RDY Delay 

tcss, CS to RD, WR 5 0 0 ns 
Setup Time 

tCSH, CS to RD, WR 5 0 0 ns 
Hold Time 

ICRO, Conversion Time - 5,10 1020 1100 ns 
RD Low to INT Low 

tACCO, Data Access Time 5 tCRo tCRo+30 tCRO tCRO+30 ns 
RD to Data Valid 

tROPW, RD Pulse Width 5 tCRo+30 tCRo+30 ns 

tINTH, RD to INT Delay 5,10 0 65 0 75 ns 

tOH, Data Hold Time - 6,10 Figure 3 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tp, Delay Time Between 5, 10 Sa~ & Hold Mode, 300 325 ns 
Conversions - INT Low SH/TH = Vcc 
to RD Low 

Track & Hold Mode, 240 260 ns 
SH/TH = GND 

AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 

tcss, CS to RD, WR 5 0 0 ns 
Setup Time 

tCSH, CS to RD, WR 5 0 0 ns 
Hold Time 

- 5 SHITH = Vcc 190 50K 205 50K ns 
tWIV WR Pulse Width 

SH/TH = GND 320 50K 360 50K 6 ns 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAlV Vec" +VREF = 5V ± 5%, -VREF = GND, and timing measured at1.4Y, 
CL = 100pF 

ML2264XcX ML2264XIlC, ML2264XMX 

PARAMETER NOTES CONDITIONS MIN I (N::4) I MAX MIN I (N:4) I MAX UNITS 

/1£ Perfonnance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 (Continued) 

tRO, Read Time - WR 5 tRO < tlNTl 275 300 ns 
High to RD Low Delay 

tRI, RD to INT Delay 5,10 tRO < tlNTl 0 235 0 270 ns 

tAC.c1L Data Access Time 5 tRO < tlNTl 0 240 0 300 ns 
- RD Low to Data Valid 

tcw--'!:RP, Conversion Time 5,9,10 tRO < tINTl! SH/TH = Vee 700 775 ns 
- WR Falling Edge to 

tRO < tINTl! SH/TH = GND 830 INT Low 6,9,10 930 ns 

tINTl! Internal Comparison 5, 10 tRO > tlNTl 620 670 ns 
Time - WR Rising Edge 
to INT Low 

tAC~ Data Access Time 5 tRO > tlNTl 0 50 0 60 ns 
- RD to Data Valid 

!mi, Data Hold Time - 6,10 Figure 3 0 50 0 60 ns 
RD Rising Edge to Data 
High Impedance State 

tlNTH, RD! to INT! Delay 5,10 0 65 0 75 ns 

tp, Delay Time Between 5,10 Sam~ & Hold Mode, 300 325 ns 
Conversions - INT Low SHITH = Vee 
to WR Low 

Track & Hold Mode, 240 260 ns 
SH/TH = GND 

tlHWIV WR! to INT! Delay 5,10 Standalone Mode 0 90 0 100 ns 

tlO, INTI to Data 5,10 Standalone Mode 0 20 0 30 ns 
Valid Delay 

Note 1: Absolute maximum ratings ·are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured ·with respect to ground. 

Note 2: 

Note 3: 

Note 4: 
Note 5: 
Note 6: 
Note 7: 

Note 8: 

Note 9: 
Note 10: 
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When the voltage at any pin exceeds the power supply rails (V,N < GND or Y,N > Vecl the absolute value of current at that pin 
should be limited to 2SmA Or less. 
-SS·C to +12S·C operating temperature range devices are 100% tested at temperature extremes with worst-case testconditi'ons. 
O·C to +70·C and -40·C to+8S·C .operating temperature range devices are .100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. . 
Typicals are parametric norm at 2S·C. 
Parameter guaranteed and 100% production tested. 
Para.meter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Total unadjusted error includes offset, full scale, linearity, sample and hold, and mUltiplexer errors. Total unadjusted error is tested at 
the minimum specified times for WR, RD, t R1, and tp. For example, for the ML2264XCX in the sample and hold mode, WR/RD mode: 
tWR = 19Ons, tRD = 27Sns with a frequency of 1.000MHz (cycle time of l000ns). . 
For -VREF 2:: Y'N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 
for analog input voltages one diode drop below ground or one diode drop greater than the Vee supply. Be careful, during testing at 
low Vee levels (4.5V), as high level analog inputs (SV) can cause this input diode to conduct - especially at elevated temperatures, and . 
cause errors tor analog inputs near full scale. The spec allows l00mV forward bias of either diode. This means that as long as the analog 
Y'N or VREF does not exceed the supply voltage by more than 100m\l, the output code will be correct. To achieve an absolute OVoc to 
SVoc input voltage range will therefore require a minimum supply voltage of 4.900Voc over temperature variations, initial tolerance and 
loading. 
Conversion time, write~read mode = tWR + tRO + tRio 

Defined from the time an output crosses O.BV or 2.4Y. 
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AO'Al~ZI/J1~ 
'AH 

tAS ----.1 
WR 

a) RD Mode (Pin 5 = GND) b) WR-RD Mode (Pin 5 = Ved 

Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND) 

Cs~AS ~ ~tAH 
AO, Al .~f8~/"""-1r-r-!I-r-r!l-r-771-'--'I"""""71-r-r-I!"""1 

Figure 2. Analog Multiplexer Address Timing for Sample & Hold Mode (Pin 23 = V cd 
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DATA 
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Vee 
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10PFT 

OUTPUT 
ENABLE 

OUTPUT 

OUTPUT 
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OUTPUT 

Vee 

vec-----I 

Vm----.-

Figure 3. High Impedance Test Circuits and Waveforms 
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cs , , 
\ _ .. _--

Ri'i t-· ~ 

ROY 

• In SAMPLE & HOLD mode a pull up resistor on ROY should not be 
used unless CSI is 2: 20ns before ROI. 

Figure 4. RD Mode Timing 

Figure 5. WR-RD Mode Timing (tRD > tlNn) 

080-087 ----------

Figure 6. WR-RD Mode Timing (tRD < tlNn) 

~tINTl--" 

-rllD 
080-087 ____ ...J)>-----~-...;'6:;;I\A.:.:~iA.:.°....J>-

Figure 7. WR-RD Mode Stand-Alone Timing CS = RD = 0 

2-132 l1II~ Micro Linear 



1.0 FUNOIONAL DESCRIPTION 
The ML2264 uses a two stage flash technique for AID 
conversion. This technique first performs a 4 bit flash 
conversion on VIN to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. 

1.1 MULTIPLEXER ADDRESSING 

The ML2264 contains a 4-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address inputs AO and A1. The relationship 
between the address inputs, AO and A1, and the analog 
input selected is shown in Table 1. 

Selected Address Input 

Analog Channel AO A1 

A IN 1 0 0 

A IN 2 1 0 

A IN 3 0 1 

A IN 4 1 1 

Table 1. Multiplexer Address Decoding 

The address inputs~ latched into the ML2264 on the 
falling edge of t~RD, WR, or CS depending on the 
state of pins SH/TH and mode as shown in Table 2. 

Address Latching 
Signal Mode Operation Mode 

RDI GND GND 

WRI Vee GND 

CSI GND Vee 

CSI Vee Vee 

Table 2. 

In the Sample & Hold mode of operation CS is used as 
the address latch enable, allowing for continuous 
conversions without addressing a given analog input for 
each conversion. 

The Track & Hold mode of operation requires an 
analog input to be addressed and latched for each 
conversion that the ML2264 performs. 

1.2 ANALOG INPUTS 

The analog input on the ML2264 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in . 

Ml2264 

The equivalent input circuit for the converter is shown 
in Figure 8. When the conversion starts in the T/H 
mode (WRI in the WR-RD mode or RDI in the RD 
mode) 51, 54 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, VIN is 
connected to the 16 MSB and 15 LSB comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined RON resistance of the internal 
analog switches plus any external source resistance, Rs. 
In addition, there is a stray capacitance of 
approximately 11 pF that needs to be charged through 
the external source resistance Rs. This period ends in 
the WR-RD mode when WRt or by an internal timer in 
the RD mode. At this point 51 and 54 open and the 
analog input at VIN is no longer being sampled; thus 
during this time the analog voltage on VIN does not 
affect converter performance. 

As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
VIN must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least SOns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finite....<=harging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 

When the ML2264 operates in the S/H mode (pin 23 = 
Vecl both the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or sampli!:!g period. This period starts after 
th~ling edge of INT and ends with the falling e~ 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period Sl, 53, S4 and S6 close, therefore 
46 pF of input capacitance must be charged up in 
addition to the 11 pF of stray capacitance. 

1.3 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2264 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
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tracking it as long as the slew rate of the arialog input 
is slow enough so that the MSB comparators :can 
respond. The ML2264 can track and hold signals .with 
slew rates as high as .25V/p.s ('16kHz @ 5 volts) Without 
sacrificin& conversion accuraCy. 

The ML2264in S/H ,mode does not have the slew rate 
limitation of the T/H mode since an internal sample .and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theOretically 
digitize signals of frequencies' much higher .t~~n the 
T/H mode. The ML2264 in S/H mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4V/p.s) without sacrificing conversion 
accuracy. In most applications, the S/H mode is more . 
desirable than T/H mode because of the better dynarruc 
performance. 

1.3.1 CONVERTER - T/H MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 9a,J!illially, the internal comparators 
are auto_zeroed while WR is h!&h.- A conversion. is 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the .input is 
being acquirecLQr sampled by LSB. comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSB acquisition tirrie is ended by 
closin&Jh.e sampling switch to the LSB comparators. 
While WR is high, the LSB comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's. When the 
LSB comparison or conversion is complete, INT goes 
low and liltches the conversion result into the output 
latches. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, excem.Jhe 
conversion is initiated by the falling edge of RD, and 
the MSB and LSB conversions are generated by internal 
clock' edges that are generated while RD is low. 

PllPF 

54 ' 

6.4K .lpF RoN 
RoN :rl'J4~PF J.6K 

ro LS --df, : I S6 
LADDER S5 ~.65PF '::' ~ 

15 LSB COMPARAlORS 

Figure 8. Converter Equivalent Input Circuit 

1.3.2 CONVERTER - S/H MODE 

The operating sequence for S/H mode is illustrated in 
Figure 9b. Noticethat it is similar to T/H mode 
described above except this mode has~ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 
the analog input is sampled at the same time all __ 
comparators are auto-zeroed. T.he falling edge of ~,R. 
opens the internal sampling SWitch, ends the acqUisitIOn 
period, and starts the conversion on the internally 
sample and held sign.&j'he MSB compar~t.ors make 
their decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are latched: T~e LSB 
comparators make their decision when WR IS high. 
When the LSB comparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB ' 
conversions are generated by internal clock edges that 
are generated while RDis low. 
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a). T/H Mode 

\,------,1 
ACQUISITION 
OR SAMPLING 
PERIOD. ALL 
COMPARATORS 
AUTOZEROED. 

MSB 
COMPARATORS 
DECIDING. 

LSB 
COMPARATORS 
DECIDING. 

b). S/H Mode 

CONVERSION 
STARTS. 
V,N SAMPLING 
ENDS. HOLD 
TIME STARTS. 

r 
MSB 
COMPARATOR 
RESULTS ARE 
LATCHED. 

\,---~I 

iID BROUGHT LOW 
LATCHES LSB 
COMPAIWOR 
REsurrs AND 
BRINGS INT Low. 

ALL COMPAIWORS ACQUISITION 
AUTOZEROED. PERIOD. MSB 

COMPARATORS 
ARE TRACKING 
V,N. LSB 
COMPARATORS 

LSB 
COMPARATORS 
DECIDING. 

t ARE SAMPLING t 
I V,N. I 

CONVERSION 
STARTS. 

V,N SAMPLING 
ENDS. MSB 
COMPAIWOR 
REsurrs ARE 
LATCHED. 

r 
iID BROUGHT LOW 
LATCHES LSB 
COMPAIWOR 
RESULTS AND 
BRINGS INT LOW. 

Figure 9. Operating Sequence (WR-RD Mode) 

1.4 REFERENCE 

The +VREF and -VREF inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the AID converter. Thus, +VREF defines 
the analog input which produces a full scale output and 
-VREF defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
AID converter is shown in Figure 10. 

+VREF and -VREF can be set to any voltage between GND 
and Vee. This means that the reference voltages can be 
offset from GND and the difference between +VREF+ and 
-VREF- can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+VREF - (-V REF)] decreases. 

OUTPUT 
CODE 

111111111 
11111110 

11111101 

00000010. 

I 
I 
I 
I 
I 
I /~ 

00000001 . 

~ 

~ 
~ 

~ 

FULL SCALE 

)-
00000011iL 

00000000 - - - - - - - -+---1;-1 -+1 ......... 
o lLSB2LSB'S3LSB'S \. FS 

1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A 0.1pF ceramic disc capacitor is recommended to 
bypass Vee to GND, using as short a lead length as 
possible. FS - llSB 

AoN, INPUT VQIJAGE (IN TERMS OF LSB'S) 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1pF ceramic disc capacitors at 
the reference input pins. 

Figure 10. AID Transfer Characteristic 
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1.6 DYNAMIC PERFORMANCE 

1.6.1 SINUSOIDAL INPUTS 

Since the Ml2264 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fs)' Any frequency 
components above fsl2 will be aliased below fsl2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is tob close to fsl2, then 
the requirements on the anti-alias filter become difficult 
to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of. fMAJ( 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (fmax) for the Ml2264 in 
the WR-RD mode, (tRD < tINTL) can be calculated as 
follows: 

1 fmax = -----'-----
tWR + tRD + tRI + tp 

f = 1 
max 190ns + 275ns + 235ns + 300ns 

fmax = 1.000 MHz 

tWR = Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

tRI = RD to INT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the 
Ml2264. The dynamic performance specificati()ns (SNR, 
HD, IMD, and FR) for the Ml2264 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, fs. 

-20 

-30 

-~r---~r----1--'--1----1---~ 
!if 
:s -50 r---~r----1--lI--1----1---~ 

~ -60r---~r----1--lI--1----1---~ 
z -70r-.--~r----1--&--1----1---~ 
~-80 

-90 

-100 1-'-'+--II---L-Jr'-'-t+'H--YfU-'+--1HI-'--¥-'-K-~HII!-.J'-IH 

-110 r---~r--+--1--'---'-1--+'--1---1H 
-120 '-_~---lL-__ ---l ___ ---l ___ ---l ___ --l 

o 200 

FREQUENCY (kHzl 
400 

a) Output Spectrum with fiN'" 257kHz, fs = lMHz 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, or where a filter with a steep amplitude 
response is available, the user can apply an' input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. ' 

The Figure 11 plots are 4096 point FFT's of the Ml2264 
converting a 257kHz and a 491kHz, 0 to 4.5V, low 
distortion sine wave input. The Ml2264 samples and 
digitizes at its specified accuracy; dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.6.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rmsmagnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THO) of the Ml2264 is defined as 

-10 

-20 

-30 

SNR 49.1dB 
HD -S8.33dB 
vee' VREF • S.OV 
TA' 2S'C --+----+----+-----+1 

-40~--~~--~---~----1---~ 

200 400 
FREQUENCY (kHz) 

b) Output Spectrum with fiN = 491 kHz, fs = 1 MHz 

Figure 11. Dynamic Performance, Sample and Hold Mode 
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(vi + vi + V42 + VS2)'h 
20 log = --='-----"-------'----"-

V1 

where Vl is the rms amplitude of the fundamental and 
V2, V3, V4, Vs are the rms amplitudes of the individual 
harmonics. 

1.6.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitizatiQn process; 
the more the levels, the smaller the quantization. noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THO) of the ML2264 is defined as 

(Vi + vi + V42 + VS2)'h 
20 log = -----0_----"_---'_----'-_ 

Vl 

where V1 is the rms amplitude of the fundamental and 
V2t V3, V'" Vs are the rms amplitudes of the individual 
harmonics. 

1.6.4 INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fB, any adive device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfB, where m, n = 0, 1, 
2, 3 ... Intermodulation terms are those for which m 
or n is not equal to zero. The (lMD) intermodulation 
distortion specification includes the second order terms 
(fA + fB) and (fA - fB) and the third order terms 
(2fA + fB), (2fA - fB), (fA + 2fs), and (fA - 2fs) only. 

1.7 DIGITAL INTERFACE 

The ML2264 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.7.1 RD MODE 

In the RD mode, the WR/RDY pin is configured as the 
ROY output. The read mode performs a conversion 
with a single RD pulse. This allows the fJP to start a 
conversion, wait, and then read data with a single read 
instruction. 

The timing for th~D mode is shown in Figure 4. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the ROY output goes low indicating 
that the device is ready to do a conversion. The _ 
conversion starts on the falling edge of RD. While RD is 
low, the MSB and lSB decisions are made with 

ML2264 

internally generated clock edges. When the conversion 
is complete, ROY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 
outputs go from high impedance to active sta~with_ 
valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp~ 
data lines return to the high impedance state and INT 
returns high. 

1.7.2 WR-RD MODE 

In the WR-RD mode, the WR/RDY pin is configured as 
the WR input. I~is mode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 

1.7.3 WR-RD MODE - USING INTERNAL DELAY 
(tRD > tlNn) 

The timing is shown in Figure 5. To do a conversion, 
CS must be low to select the devic~en, WR falling 
edge triggers the conversion. While WR is low, the MSB 
comparison is made. When WR returns higl!.!he lSB 
decision is made. After some internal delay, INT goes 
low indicating er:!!Lof conversion. Valid data will appear 
on DBO-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 

1.7.4 WR-RD MODE - READING BEFORE DELAY 
(tRD < tlNn) 

The internally generated delay for the lSB decision 
when tRD > tlNTl is longer than necessary due to 
circuit design tolerances of tlNTl delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRD. The timing diagram for this mode is shown in 
Figure 6. WR is the sameas when tRD > .!llirrl. But in 
this case, RD is brougil!J9w tRD ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallin~dge of RD and is reset 
on the risin.!L!!..dge of RD or CS. When RD is brought 
low before INT goes low the datal!!!? always remains 
in the high-impedance state until INT!. 

1.7.5 WR-RD MODE - STAND ALONE OPERATION 

Stan~lone operation can be implemented by tying CS 
and RD low as shown in Fig~7. WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When~R goes high, the lSB 
comparison is made. Since RD is already low, the 
output data will a~ar automaticall~ end of 
conversion. Since RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.7.6 POWER-ON RESET 

When power is first applied, '!!!..internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the Ml2264 from starting in 
an unknown state. During this period of approximately 
3fJs, INT remains high and the data bus is in the high
impedance state. 
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2.0 TYPICAL APPLICATIONS 

5V 

+15VOC 
Vcc 

+ 

>-+---<>-IA'N J.lIlF 
ML2264 

-lSVoc 

• NO PROfEcnON IS REQUIRED IF INPUT CURRENT <25mA 

Figure 12. Protecting the Input 

r 1---<...-.--05V 

o :5 VIN :5 Vee 

L 

Figure 13. Using Vee as Reference for Ratiornetric 
Operation 

I 
OSV'NS4.5 

L 

VREFOUT 
Vee 

ML2340 
D/A 

WITH 
REFERENCE 

Figure 14. Using External Reference of D/A 

12V 

Vour 

ML2264 I ---<f7n::'~1 
CS~ .". 
M ~--~~ 

Al r---L-_.J 
INT~---~-----~ 

Figure 15. 68000 lYpe Interface to ML2264 

5V 

50K 

ML2264 

A IN 1 

A IN 2 

A IN 3 
A IN 4 

Figure 16. ±2.5V Analog Input Range 

A IN 1 
A IN 2 
A IN 3 
A IN 4 

ML2264 8051 

~---IP3,1 
~---IP3,2 
H------1 P3, 3 

OArA 

Figure 17. 8051 Interface to ML2264 
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2.0 TYPICAL APPLICATIONS (Continued) 

A IN I 
A IN 2 
A IN 3 
A IN 4 

g~t------;OAr.=A-----------'\ g~ 

VOUT 

r----------+I iNT 
r--------liJEN 

TMS320' 
IEI4 
CIS 

PM 
PAl 

(5/+------' "-----l Pi\2 
WRr-------~~W~E __ _l 

Figure 18. TMS320 Interface with D/A Output 

Vee (SVDcI 

4k 

+VREF 
Vee 

Ik + r .lpF 

24k 
ML2264 

":" 

A IN I 
A IN 2 
A IN 3 
A IN 4 

20k 

-VREf 

Ik>.-.---l 

3k 

Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vee to 85% of Vee 

ORDERING INFORMATION 
TOTAL TEMPERATURE 

PART NUMBER UNADJUSTED ERROR RANGE PACKAGE 

ML2264BM] ±1f2 LSB -55DC to +125DC HERMETIC DIP (J24) 
ML2264BIj -40DC to +85DC HERMETIC DIP (J24) 
ML2264BCP ODC to +70DC MOLDED DIP (P24) 
ML2264BCS ODC to +70DC MOLDED SOIC (S24) 
ML2264CM] ±1 LSB -55DC to +125DC HERMETIC DIP (J24) 
ML2264C1] -40DC to +85DC HERMETIC DIP (]24) 
ML2264CCP ODC to +70DC MOLDED DIP (P24) 
ML2264CCS ODC to +70DC MOLDED SOIC (S24) 
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October 1990 
PRELIMINARY 

ML2271 

pP Compatible High-Speed 10-Bit 
AI D Converter with S I H 

GENERAL DESCR~PTlON 
The ML2271 is a high speed, flP compatible 10-bit AID 
converter. A three step flash technique is used to 
achieve a conversion time of 1.45flS. The ML2271 
operates from a single 5V supply and has an analog 
input range from GND to Vee. 

The ML2271 has a true internal sample and hold and 
can digitize sinusoid signals as high as 150kHz without 
conversion errors. 

The ML2271 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a flP' eliminating the need for external interfacing 
logic. The data outputs are latched and have three 
state control, allowing direct connection to a flP bus 
or I/O port. The addition of an internal timing 
generator also allows the device to easily operate in 
stand alone applications. 

The ML2271 is pin and function compatible with the 
ADC1061. 

BLOCK DIAGRAM 

I 

A vee 

4-BIT 
FLASH 
AID 

5·BIT 
FLASH 
AID 

FEATURES 
• Conversion time over temperature and 

supply voltage tolerance 1.5/1s 
• Linearity error ±1/2 LSB or ±1 LSB 
• Full scale error ±112 LSB or ±1 LSB 
• Zero error ±1/2 LSB or ±1 LSB 
• Capable of digitizing a 5Y, 150kHz sine wave 
• No missing codes 
• OV to 5V analog input range with single SV power 

supply 
• Analog input protection 25mA min 
• Operates ratiometrically or with up to 5V voltage 

reference 
• No external clock required 
• Easy interface to flP' or operates standalone 
• Latched, 3-state data outputs 
• Power-on reset circuitry 
• Low power 180mW max 
• Standard 20-pin DIP or surface mount SOIC 
• O°C to 70°C, -40°C to +85°C, -55°C to +125°C 

operating temperature range 
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PIN CONNECTIONS 
20-Pin DIP 

o Vee DRO 

INT DB! 

WR DB2 

iID DB3 

CS DB4 

A vcc DBS 

-VREF DB6 

V,N DB7 

+VREF DBB 

GND DB9 

TOP VIEW 

PIN DESCRIPTION 
PIN NO. NAME FUNOION 

D Vee Digital supply. +5V ± 5%. 
Connect to A Vee. 

2 INT Interrupt output. This output 
signals the end of a conversion 
and indicates that data is valid 
on the data outputs. 5ee Digital 
Interface section. 

3 WR Write input. Input which 
initiates a conversion. See 
Digital Interface section. 

4 RD Read input. This input latches 
data into the output latches. 
See Digital Interface section. 

5 CS Chip select input. This in~ 
mus~ held low during WR 
and RD for the device to 
perform a conversion. 

6 A Vee Analog supply. +5V ± 5%. 
Connect to D Vee. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage, A Vcc, D Vcc .......................... 6.5V 
Voltage 

Logic Inputs ........................... -O.3V to Vcc + O.3V 
Analog Inputs ......................... -O.3V to Vcc + 0.3V 

Input Current per Pin (Note 2) ...................... ±25mA 
Storage Temperature .....•................. -65°C to +150°C 
Package Dissipation 

at T A = 25°C (Board Mount) ....................... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Molded) ...................... 260°C 
Dual-In-Line Package (Ceramic) ..................... 300°C 
Molded Small Outline IC Package 

Vapor Phase (60 sec.) .............................. 215°C 
Infrared (15 sec.) ................................... 220°C 

ML2271 

20-Pin sOle 

D Vcc DRO 
INT DB! 
Wi! DB2 
iID DB3 
CS DB4 

A vcc DB5 

-VREF DB6 
V,N D87 

+VREF DBB 
GND DB9 

TOP VIEW 

PIN NO. NAME FUNOION 

7 -VREF Negative reference input voltage 
for AID converter. 

8 Y,N Analog input. 

9 +VREF Positive reference input voltage 
for AID converter. 

10 GND Ground. 

11 DB9 Data output - bit 9 (MSB). 

12 DB8 Data output - bit 8. 

13 DB7 Data output - bit 7. 

14 DB6 Data output - bit 6. 

15 DB5 Data output - bit 5. 

16 DB4 Data output - bit 4. 

17 DB3 Data output - bit 3. 

18 DB2 Data output - bit 2. 

19 DB1 Data output - bit 1. 

20 DBO Data output - bit 0 (lSB). 

OPERATING CONDITIONS 
Temperature Range (Note 3) .............. T MIN :S T A :S T MAX 

ML2271BMJ, ML2271CMJ ................. -55°C to +125°C 
ML2271BIJ, ML2271CI] ..................... -4QPC to +85°C 
ML2271 BCS, ML2271CCS 
ML2271BCp, ML2271CCP ..................... O°C to +70°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAl(, D Vee = A Vee = +VREF = SV ± 5%, and -VREF = GND 

ML2271XCX ML2271XIX, ML2271XMX 

PARAMETER NOTES CONDITIONS MIN I(N~:4) I MAX MIN I(N~: 4) I MAX UNITS 

Converter 

Intergral linearity Error 
ML2271BXX 5,7 VREF = Vee ±1/2 ±1/2 LSB 
ML2271CXX ±1 ±1 LSB 

Differential linearity Error 
ML2271BXX 5 VREF = Vee ±1/2 ±1/2 LSB 
ML2271CXX ±1 ±1 LSB 

Full Scale Error 
ML2271BXX 5 ±1/2 ±1/2 LSB 
ML2271CXX ±1 ±1 LSB 

Zero Scale Error 
ML2271BXX 5 ±1/2 ±1/2 LSB 
ML2271CXX ±1 ±1 LSB 

Total Unadjusted Error 
ML2271BXX 5 ±3/4 ±3/4 LSB 
ML2271CXX ±1V2 ±1V2 LSB 

+V REF Voltage Range 6 -VREF Vec+O.l -VREF Vee+0.1 V 

-VREF Voltage Range 6 GND-O.l +VREF GND-O.l +VREF V 

Reference Input 5 .9 1.3 1.7 .9 1.3 1.7 kO 
Resistance 

Analog Input Range 5,8 -VREF +VREF -VREF +VREF V 

Power Supply Sensitivity 5 DC ±1/32 ±1/4 ±1/32 ±1/4 LSB 
Vee = 5V ± 5%, V REF = 4.75V 

100mVp-p ±1/16 ±1/16 LSB 
100kHz sine on Vee, 
VIN = a 

Analog Input Leakage 5,9 Converter Idle -2 +2 -2 +2 IlA 
Current 

Analog Input Capacitance During Acquisition Period 25 25 pF 

Digital and DC 

VINI11' Logical ul" Input 5 2.0 2.0 V 
Voltage 

VINIOI' Logical uo" Input 5 0.8 0.8 V 
Voltage 

IINI1~ Logical ul" Input 5 VIN = Vee 1 1 IlA 
Current 

IINIOI, Logical uo" 5 VIN = OV -1 -1 IlA 
Input Current 

VOUTI1~ Logical ul" 5 lOUT = -2mA 4.0 4.0 V 
Output Voltage 

V OUTIOI, Logical uo" 5 lOUT = 2mA 0.4 0.4 V 
Output Voltage 

lOUT, Three-State Output VOUT = OV -1 -1 IlA 
5 

Current VOUT = Vee 1 1 IlA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = T MIN to T MAX. D Vee = A Vee = +VREF = 5V ± 5%, -VREF = GND, and timing 
measured at 1.4Y. CL = 100pF. 

ML2271XCX ML2271XIX, ML2271XMX 

PARAMETER NOTES CONDITIONS MIN I(N~:4) I MAX I TYP I MIN (Note 4) MAX 

Digital and DC (Continued) 

COUT, logic Output 5 5 
Capacitance 

CIN' logic Input 5 5 
Capacitance 

Icc, Supply Current, 5 CS=WR=RD=O 32 35 
Analog Plus Digital No Output load 

K. and Dynamic Performance (Note 9) 

tCONV, Conversion Time, 6 Figure 2 1450 1600 
Interrupt Mode 

tCONV, Conversion Time, 5 Figure 3 1450 1600 
Write-Read Mode 

tCONV, Conversion Time, 6 Figure 4 1450 1600 
Read Mode 

SNR, Signal to Noise Ratio VIN = 5V, 150kHz 60 60 
Noise is su m of all 
nonfundamental 
components 
from 0-300kHz. 
fSAMPLING = 600kHz 

HD, Harmonic Distortion VIN = 5V, 150kHz -60 -60 
THD is sum of 2-5th 
harmonics or aliases relative 
to fundamental. 
fSAMPLING = 600kHz 

IMD, Intermodulation fa = 2.5V, 150kHz -60 -60 
Distortion fb = 2.5V, 14BkHz 

1MB is (fa + fb), (fa - fb), 
(2fa + fb), (2fa - fb), 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
fSAMPLING = 600kHz 

FR, Freqency Response VIN = 5V, 0-150kHz ±0.1 ±0.1 
Relative to 1 kHz 

fSAMPLING = 600kHz 

SR, Slew Rate Tracking 2.36 2.36 

K. Performance, Figures 2, 3, 4, and 5 

tess. CS to RD, WR 5 0 0 
Setup Time 

tCSH, CS to RD, WR 5 0 0 
Hold Time 

tWIV WR Pulse Width 5 250 SOK 300 SOK 

'Micro" Lin~ar 

UNITS 

pF 

pF 

mA 

ns 

ns 

ns 

dB 

dB 

dB 

dB 

Vips 

ns 

ns 

ns 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAlV D Vcc = A Vee = +VREF = 5V'± 5%, and -VREF = GND, and timing 
measured at 1.4Y. C L = 100 pF. 

ML2271XCX ML2271XIX, ML2271XMX 

PARAMETER NOTES CONDITIONS MIN liN::: 4) I MAX MIN I (N::: 4) I MAX UNITS 

AC Performance, Figures 2, 3, 4, and 5 (Continued) 

tACCZ, WR to Data Valid 5 1500 1600 ns 

tRD, Read Pulse Width 5 100 120 ns 

tWRLJ WR1 to RDI 6 0 0 ns 

tINTH, RD1 to INT! 5 10 50 10 50 ns 

tRILJ RD to INT! 5 0 50 0 50 ns 

kC1' Data Access Time, 5 0 55 0 60 ns 
RDI to Data Valid 

tiD, Data Access Time, 5 0 55 0 60 ns 
INT! to Data Valid 

t1H, tOHf RD1 to Data High 5 Figure 1 10 50 10 60 ns 
Impedance State 

tp, Delay Time Between 5 300 300 ns 
Conversions 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified ate measured with respect to ground. 

Note 2: 

Note 3: 

Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 

2-144 

When the voltage at any pin exceeds the power supply rails (V,N < GND or Y'N > Vccl the absolute value of current at that pin 
should be limited to 25mA or less. 
-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 
o'e to +70'e and -4o'e to +85'e operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 
Typicals are parametric norm at 25°C. 
Parameter guaranteed and 100% production tested. 
Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. 
For -VREf :0: Y'N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward 
conduct for analog input voltages one diade drop below ground or one diode drop greater than the Vcc supply. Be careful, during 
testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct - especially at elevated 
temperatures, and cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that 
as long as the analog Y'N or VREF does not exceed the supply voltage by more than 100mY, the output code will be correct. To 
achieve an absolute OVoc to 5Voc input voltage range will therefore require a minimum supply voltage of 4.900Voc over temperature 
variations, initial tolerance and loading. 
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DATA VCC 
OUTPUT~ OUTPUT 

10PFT 5k-:-
ENABLE 

WR 

OUTPUT 

iID 

Vee 

~ OUTPUT 
Vec 

INT 
DATA ENABLE 

OUTPUT 
lOPFT Vce 

OUTPUT 

VOL 

Figure 1. High Impedance Test Circuits and Waveforms Figure 2. Interrupt Mode Timing 
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Figure 3. WR-RD Mode Timing 

READ IS TIED TO WRITE 

Figure 4. RD Mode Timing 
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ML2271 

1.0 FUNCfIONAL DESCRIPTION 
The ML2271 uses a three step flash technique for AID 
conversion. This technique first performs a 3 bit flash 
conversion on VIN to determine the 3 most significant 
bits (MSB decision). These 3 MSB's are then cycled 
through an internal DAC to recreate the analog input. 
This reconstructed analog input signal from the DAC is 
then subtracted from the input, and the difference 
voltage is converted by a second 3 bit flash conversion 
providing the next 3 significant bits, called intermediate 
significant bits (lSB decision)~ This procedure is then 
performed again to provide the final 4 least significant 
bits (lSB decision). 

" I 

I· ·1· 

The ML2271 has a true internal sample and hold. The 
internal operatimLsequence is shown in Figure 5. The 
falling edge of WR opens the S/H sampling switch, 
ends the acquisition time for the analog input, and 
starts the conversion on the internally sample and held 
~al. Then the MSB, ISB, and LSB decisions are made. 
INT goes low at end of conversion and RD controls the 
data outputs. This falling edge of INT also closes the 
sampling switch and starts the acquisition period for 
the next conversion. 

I 
I 
I I 

·1· ·1· 
L , 

ACQUISITION 
PERIOD. ISB AND LSB' 
COMPARAlORS 
AUlOZEROED. 

ISB 
COMPAIWORS 
DECIDING. 

LSB 
COMPARAlORS 
DECIDING. 

ACQUISITION 
PERIOD. ISB AND LSB 
COMPAIWORS 
AUTOZEROED. 

t 
V'N SAMPLING 
ENDS. MSB 
COMPAIWORS 
RESULT ARE 
LATCHED. 

t 
ISB 
COMPARAlOR 
RESUIJS ARE 
LATCHED. 

t 
LSB 
COMPARAlOR 
RESUIJS ARE 
LATCHED. 

Figure 5. Operating Sequence 

1.1 ANALOG INPUT 

The analog input on the ML2271 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The input circuit for the converter is shown in Figure 6A 
with the equivalent input circuit shown in F!&!!!.e 6B. 
The acquisition period for the S/H starts on INT falling 
edge and ends on WR falling edge. 

The critical period for charging up the analog input 
occurs during the acquisition period and the source of 
the external signal on VIN must adequately charge up 
the analog voltage during this time. To do this, the 
input must settle within the required analog accuracy 
tolerance 100ns before the end of the acquisition period 
so that the sampling capacitors have adequate time to 
store the input signal. If more time is needed due to 
finite charging or settling time of the external source, 
the WR high period can be extended as long as is 
required. 

1.2 SAMPLE AND HOLD 
The ML2271 does not have the limitation of an 
equivalent circuit implemented with a track/hold. An 
internal sample and hold acquires the analog signal, 
holds it internally, and then a conversion is performed 
on the sample and held signal. Since this is a true 
sample and hold function, the ML2271 can sample and 
hold signals with frequencies as high as 150kHz @ 5V 
(slew rates as high as 2.36V/ JJS) without sacrificing 
conversion accuracy. 

1.3 REFERENCE 

The +VREF and -VREF inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, forthe ND converter. Thus, +VREF defines 
the analog input which produces a full scale output and 
-VREF defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
AID converter is shown in Figure 7. 
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+VREF and -VREF can be set to any voltage between 
GND and Vee. This means that the reference voltages 
can be offset from GND and the difference between 
+VREF and -VREF can be made small to increase the 
resolution of the conversion. Note that the linearity 
error increases when [+VREF - (-VREF)] decreases. 

RS 
V,N_'VV'r-t---------. . 

: ~.5PF 

6 MSB COMPAIWORS 

RoN S4:r'5P~f 3.6K 
6.4K .05pf RON 

10 IS ---d'f. : I S6 
LADDER S5 ~ .5pF ":" .t 

14 ISB COMPAIWORS 

RoN 

loon S7 7.5pF 

16pF 

o----j~. 200n 
RoN 

SB 

10 S/H BLOCK :J:! 
Figure 6A. Converter Input Circuit 

Figure 68. Converter Equivalent Input Circuit 
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00000000 ------- I I I. 
o llSB 2LSB'S 3LSB'S \ FS 

FS - llSB 
A,N. INPUT VOLTAGE (IN TERMS OF LSB'S) 

Figure 7. AI D Transfer Characteristic 

ML2271 

1.4 POWER SUPPLY AND REFERENCE DECOUPLING 
O.lpF in parallel with O.01pF ceramic disc capacitors are 
recommended to bypass A Vee to GND, as well as D 
Vee to GND, using the shortest lead lengths possible. 

If +VREF and -VREF inputs are driven by long lines, they 
should be bypassed by O.lpF in parallel with O.OlpF 
ceramic disc capacitors at the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 SINUSOIDAL INPUTS 
Since the Ml2271 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (fs)' Any frequency 
components above fs/2 will be aliased below fs/2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too dose to fs/2, then 
the requirements on the antialias filter become difficult 
or impossible to realize with standard component and 
tolerances. In most practical applications, the highest I 
input frequency has to be limited to 1/3 to 1/4 of fs in '" 
order to relax the filtering requirements enough to 
make a realizeable antialias filter. 

The maximum sampling rate (fMAX) for the Ml2271 can 
be calculated as follows: 

fmax 
teoNv + tp 

fmax 
1 

1.45ps + O.300ps 

fmax = 570kHz 

tWR = Write Pulse Width 

tWRD = Write to Data Delay 

tp = Delay Time between Conversions 

Note that the dynamic performance specifications (SNR, 
HD, IMD, and FR) for the Ml2271 are all specified at 
150kHz, which is less than 1/3 of the sampling rate, fs. 
This allows adequate margin between the input 
frequency and the aliased components to allow antialias 
filtering if needed. 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed, the user can apply an input sinusoid higher 
than 150kHz to the device. Note, however, that as the 
input frequency increases above 150kHz, dynamic per
formance degradation will occur due to the finite 
bandwidth of the internal sample and hold. 
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1.5.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 10-bit 
converter, SNR = 61.96 dB. 

1.5.3 HARMONIC DISTORTION 

Harmonic distortion isthe ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2271 is defined as 

(V22 + vi + V42 + VS2)'h 
20 log = . 

V1 . 

where Vl is the rms amplitude of the fundamental and 
V2J VJ, V", Vs are the rms amplitudes of the individual 
harmonics. 

1.5.4 INTERMODUlATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
fA and fs, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mfA + nfB, where m, n = 0, 1, 
2, 3 ... Intermodulation terms are those for which m 
or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(fA + fB) and (fA - fB) and the third order terms 
(2fA + fB), (2fA - fB), (fA + 2fB), and (fA - 2fB) only. 

1.6 DIGITAL INTERFACE 

Depending on the way the external signals are applied 
to the ML2271, the timing of the conversion and 
resultant digital interface can be configured in three 
different modes. 

While the operation for each mode is described below, 
there are some generalr.u~h~dictate the general 
relationships between CS, WR, RD, INT, and DBO-DB9. 
The falling edge of WR terminateUlle acquisition 
period and initiates a conversion. INT is forced low 
when a conversion is internally completed. INT is reset 
high by the RD rising edge. DBO-DB9 is in t!!Lhigh 
impedance state except when both RD and INT are 
low. RD low period does not affect the internal 
conversion. but only determines when the digital ~als 
DBO-DB9are active; thus, RD can occur anytime. CS is' 
used to select the device and needs to be low only 
while WR is low or when RD is low. 

1.6.1 INTERRUPT MODE 

Timing for the In~!!upt Mode is shown in Figure 2. To 
~a conversion, CS must be low to select the deviCl'~. 
INT falli~dge starts the acquisition period. The falling 
edge of WR ends the acquisition period and the MSB 
comparison is made. Then, the (Intermediate Significant 
Bits) ISB and LSB decisions are made with internal 
timing signals. After the conversion is complet~T 
goes low indicating end of conversion. When RD goes 
low, DBO-DB9 goes from high impedance to t!!Lactive 
state with the digital result of the conversion. INT is 
reset high and DBO-DB9 is reset to high impedance on 
the rising edge of RD. 

Interrupt Operation is intended to be.J!g!d in interrupt 
driven systems or applications where INT signals the 
transfer of data. 

1.6.2 WRITE-READ MODE 

Write-Read Operation ~he same as Interrupt 
Operation except that RD is brought low before the 
internal conversion is completed (before INT goes low) .. 

Timing for Write-Read 0Reration is shown in Figure 3. 
To perform a conversion, CS must be low to select the 
device. INT falling e~ starts the acquisition period. 
The falling edge of WR ends the acquisition period and 
the MSB decision is made. Then, the ISB and LSB 
decisio~are made by internal timing signals. In this 
mode, RD is brought low before the internal 
conversion is completed. When the internal conversion 
is completed, INT will be force<!JQw and data will 
appear on DBO-DB9 as long as RD is still low. INT is 
reset high and DBO-DB9 is reset to high impedance on 
the rising edge of RD. 

Write-Read Operation is intended for applications 
where RD controls the transfer of data to a ' 
microprocessor. 

1.6.3 READ MODE 

Read Mode Operation is [mQIemented by tying RD to 
WR and keeping RD and WR low long enough so that 
the conversion time is totally determined by the 
internal timing signals. . 

Timing for thELB.ead Mode is shown in Figure 4. To do 
~onversion, CS must be low to select the device. The 
RD and WR falling edge starts the conversion. 
RD and WR is held low for the entire internal 
conversion. Thus, the MSB, ISB, and LSB comparisons 
along with the end of the acquisition period are made 
by internally generated timing signals. After the 
conversion is complete, INT goes low. Since RD is fixed 
low, DBO-DB9 wl!Lgo from high impedance to active 
state as soon as INT goes low. INT is reset high and 
DBO-DB9~ reset to high impedance on rising edge of 
WR and RD. 
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Read Mode Operation allows a conversion to be done 
with the device's own internal timing and thus, no 
external timing is needed. 

2.0 TYPICAL APPLICATIONS 

sv 

PROTECTION IS REQUIRED IF INPUT CURRENT> 2Smi\ 

Figure 8. Protecting the Input 

ML2271 

1.6.4 POWER-ON RESET 

When power is first applied, ~internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the Ml2271 from starting in 
an unknown state. During this period of approximately 
501lS, INT remains high and the data bus is in the high
impedance state. 

ML2271 

o ::.; VIN ":5 Vee VIN 

A vee I-~""---"'-osv 

-VREF 

GND 

Figure 9. Using Vee as Reference for Ratiometric 
Operation 

4.S0V 
H---------iVREFOUT 

ML2271 

J.lI1F 

liP 

L...-_-' 

ML2341 
D/A 

WITH 
REFERENCE 
GAINO 
GAINl 

Figure 10. Using External Reference of D/A 
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2.0 TYPICAL APPLICATIONS (Continued) 

5V 5V 

10k ML2271 

A Vee 

20k o Vee 
+VREF 

10k Y,N 
Y,N 

20k -VREF 

GNO 

-::-

Figure 11. 68000 Type Interface to ML2271 Figure .12. ±2.5V Analog Input Range 

-
~ cs cs r--WR WR 

RD RDA 
INT INT 

0-r- ML2271 

" OB9 DATA 
OBO 

V -J -----= '-:- ~;+-
RO iffiR 
INT INT 

0--- ML2271 

" OB9 DATA 
OBO 

- .v .............. 

Figure 13. Simultaneous Sampling of lWo Variables 
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2.0 TYPICAL APPLICATIONS (Continued) 

089 DATA 
080 

DEN 

V,N Ml2271 

HEN 

087 TMS320 
080 IE14 

CS CIS 

Ml2341 

-=- OIA 
PAO 
PAl 

CS PA2 

WR WE 

Figure 14. TMS320 Interface with D/A Output 

I 
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Figure 15. Operating with a RatiometricAnalog Signal of 15% of Vee to 85% of Vee 
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ORDERING INFORMATION 

TEMPERATURE 
PART NUMBER LINEARITY ERROR RANGE PACKAGE 

ML2271BMJ ±V2 LSB -55°C to +125°C HERMETIC DIP (J20) 
ML2271BIJ -40°C to +85°C HERMETIC DIP (J20) 
ML2271BCP O°C to +70°C MOLDED DIP (P20) 
ML2271BCS O°C to +70°C MOLDED SOIC (520) 
ML2271CMJ ±1 LSB -55°C to +125°C HERMETIC DIP (J20) 
ML2271CIJ -40°C to +85°C HERMETIC DIP (J20) 
ML2271CCP O°C to +70°C MOLDED DIP (P20) 
ML2271CCS o°c to +70°C MOLDED SOIC (520) 
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'Micro Linear ML2280, ML2283 
Serial 1/0 8-Bit AID Converters 

GENERAL DESCRIPTION 
The ML2280 and ML2283 are 8-bit successive approximation 
AID converters with serial 1/0 and configurable input 
multiplexers with up to 4 input channels. 

All errors of the sample-and-hold incorporated on the 
ML2280 and ML2283, are accounted for in the analog-to
digital converters accuracy specification. 

The voltage reference can be externally set to any value 
between GND and Vee, thus allowing a full conversion over 
a relatively small voltage span if desired. 

The ML2283 is an enhanced double polysilicon CMOS pin 
compatible second source for the ADC0833 AI D converter. 
All parameters are guaranteed over temperature with a 
power supply voltage of SV ±10%. 

BLOCK DIAGRAMS 

ML2280 

VREF/2 

1 1 
Vee GND 

FEATURES 
• Conversion time 61ls 
• ML2280 capable of digitizing a 5 V, 40 kHz sine wave 
• Total unadjusted error with external 

reference ± '/2 LSB or ± 1 LSB 
• Sample-and-hold 375 ns acquisition 
.0 to 5V analog input range with single 5V power 

supply 
• 2.5 V reference provides 0 to 5 V analog input range 
• No zero or full-scale adjust required 
• Low power 12.5mW MAX 
• Analog input protection 25 mA (min) per input 
• Differential analog voltage inputs 
• 0.3" width 8- or 14-pin DIP 
• 4-channel input MUX option 
• Superior pin compatible replacement for ADC0833 

I 
I 

4'Bit 
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~HANNEL 

CH1 0- S.E. 

CH2 

OR ~ 
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~ DIFF. 
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CH3 0-

6 
AGND 

ML2283 

INPUT 
SHIFT-REGISTER 

1 
CONTROL 1 AND 

TIMING 

OUTPUT 
SHIFT-REGISTER 

T t 

AID 
CONVERTER 

WITH 
SAMPLE & HOLD 

FUNCTION 

! 
VREf/2 

I 

L 
I 

b 
vee 

DI 

SARS 

CLK 
cs 

DO 

--<> DGND 

I SHUN 
REGULAl1 

T 
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! 
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'Micro Linear 2-153 

I 



ML2280, ML2283 

PI~CONNECTIONS·. 

ML2280 Single'Differentiai Input 

8-PIN DIP 

<=sO'8 Vce' VIN(+) i .7 elK 

VIN(-) 3 6 DO 

GND 4 5 VREF/2 

lOP VIEW 

PIN DESCRIPTION 
NAME 

VCC 
DGND 

AGND 

GND 

V+ 

DO 

FUNCTION 

Positive supply. Svolts ± 10% 

Digital, ground. Ovolts. All digital 
inputs and outputs are referenced 
to this point. 

. Analog ground. The negative refer
ence voltage for AI D converter. 

Combined analog and digital 
ground. 

. Analog inputs. Digitally selected to 
be single ended (VIN) or; VIN + or 
VIN- of a differential input. Analog 
range = GND~VIN~VCC 

Reference. The analog inputrange 
is twice the positive reference 
voltage value applied to this pin. 

Input to the Shunt Regulator. 

Data out. Digital output which 
contains result of AI D conversion. 
The serial data is clocked out on 
falling edges of ClK. 

ML2283 4-Channel MUX 

cs 
CHO 

CHI 

CH2 

CH3 

DGND 

NAME 

SARS 

CU< 

DI 

14-PIN DIP 

Vcc 

DI 

CLK 

SARS 

DO 

VREF/2 

TOP VIEW 

FUNCTION 

Successive approximation register 
status. Digital output which indi
cates that a conversion is in pro
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com
pleted. When CS=l, SARS is in 
high impedance state. 

Clock. Digital input which clocks 
data in on DI on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AI D 
conversion. 

Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 

Chip select. Selects the chip for 
multiplexer.and channel assign
ment and AI D converison. When 
CS=l, all digital outputs are in high 
impedance state. When CS = 0, 
normal AID conversion takes 
place. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Current into V + .................................. 15 mA Supply Voltage, Vee ..................... 4.5VDe t06.3VDe 
Supply Voltage, Vee ............................... 6.5V Temperature Range (Note 3) ................ TMIN"TA"TMAX 
Voltage ML2280BM), ML2283BM) ...•........... -55°Cto +125°C 

Logic Inputs' ....... . . . . . . . . . . . . . . . . . .. -7V to Vee +7V ML2280BI), ML2283BI) ................. -40°C to +85°C 
Analoglnputs ...................... -O.3VtoVee +O.3V ML228OCI), ML2283C1) 

Input Current per Pin (Note 2) ..................... ± 25 mA ML2280BCP, ML2283BCP .................. O°Cto +70°C 
Storage Temperature ..................... -65°Cto +150°C ML228OCCP, ML2283CCP 
Package Dissipation 

atTA=25°C(BoardMount) ..................... 800mW 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Molded) .................... 260°C 
Dual-In-Line Package (Ceramic) .................... 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to TMAX, Vcc=5V +10%, fCLK= 1.333 MHz, and VREFl2=2.5\1. -

MU280B, MU283B ML2280C, ML2283C 

PARAMETER NOTES CONDITIONS MIN 1 N~~4.1 MAX MIN 1 N~~41 MAX UNITS 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 
Total Unadjusted Error 5,7 VREF/2=2.5V ±'h ±1 LSB 

VREF/2 not Connected ±2 ±2 LSB 

Reference Input 5 3 5 7.5 3 5 7.5 kQ 
Resistance, VREF/2 

Common-Mode Input 5,8 GND Vee GND Vee V 
Range -0.05 +0.05 -0.05 +0.05 

DC Common-Mode 6 Common Mode ±1f16 ±'/. ±'h6 ±1f. LSB 
Error Voltage GND to Vee/2 

AC Common-Mode 6 Comon Mode Voltage ±'/. ±'/. LSB 
Error GND to Vee, 

Oto 50kHz 

DC Power Supply 6 Vee=5V±1O% ±'h2 ±'/. ±'h2 ±'/. LSB 
Sensitivity VREF"Vee+0.1V 

AC Power Supply 6 100mVp.p, 25kHz Sine ±'/. ±'/. LSB 
Sensitivity on Vee 

Change in Zero Error 6 15mAintoV+ ±'h ±'h LSB 
from Vee =5Vto Inter- Vee=N.C. 
nal Zener Operation VREFI2=2.5V 

Vz, Internal Diode 15mAintoV+ 6.9 6.9 V 
Regulated Breakdown 
(atV+) 

V + Input Resistance 5 20 35 20 35 kQ 

100, Off Channel 5,9 On Channel = Vee -1 -1 ~ 
Leakage Current OffChannel=OV 

OnChannel-OV +1 +1 ~ 
Off Channel = Vee 

IOn' On Channel 5,9 On Channel =OV -1 -1 ~ 
Leakage Cu rrent Off Channel = Vee 

On Channel = Vee +1 +1 ~ 
OffChannel=OV 
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ELECTRICAL CHARACTE RISTICS(Continued) 
Unless otherwise specified TA- TMIN to TMAX, Vcc-SV ±10%, fClK=1.333MHz, and VREFI2=2.SV. 

PARAMETER CONDITIONS 

DIGITAL AND DC CHARACTERISTICS 
VIN (1)' Logical "1" Input 
Voltage 

5 2.0 

VIN(O), Logical "0" Input 5 
Voltage 

IIN(1)' Logical "1" Input Current 5 VIN=VCC 

IIN(o), Logical "0" Input 5 VIN=OV .,.1 
Current 

VOUT(l), Logical "1" Output 
Voltage 

5 IOUT=-2mA 4.0 

VOUT(O)' Logical "0" Output 
Voltage 

5 IOUT-2mA 

lOUT' Hi-Z Output 5 VOUT=OV -1 
Current VOUT = VCC 

ISOURCE, Output Source 5 VOUT=OV -6.5 
Current 

ISINK, Output Sink Current 5 VOUT = Vcc 

Icc, Supply Current 5 1.3 

AC ELECTRICAL CHARACTERISTICS 
fClK, Clock Frequency 5 10 

tACQ' Sample-and-Hold '12 
Acquistion 

tc, Conversion Time Not including MUX 8 
AddressingTime 

SNR, Signal to Noise Ratio 12 VIN=4OkHz, 5V Sine. 47 
ML2280 fClK = 1.333 MHz 

(fSAMPLlNGa!120kHz). 
Noise is Sum of All 
Nonfundamental 
Components up to '12 of 
fSAMPLING 

THD, Total Harmonic 12 VIN =4OkHz, 5V Sine. -60 
Distortion Ml2280 fClK '" 1.333 MHz 

(fSAMPLlNGa!120 kHz). 
THD is Sum of 2,3,4,5 
Harmonics Relative to 
Fundamental 

IMD, Intermodulation 12 VIN =fA +fB. fA= 40 kHz, -60 
Distortion ML2280 2.5VSine. 

fB = 39.8 kHz, 2.5V Sine, 
fClK = 1.333 MHz 
(fSAMPLlNGa!120 kHz). 
IMD is (fA +fB),(fA -fB)' 
(2 fA +fB), (2frfBl. 
(fA+2fB), (fA-2fB) Rela-
tive to Fundamental 

Clock Duty Cycle 5,10 40 

tSET.U~ CS Falling Edge or Data 5 130 
Input Valid to ClK Rising Edge 

tHOLD, Data Input Valid after 5 80 
ClK Rising Edge 
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ELECTRICAL CHARACTE RISTICS (Continued) 
Unless otherwise specified TA ~ TMIN to TMAX, Vcc~5V ±10%, fCLK~1.333MHz, and VREF/2~2.5V 

PARAMETER CONDITIONS 

AC ELECTRICAL CHARACTERISTICS 

~dl' tpdo-ClK Falling Edge to 5,11 CL -l00pF 
utput Data Valid Data MSB First 90 

Data lSB First 50 

tlH, toH, - Rising Edge of CS to 6 CL -10pF, RL -10k (see 40 
Data Output and SARS Hi-Z High Impedance Test 

Circuits) 

6 CL -l00pF, RL -2k 80 

C1N, Capacitance of Logic 5 
Input 

CaUT, Capacitance of Logic 5 
Outputs 

200 
110 

90 

160 

LIMIT 
UNITS 

ns 
ns 

ns 

ns 

pF 

pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (VIN) at any pin exceeds the power supply rails (VIN <GND or VIN > Vee) the absolute value of current at that I 
pin should be limited to 25 rnA or less. ' 

Note 3: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. O°C 
to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sam-
pling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 10/)% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-holderrors. 

Note 8: For VIN ( -) ~VIN( +) the digital output code will be 0000 0000. Two on'<:hip diodes are tied to each analog input (See Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vee supply. Be careful, 
during testing at low Vee levels (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50mV forward bias of either diode. This means that as long as 
the analog VIN orVREFdoes not exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute OVto 
5 V input voltage range will therefore require a minimum supply voltage of 4.950 VDe over temperature variations, initial tolerance and loading. 

Note 9: leakage current is measured with the clock not switching. , 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, timethe clock is high orthe minimum time the clock is low must be at least 300ns. The maximum 
time the clock can be high or low is 60"s. 

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (See 
Block Diagram) to allow for comparator response time. 

Note 12: Because of multiplexer addressing, test conditions for the Ml2283 is VIN - 30kHz, 5V sine (fSAMPLlNG=89kHz). 
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CS 
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~ru· 
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~
r 
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CS 50% 

GND 10% 

'~. toH 
DOANO Vet -----

SARS OUTPUTS 10% 
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Figure 1. High Impedance Test Circuits and Wavefo~ms 
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START 
CONVERSION 
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Figure 2. Timing Diagrams 
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CLOCK (CLK) 

CHIPSElECT(CS) 

DATA IN (DI) 

SAR STATUS (SARS) 

ML2280 Timing 

10 11 

CLOCK (ClK) 

-+-j !--tsn-up 

CHIP SELECT (CS) 1 . -1 1 

~-I------------------------~ 
1 

1 

S~:::~:~~~ 
ACQUISITION (tACQ) 

--1 r- tsn-up 

I ADDRESS MUX 

START 
BIT 

4 

SELECT 
BITO 

o 
(lSB) 

'LSB FIRST OUTPUT NOT AVAILABLE ON Ml2280 

ML2283 Timing 
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HI-Z 

OON'T CARE (01 DISABLED UNTIL NEXT CONVERSION CYCLE) 

SGLI DiF SELECT 
BITI !--+A/DCONVERSION IN PROCESS-----i 

HI-Z '-------H ~MSB fIRST DATA---_t:::::.----------l------' 

DATA OUT (00) -----:-:H'"'I_Z,,-----+-l 

SAMPlE-AND-HOLD I I (~SB) 6 
ACQUISITION (IACQ) ... f.-

Figure 2. Timing Diagrams (Continued) 
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VLl5llJ 
I--VREF=2.5V 

0.75 

S :a 
'" ~ 

"'-1250C 

ffi 0.5 

~ 
_55°C 1"- .... 

:5 z 
:; 

./' 
0.25 

25°C -
o o 0.01 0.1 

CLOCK FREQUENCY (MHz) 

Figure 3. Linearity Error vs fCLK 

I YCC=5Y 
Ycc=5Y VIN=OV 
fCLK = 1.333 MHz fCLK = 1.333MHz 

TA = 25°C 
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~ L25"C 
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o 

, 
~ ----t---

0.25 

o 
o 0.5 1.5 2.0 2.5 o 0.5 1.5 2.0 2.5 

YR" (YDC) YR" (VDcl 

Figure 4. Linearity Error vs VREF Voltage Figure 5. Unadjusted Offset Errorvs VREF Voltage 
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Figure 6. ML2283 Functional Block Diagram 
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1.0 FUNCTIONAL DESCRIPTION Table 1. ML2283 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

1.1 Multiplexer Addressing 
The design of these converters utilizes a sample data compar
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be
tween an assigned" +" input terminal and a "-" input ter
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is less than the 
"-" input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, or differential options. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity ofthe ana
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channell may be 
selected as a different pair but channel 0 or channell cannot 
act differentially with any other channel. In addition to select
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in Table 7. 

The MUX address is shifted into the converter via the DI 
input. Since the ML2280 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 

2 DIFFERENTIAL 

+(-) 

-(+) 

+(-) 

-(+) 

SGLi 
OIF 

1 

1 

1 

1 

SGLI 
DIF 

0 

0 

0 

0 

Single-Ended MUX Mode 

MUXAddress 

0001 SELECT 

SIGN 1 0 0 

0 0 1 + 
0 1 1 

1 0 1 

1 1 1 

Differential MUX Mode 

MUXAddress 

ODD! SELECT 

SIGN 1 0 0 

0 0 1 + 
0 1 1 
1 0 1 -
1 1 1 

4 SINGLE-ENDED 

0 + 

+ 

2 + 

3 + 

AGND 

-=-

MIXED MODE 

+ 

2 + 

3 + 

AGND 

Figure 7. Analog Input Multiplexer Functional 
Options for ML2283 
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1.2 Digitallnterface 
The block diagram and timing diagrams in Figures 2-5 illus
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the ClK input. On each rising edge of 
the clock, the data on 01 is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the 01 input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of '12 clock period is 
used for sample-and-hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the 01 input is 
ignored. 

The DO output comes out of high impedance and provides a 
leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal OAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
liP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this '/2 clock cycle later. 

The serial data is always shifted out MSB first during the con
version. After the conversion has been completed, the data is 
shifted out a second time with LSB first. The ML2280 data is 
shifted out only once, MSB first. 

All internal registers are cleared when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The 01 input and DO output can be tied together and con-

M12280, ML2283 

trolled through a bidirectional liP 110 bit with one connec
tion. This is possible because the 01 input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 

1.3 Reference 
The ML2280 and ML2283 are intended primarily for use in 
circuits requiring absolute accuracy. In this type of system, 
the analog inputs vary between very specific voltage limits 
and the reference voltage for the AI 0 converter must remain 
stable with time and temperature. For ratiometric applica
tions, see the ML2281 and ML2284 which have a VREF input 
that can be tied to Vee. 

The voltage applied to the VREF/2 pin defines the voltage span 
of the analog input (the difference between VIN + and VIN -) 
over which the 256 possible output codes apply. A fu II-scale 
conversion (an all1s output code) will result when the voltage 
difference between a selected" +" input and" -" input is 
approximately twice the voltage at the VREF/2 pin. This inter
nal gain of 2 from the applied reference to the full-scale input 
voltage allows biasing a low voltage reference diode from the 
5Voc converter supply. To accommodate a 5V input span, 
only a 2.5V reference is required. The output code changes 
in accordance with the following equation: 

Output Code = 256 (VIN( +) - VINH} 
2(VREF /2) 

where the .output code is the decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term VREF/2 is 
the voltage to ground. 

The VREF/2 pin is the center point of a two resistor divider 
(each resistor is 10 kQ) connected from Vee to ground. Total 
ladder input resistance is the parallel combination of these 
two equal resistors. As shown in Figure 8, a reference diode 
with a voltage less than Vee/2 can be connected without 
requiring an external biasing resistor if its current require
ments meet the indicated level. 

The minimum value OfVREF/2 can be quite small (See Typical 
Performance Curves) to allow direct conversions of trans
ducer outputs providing less than a 5 V output span. Particu-

~~e Vee 
SV 

10k 10k 

M12280 V 

M12283 

10k .~ 

REF/2 + 

j Iz i 
1.2V r 

M12280 VR 
ML2283 

10k ~~ 

Ef/2 

2.SV 

GND 
GND 

':' 

VFUll_SCALE"'2.4V VFULL-SCALE"'S.OV 

NOfE: NO EXTERNAL BIASING RESISTOR NEEDED IF Vz< V'[- and Iz min.< Ve~/~; Vz 

Figure 8. Reference Biasing 
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lar care must be taken with regard to ndis.e pickup, drcuit· 
layout and system error voltage sources when operating with 
a reduced span due to the increased sensitivity of the con
verter (1 l5B equals VREF/256). 

1.4 Analog Inputs and Sample! Hold 
An important feature of the Ml2280 and Ml2283 is that they 
can be located at the source of the analog signal and then 
communicate with a controlling lAP with just a f~wires. This 
avoids bussing the analog inputs long distances arid thus 
reduces noise pickup on these analog lines. However, in 
some cases, the analog inputs have a large commori mode 
voltage or even some noise present along with the valid ana
log signal. 

The differential input of these converters reduces the effects 
of common mode inpLit noise. Thus, if a common mode 
voltage is present on both" +" and" -" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between" +" al)d "-" 
inputs. 

The ML2280 and Ml2283 have a true sample-and-hold cir
cuitwhich samples both" +" and" -" inputs simultane
ously. This simultaneous sampling with a true 5iH will give 
common mode rejection and AC linearity performance that 
is superior to devices where the two input terminals are not 
sampled at the same instant and where true sample-and-hold 
capability does not exist. Thus, these AI D converters can 
reject AC common mode signals from DC-50 kHz as well as 
maintain linearity for signals from DC~50kHz. 

The signal.at the analog input is sampled during the interval 
when the ·sampling switch is closed prior to conversion start.' 
The sampling window (5/H acquisition time) is '12 ClK per
iod wide and occurs '12 ClK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the 51 H acquisition time, 8 pF of 
capacitance is thrown onto the analog input. '12 ClK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any erroron the analog input at 
the end of the 5/H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer ClK period can be used. 

FOr latch-up immunity each analog input has dual diodes to 
the supply rails, and a minimum of ±25mA (±l00mA typi
cally) can be injected into each analog input without causing 
latch-up. 

1.5 Zero Error Adjustment 
The zero of the AI D does not require adjustment. If the mini
mum analog input voltage value, VINMIN is not ground, a 
zero offset can be done. The converter can be made to out-

put 00000000 digital code for this minimum input voltage by 
biasing any VIN - input at this VINMIN value. This utilizes the 
differential mode operation ofthe AI D. ' . 

The zero error of the AI D converter relates to the location of 
the firstriser ofthe transfer function and can be ·measured by 
grounding the VIN - input and applying a small magnitude 
positive·voltage to the VIN + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal '12 l5B value {112 l5B = 9.8 mV for 
VREF12= 2.5ODVDd· 

1.6 Full-Scale Adjustment 
The full~scale adjustment can be made by applying a differen
tial input voltage which is 1'12 l5B down from the desired 
analog fLill-scale voltage range and then adjusting the magni
tude of the VREF/2 input for a digital output code which is just 
changing from 11111110 to 11111111. 

1.7 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AI D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does nOt go to ground), this new zero reference should 
be properly adjusted first. A VIN + voltage which equals this 
desiredzero.reference plus '12 LSB (where the l5B is calcu- . 
lated for the desired analog span, 1 l5B =analog span 1256) is 
applied to selected" +" input and the zero reference voltage 
at the corresponding" -" input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full~scale adjustment should be made by forcing a 
voltage to the VIN + input which is given by: 

VIN+fsadjust = VMAX-1.5*[(VMAX-VMIN)/256] 
where VMAX = high end ofthe analog input range 

VMIN = low end (offset zero) of the analog range 

The VREF or Vee voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.8 Shunt Regulator 
A unique feature of the Ml2283 is the inclusion of a shunt 
regulator connected from V + terminal to ground which also 
connects to the Vee terminal (which is the actual converter 
supply) through a silicon diode as shown in Figure 9. When 
the regulator is tumed on, the V + voltage is clamped at 11 
VBE set by the internal resistor ratio. The typical I-V curve of 
the shunt regulator is shown in Figure 10. It should be noted 
that before V + voltage is high enough to turn on the shunt 
regulator (which occurs at about 5.5 V), 35 kQ of resistance is 
observed between V + and GND. When the shunt regulator 
is not used, V + pin should be either left floating or tied to 
GND. The temperature coefficient of the regulator is 
-22mV/°C. 
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2.0 APPLICATIONS 

8051 Interface and Controlling Software 

8051 

Mnemonic Instruction 

START ANL PI, #OF7H ;SELECT AID 
(CS ~O) 

MOV B,#5 ;BITCOUNTER - 5 
MOV A,#ADDR ;A - MUXBIT 

LOOP 1: RRC A ;CY - ADDRESS BIT 
JC ONE ;TEST BIT 

;BIT-O 
ZERO: ANL PI, #OFEH ;DI-O 

SJMP CONT ;CONTINUE 
;BIT-l 

ONE: ORL Pl, #1 ;01-1 
CONT: ACAlL PULSE ;PULSESKO -1 - 0 

DJNZ B,LOOPI ;CONTINUE UNTIL DONE 
ACALL PULSE ; EXTRA CLOCK FOR SYNC 
MOV B,#8 ;BITCOUNTER - 8 

LOOP 2: ACALL PULSE ;PULSESKO - 1 - 0 
MOV A,Pl ;CY- DO 
RRC A 
RRC A 
MOV A,C ;A - RESULT 
RLC A ;A(O) - BIT AND SHIFT 
MOV C,A ;C - RESULT 
DJNZ B,LOOP2 ;CONTINUE UNTIL DONE 

RETI 
;PULSE SUBROUTINE 

PULSE: ORL Pl,#04 ;SK-l 
NOP ; DELAY 
ANL PI, #OFBH ;SK-O 
RET 
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APPLICATIONS (Continued} 
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APPLICATIONS (Continued) 

-lSVoc 

Protecting the Input 

Vee 

ML2280 

VIN(-) 

Vee 
(svoc) 

+ 
IlO~F 

DIODE CLAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 2SmA 

Digitizing a Current Flow 
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Vee O.lQ _ ILOAO (2A FULL-SCALE) 
(SVOC)o-~~~~--------~~~--~--------~----------, 

100Q 

Vee 1--------+-----------, 

240k 

ML2280 

100Q 2.SV 
ZERO ~------__,.jVIN (+) VREF/21-..--+:-< 

ADJ. 

120k 

Operating with Ratiometric Transducers 

vee 
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1k 
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APPLICATIONS (Continued) 

2-168 

VIN 

Zero-Shift and Span Adjust: 2V ~ VI~ ~ 5 V 

Vee 
(5VDc) 

r--o-,-~ VIN (+) Vee 1--+--------, 
3002 

"::" -= ML2280 

VIN(-) VREF/2 

1.2k 

., 
I 
I 
I 
I 
I 

SETS ZERO I 
CODE VOLTAGE 330 I 

2.7k 

I 
lk .... 

--.--~-
_ .... 

2Voc -= -= ZERO ADJ. 
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Digital Load Cell 

330 

• USES ONE MORE WIRE THAN lOAD CELL ITSELF 
• TWO MINI-DiPs COULD BE MOUNTED INSIDE LOAD CELL 

FOR DIGITAL OUTPUT TRANSDUCER 
• ELECTRONIC OfFSET AND GAIN TRIMS RELAX MECHANICAL 

SPECS FOR GAUGE FACTOR AND. OFFSET . 
• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 

HIGH NOISE IMMUNITY 
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? START b- '"'' L S Q 

LOAD BO~ R 
COUNT 

ABCDDOWN TMS320 

L±J L D 

SERIES 

Q 

5V AQ 

1 D Q 
DSP 

/\Q 

LD A:b M12280 FSR 

ClKo<1 ClK 

'-""'VIN+ ~ 
- VIN- CS 

DO DR 

ClK 

Sampling Rate 111 KHz, Data Rate 1.33 MHz 

ClK 

/ \ 

Cs \ / '-
FSR \ / 

DO 
HI-Z HI-Z 

DO 

Interfacing ML2280 to TMS320 Series 
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ORDERING INFORMATION 

PART NUMBER 
ALTERNATE 

PART NUMBER 

SINGLE ANALOG INPUT, 8-PIN PACKAGE 

ML2280BMJ 
ML2280BI] 
ML2280BCP 
ML2280CIJ 
ML2280CCP 

FOUR ANALOG INPUTS, 14-PIN PACKAGE 

ML2283BMJ ADC0833BJ 
ML2283BI] ADC0833BC] 
ML2283BCP ADC0833BCN 
ML2283CIJ ADCOB33CC] 
ML2283CCP ADC0833CCN 

2-170 

TOTAL 
UNADJUSTED ERROR 

±lI2LSB 

±lLSB 

±lI2LSB 

±lLSB 

'Micro Linear 

TEMPERATURE 
RANGE 

-55°Cto +125°C 
-40°C to +85°C 

0° to +70°C 
-40°C to +85°C 

OOCto +700 C 

-55°C to +125°C 
-40°C to +85°C 

0° to +70°C 
-40°C to +85°C 
O°Cto +70°C 

PACKAGE 

HERMETIC DIP (J08) 
HERMETIC DIP (JOB) 
MOLDED DIP (POB) 
HERMETIC DIP (JOB) 
MOLDED DIP (P08) 

HERMETIC DIP (J14) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 
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Serial I 10 8-Bit AID Converters with 
Multiplexer Options 

GENERAL DESCRIPTION 
The ML2281 family are 8-bit successive approximation AI D 
converters with serial 1/0 and configurable input multiplex
ers with up to 8 input channels. 

All errors of the sample-and-hold, incorporated on the 
ML2281 family are accounted for in the analog-to-digital 
converters accuracy specification. 

The voltage reference can be externally set to any value be
tween GND and Vee, thus allowing a full conversion over a 
relatively small voltage span if desired. 

The ML2281 family is an enhanced double polysilicon CMOS 
pin compatible second source for the ADC0831, ADC0832, 
ADC0834, and ADC0838 AI D converters. The ML2281 series 
enhancements are faster conversion time, true sample-and
hold function, superior power supply rejection, improved AC 
common mode rejection, faster digital timing, and lower 
power dissipation. All parameters are guaranteed over 
temperature with a power supply voltage of SV ± 10%. 

BLOCK DIAGRAMS 
ML2281 

CONTROL 
AND 

TIMING 

1 
vee 

cs 

CLK 

VREf 

1 
GND 

FEATURES 
• Conversion time 61-15 
• Total unadjusted error ± 112 LSB or ± 1 LSB 
• Sample-and-hold 375 ns acquisition 
• 2,4, or 8-input multiplexer options 
.0 to 5V analog input range with single 5V power 

supply . 
• Operates ratiometrically or with up to 5 V voltage 

reference 
• No zero or full-scale adjust required ., 
• ML2281 capable of digitizing a 5 V, 40 kHz sine wave IIIrII 
• Low power 12.5mW MAX 
.0.3" width 8-,14-, or 20-pin DIP 
• 20-pin surface mount PCC ML2288 
• Superior pin compatible replacement for ADC0831, 

ADC0832, ADC0834, and ADC0838 
• Analog input protection 25 rnA (min) per input 

4-HIT 

CHO 

CHI 

CH2 a-CHANNEL 
S. E. 

CH3 OR 
CH4 4-CHANNEL 

DIFF. 
CH5 MULTIPLEXER 

CH6 

CH7 

COMMON 

ML2288 

I+----ODI 

~+-----~~~ 

!+-+-+_----{) CLK 

L.:=JI--t-----o cs 

1---+000 

.....--_..l.._-=;----oSE 

AID 
CONVERlER 

WITH 
~PLE&HOLD 

FUNCTION 

~ 
AGND VREF 

--ODGND 

6 
Vee v+ 
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~L2281,~L2282,~L2284,~L2288 

PIN CONNECTIONS 

ML2281 Single Differential Input 
8-PIN DIP 

. csoa Vee 
VINI+) 2 .7. CLK 

VINI-) 3 6 00 

GND 4 5 VREF 

TOP VIEW 

ML2284 4-Channel MUX 
14-PIN DIP 

TOPVIEW 

ML2282 2-Channel MUX 
a·PIN DIP 

csOa Vee (VREF) 
CHO 2 7 CLK 

CH13600 

GND45DI 

roPVIEW 

ML2288 &-Channel MUX 
2O-PIN PeC 

CH2 CHl CHO Vee V + 

~\ 1// 
CH3 
CH4 
CH5 
.CH6 
CH7 

TOP VIEW 

cs 
DI 
CLK 
SARS 
00 

PI N OESCRI PTION 

2-172 

NAME 

Vee 
DGND 

AGND 

COM 

V+ 

FUNCTION 

Positive supply. 5volts ± 10% 

Digital ground. ° volts. All digital 
inputs and outputs are referenced 
to this point. 

Analog ground. The negative refer· 
ence voltage for AI D converter. 

Analog inputs. Digitally selected to 
be single ended (YIN) or; VIN + or 
VIN- of a differential input. Analog 
range = GND~VIN~Vee 

Common reference point for ana· 
log inputs. AID conversion is 
performed on voltage difference 
between analog input and this 
common reference point if single· 
end conversion is specified. 

Reference. The positive reference 
voltage for AI D converter. 

Shift enable. Input controls 
whether lSB first bit stream is 
shifted out on serial output 00. If 
SE -1, MSB first is shifted out only. 
IfSE-O, an MSB first bit stream is 
shifted out, then a second bit 
stream with LSB first is shifted out 
after end of conversion. 

Input to the Shunt Regulator. 

NAME 

DO 

SARS 

ClK 

DI 

'Micro Linear 

ML2288 8-Channel MUX 
2O-PINDIP 

TOP VIEW 

vee 

cs 
DI 

CLK 

SARS 

00 

FUNCTION 

Data out. Digital output which 
contains result of AI D conversion. 
The serial data is clocked out on 
falli ng edges of CLK. 

Successive approximation register 
status. Digital output which indio 
cates that a conversion is in pro· 
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com· 
pleted. When CS-1, SARS is in 
high impedance state. 

Clock.Digital input which clocks 
data in on DI on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for AI D 
conversion. 

Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 

Chip select. Selects the chip for 
multiplexer and channel assign· 
mentand AID converison. When 
CS= 1, all digital outputs are in high 
impedance state. When CS - 0, 
normal AI D conversion takes 
place. 



ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Notel) 

Current into V + 
Supply Voltage, Vee 
Voltage 

Logic Inputs 
Analog Inputs 

Input Current per Pin (Note 2) 
Storage Temperature 
Package Dissipation 

at TA ~ 25° C (Board Mount) 
Lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Molded) ... 
Dual-In-Line Package (Ceramic) 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) 
I nfra red (15 sec.) 

15mA 
6.5V 

- 7V to Vee +7V 
-0.3VtoVee +O.3V 

±25mA 
-65°Cto +150°C 

800mW 

ELECTRICAL CHARACTERISTICS 

Supply Voltage, Vec .. 
Temperature Range (Note 3) 

ML2281/2/4/8 BMJ 
ML2281/2/4/8 CMJ 
ML2281/2/4/8 BIJ 
ML2281/2/4/8 CIJ 
ML2281/2/4/8 BCP 
Ml2281/2/4/8CCP 

Unless otherwise specified TA ~ T MIN to T MAX, VCC~ VREF~ 5V ± 10%, and fClK ~ 1 333MHz 

. ... 4.5VDc t06.3VDe 
TMIN",TA",TMAX 

-55°Cto +125°C 

ML2281B, ML2282B ML2281C, ML2282C 
ML2284B, ML2288B ML2284C, ML2288C 

PARAMETER NOTES CONDITIONS MIN 
I TYP I 

NOTE 4 MAX MIN 
I TYP I 

NOTE 4 MAX UNITS 

CONVERTER AND MUlTIPLEXER CHARACTERISTICS 

Total Unadjusted Error 5,7 VREF~Vee ±'12 ±1 LSB 

Reference Input 5,8 6 10 15 6 10 15 kQ 
Resistance 

Common-Mode Input 5,9 GND Vee GND Vee V 
Range -0.05 +0.05 -0.05 +0.05 

DC Common-Mode 6 Common Mode ±'h6 ±'/4 ±'h6 ±'J4 LSB 
Error Voltage GND to VCCl2 

AC Common-Mode 6 Coman Mode Voltage ±'/4 ±'/4 lSB 
Error GND to Vee!2. 

o to 50kHz 

DC Power Supply 6 Vee~5V±10% ±'132 ±'/4 ±'/32 ±'/4 LSB 
Sensitivity V REF '" Vce +O.lV 

AC Power Supply 6 100 mVp_p, 25 kHz sine ±'/4 ±'/4 LSB 
Sensitivity on Vee 

Change in Zero Error 6 15mAintoV+ ±'12 ±'/2 LSB 
from Vce~5V to Inter- Vee~N.C. VREF~5V 
nal Zener Operation 

Vz, Internal Diode 15mAintoV+ 6.9 6.9 V 
Regulated Breakdown 
(atV+) 

V + Input Resistance 5 20 35 20 35 kQ 

10ff' Off Channel 5,10 On Channel ~ Vee -1 -1 flA 
Leakage Current OffChannel~OV 

On Channel~OV +1 +1 flA 
Off Channel ~ Vec 

lan, On Channel 5,10 On Channel~OV -1 -1 flA 
Leakage Current Off Channel ~ Vec 

On Channel~Vee +1 +1 flA 
OffChannel~OV 
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M12281, ML2282, ML2284, ML2288 

ELECTRICAL CHARACTE RlSTICS (Continued) 
Unless otherwise specified TA - T MIN to T MAX VCC-VREF~5V + 10% and fClK ~1 333MHz - , -

ML2281B, ML2282B ML2281C, ML2282C 
ML2284B, ML2288B ML2284C, ML2288C 

PARAMETER NOTES CONDITIONS MIN 
I TYP I 

NOTE 4 MAX MIN 
I TYP I 

NOTE 4 MAX 

DIGITAL AND DC CHARACTERISTICS 

VINll)' Logical ''1'' 5 2.0 2.0 
Input Voltage 

V INIO)' Logical "0" 5 0.8 0.8 
Input Voltage 

IINll)' Logical "1" Input 5 VIN~VCC 1 1 
Current 

IINIO)' Logical "0" Input 5 VIN~OV -1 -1 
Current 

VOUT(1), Logical "1" 5 IOUT~ -2mA 4.0 4.0 
Output Voltage 

VOUTIOI' Logical "0" 5 louT~2mA 0.4 0.4 
Output Voltage 

lOUT, Hi-Z Output 5 VOUT~OV -1 -1 
Current VOUT~VCC 1 1 

ISOURCE, Output 5 VOUT~OV -6.5 -6.5 
Source Current 

ISINK' Output Sink 5 VOUT~VCC 8.0 8.0 
Current 

Icc, Supply Current 5 1.3 2.5 1.3 2.5 
ML2281, ML2284, 
ML2288 

ML2282 5 Includes Ladder 1.8 3.5 1.8 3.5 
Current 

PARAMETER CONDITIONS MIN 

AC ELECTRICAL CHARACTE RISTICS 

fCLK' Clock Frequency 5 10 1333 

tACQ' Sample-and-Hold 
Acquistion 

1/2 

tc, Conversion Time Not including MUX 8 
Addressing Time 

SNR, Signal to Noise Ratio 12 VIN ~40kHz, 5V Sine. 47 
ML2281 fCLK ~ 1.333 MHz 

(fSAMPLlNG£!120kHz). 
Noise is Sum of All 
Nonfundamental 
Components up to 1/2 of 

fSAMPLING 

THD, Total Harmonic 12 VIN~40kHz, 5V Sine. -60 
Distortion ML2281 fCLK ~ 1.333 MHz 

(fSAMPLlNG£!120 kHz). 
THD is Sum of 2,3,4,5 
Harmonics Relative to 
Fundamental 

2-174 'Micro Linear 

UNITS 

V 

V 

"A 

'""" 
V 

V 

/<,A 

"A 
mA 

mA 

mA 

mA 

LIMIT 
UNITS 

kHz 

1/fCLK 

1/fcLK 

dB 

dB 



~L2281,~L2282,~L2284,~L2288 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to T MAX, VCC=VREF=5V ±10%, and fCLK= 1.333 MHz 

PARAMETER CONDITIONS 

AC ELECTRICAL CHARACTERISTICS (Continued) 

IMD, Intermodulation 12 V1N=fA +fB. fA =40kHz, -60 
Distortion Ml2281 2.5V Sine. 

fB = 39.8 kHz, 2.5 V Sine, 
feLK =I.333MHz 
(fSAMPLlNG~120 kHz). 
IMD is (fA +fB), (fA - fB), 
(2 fA +fB), (2 fA - fB), 
(fA+2fB), (fA-2fB) Rela-
tive to Fundamental 

Clock Duty Cycle 5,11 40 

tSET-UP, CS Falling Edge or Data 5 130 
Input Valid to ClK Rising Edge 

tHOLD, Data Input Valid after 5 80 
ClK Rising Edge 

~1' tpdo-ClK Falling Edge to 5,13 CL =100pF 
utput Data Valid Data MSB First 90 

Data lSB First 50 

tlH, toH, - Rising Edge of CS to 6 CL =TOpF, RL =10k (see 40 
Data Output and SARS Hi-Z High Impedance Test 

Circuits) 

5 CL =100pF, RL =2k 80 

CIN, Capacitance of logic 5 
Input 

COUT, Capacitance of logic 5 
Outputs 

60 

200 
ITO 

90 

160 

LIMIT 
UNITS 

dB 

% 

ns 

ns 

ns 
ns 

ns 

ns 

pF 

pF 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (YIN) at any pin exceeds the power supply rails (VIN < GND or VIN > Vee) the absolute value of current atthat 
pin should be limited to 25 mA or less. 

Note 3: - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. ooC 
to 70°C and - 40°C to +85°C operating temperature range devices are 100% tested with temperature.limits guaranteed by TOO% testing, 
sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 

Note 8: Cannot be tested for Ml2282. 

Note 9: For V1N ( -);;' VIN( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vee supply. Be careful, 
during testing at low Vee levels (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 
the analog VIN or VREF does not exceed the supply voltage by more than 50m\/, the output code will be correct. To achieve an absolute OV to 
5 V input voltage range will therefore require a minimum supply voltage of 4,950 VDe over temperature variations, initial tolerance and loading. 

Note 10: leakage current is measured with the clock not switching. 

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300ns. The maximum 
time the clock can be high or low is 60j.ls. 

Note 12: Because of multiplexer addressing, test conditions for the Ml2282 would be VIN = 34kHz, 5V sine (fSAMPLlNG"'102 kHz); Ml2284 
VIN = 32 kHz,S V sine (fSAMPLlNG"'95 kHz); Ml2288 VIN = 30kHz,S V sine (fSAMPLlNG"'89 kHz). 

Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see 
Block Diagram) to allow for comparator response time. 
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2-176 

DATA 
OUTPUT~ 

CLJ Rl 

toH 

DATA 
OUTPUT 

J~cr 
CL~ 

GND 

DOAND VOH~% 
SARSOUTPUTS GND ____ ~__'" 

toH 

cs 
GND 

~
H 

DOAND Vee -----

SARS OUTPUTS VOL 10% 

Figure 1. High Impedance Test Circuits andWavefonns 

Data Input Timing 

CLK 

Data Output Timing 

:~ftpdO,tpdl 
OUT (DO) ---'~2 I. \._ 

SE ~
tSET-UP 

---~1 

ML2281 Start Conversion Timing 

START 
CONVERSION 

DO -----..,\... __ -'1 ~ 
BIT7 
(MSB) 

Figure 2. Timing Diagrams 
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ML2281, ML2282, ML2284, ML2288 

CLOCK (CLK) 

CHIP SElECT (Cs) 

DATA IN (01) 

ML2281 Timing 

4 6 10 11 

CIOCK(CLK) 

--j!--tSET- UP 

CHIP SElECT (CS) , -l' 
4-1------------------------~ 

! I" 
DATA OUT (DO) H I-Z 

SAMPLE & HOlD --l I-- (M~8) 6 
ACQUISITION (tACQ) 

o 
(LSB) 

'LSB FIRST OUTPUT Nffi AVAILABLE ON Ml2281 

ML2282 Timing 

2 6 

DATA OUT (DO) --=:;--i-, 

ML2284 Timing 

4 678 

CLOCK(CLK) 

CHIP SElECT (CS) 

DATA IN (01) 

DATA OUT (DO) ---""'"'"-::---+-; 

F'lgure 2. TIming Diagrams (Continued) 
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ML2281, ML2282, ML2284, ML2288 

CLOCK (ClK) 

CHIP SElEa (CSi 

DATA IN (DI) 

SAR STATUS (SARS) 

Toc'g~~~61 
LSBFIRST 
OUTPUT 

1 
SE 

00-----;;;-;-""'---+-1 

1.0 

0.75 

Ii1 
~ 
" ~ ~.5 

i: 
" :li z 
:::l 

0.25 

ML2288 TiminIJ 

*ClOCK EDGE #18 CIDCKS IN THE LSB BEFORE SE IS TAKEN LOW 

Figure 2. Timing Diagrams (Continued) 

vLUI 
VREf",,5V 

l",,-l250 C .' 

_55°C !--
l-

2n 
I 

0 0 0.01 0.1 

ClOCK FREQUENCY (MHz) 

Figure 3. Linearity Error vs fClK 

t-

V 



ML2281, ML2282,M12284, ML2288 

I Vcc=SV 
Vcc=sv VIN=OV 
felK "" 1.333MHz fCLK" 1.333MHz 

TA=25°C 

0.75 0.75 

~ 
"' Sf 
~ 0.5 --, 

~ -~ 
:::::::"... /25°C 

I 

0.25 

o 

~ 

:r 
0 

0.25 
\ 

~ --+-o 
o o 

Figure 4. Linearity Error vs VREF Voltage Figure 5., Unadjusted Offset Error vs VREF Voltage 

" 01' OcO'-------------------, 
fS 18 

START 

'6 
Cl.6-------+---+-~~+---~-----~-~---_=__=__=__=__=__=__=__=__=__=__=__=__=__=__-,~~---~b_~135E' 

Vee r-

CH2 

CH3 

CH4.~'-+~~~~~-~~ 
• CH"o-t--~-+-;--~~ 

CH6* &-+::!~~~+-+--;:::::::: 
8 CH7' o-t------+-;--~~ 
9 

ANALOG 
MUX 

(EQUIVAlENn 

COM*o--~~~t;i:::::::~~~----~ 
12 

VREF 0:::-----------------4, 
Vee 02"'O ___ ~---~----*~~R~N~I~~AL 

Vee 
INPUT 1 --
13\~TO DGNDl 16 X INTERNAL 
~ rh CIRCUITS 

AGND*'o-_______ ::.IN::.P=-UT::.Pc.:R:.:OT.::':.:O.::I:.:O;.:N_-::.A:.:ll::.l:.:OG=,'Cc.:INc.:P:..:U:..:T4' 

'SOME OFTHESE FUNCTIONS/PINS ARE NOT AVAILABLE WITH OTHER OPTIONS. 
NOTE 1: FOR THE ML2284 0115 INPUT DIRECTLY TO THE 0 INPUT OF SELECT 1. SELECT 0 IS FORCED TO A "1". FOR THE ML2282, 0115 INPUT DIRECTLY TO THE 0 
INPUT OF ODD/SIGN. SELECT 0 IS FORCED TO A "1" AND SELECT 115 FORCED TO A "0". 

Figure 6. ML2288 Functional Block Diagram 
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ML2281,ML2282" ML2l84; ML2288 

1.0 FUNCTIONAL DESCRIPTION' 
1.1 Multiplexer Addressing 
The design of these converters I.ltilizes a sample data compar
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is illways the difference be
tween an assigned" +" input terminal and a "-" input ter
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" +" input is less than the 
"-" input, the converter responds with an all zeros output 
code. ' ' 
A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, differential, or pseudo differential options. The 
pseudo differential option"Yili convert the difference be
tween th~ .voltage at any analog input and a <;:ommon termi
nal. One converter package can now accomodate ground 
referenced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned'duringthe MUX 
addressing sequence, prior to the start of a 'conversion. The 

,MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel 0 and channell may be 
selected as a different pair but channel 0 or channel.l,cannot 
act differentiilily with any other channel. In addition to select
ing the differential mode, the sign may also be selected. 
Channel 0 may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in Tables 1, 2, 
and3. 

The MUX address is shifted into the converter via the DI 
input. Since the ML228.1 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressi ng. 

The common input line qn the ML2288 can be used as a 
pseudo differential input. In this mode, the voltage on the 
COM pin is treated as the" -" input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is mostuseful in single supply 
applications where the analog circuitry may be biased at a 
potential other than ground and the oytput signals are all 
referred to this potential. 

Since the input configuration is under software control, it can 
be modified, as' required,at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 

Table 1. Mt2288 MUX Addressing 8 Single-Ended or 4 
Differential Channels 

Single-Ended MUX Mode 

MUXAddress Analog Single-Ended Channel # 

SGLI 000/ SELECT 

DIF SIGN 1 0 0 1 2 3 4 5 6 7 COM 

1 0 0 0 + -
1 0 0 1 + -
1 0 1 0 + -
1 0 1 1 + ' -
1 1 0 0 + -
1 1 0 1 + '-
1 1 1 0 + -
1 1 1 1 + -

Differential MUX Mode 

MUXAddress Analog Differential Channel-Pair # 

SGLI ODD/ ,SELECT 0 1 2 3 

OIF SIGN 1 0 0 1 2 3 4 5 6 7 

0 0 0 0 + -
0 0 0 1 + -
0 0 1 0 + -
0 0 1 1 + -
0 1 0 0 - + 
0 1 0 1 - + 
0 ,1 1 0 - + 
0 1 1 1 - + 

Table 2. Mt2284 MUX Addressing 4 Singie-E"ded or 2 

SGLI 
5iF 

1 

1 

1 

1 

SGlI 
DIF 

,0 
0 
0 

P 
,. 

Differential Channel '" 

Single-Ended MUX Mode" ' " 

MUXAddress Channel # 

000/, SELECT 

SIGN 1 0 1 2 3 

0 0 + 
0 1 + 
1 0 + 
1 1 + 

.. 
'COM IS Internally tied to A GND 

Differential MUX Mode 

MUXAddress ' Channel# 

ODD! SELECT 
SIGN 1 0 1 2 3 

0 0 + -
0 1 + -
1 0 - + 
1 1 - + 
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Table 3. ML2282 MUX Addressing 2 Single-Ended or 1 
Differential Channel 

Single-Ended MUX Mode 

MUXAddress Channel # 

SGLlDIF ODD/SIGN 0 1 

1 0 + 
1 1 + 

COM is internally tied to GND 

Differential MUX Mode 

MUXAddress 

SGLlDIF ODD/SIGN 

0 0 

0 1 

8 Single-Ended 

0, 1( 
2,3 ( 

4,5\ 
6,7 ( 

+ 

+ 

+ 
+ 
+ 
COM(-) 

4 Differential 

+ (-) 

- (+) 
+ (-) 

- (+) 
+ (-) 

- (+) 
+ (-) 

- (+) 

Channel # 

0 1 

+ -

- + 

8 Pseudo-Differential 

+ 
VSIAS-=-

l 

0, 1( 

2,3( 

+ 
VSIAS-=-

I 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
COM(-) 

Mixed Mode 

+ 

+ 

+ 

+ 

+ 

+ 

COM(-) 

Figure 7. Analog Input Multiplexer Functional 
Options for ML2288 

~L2281,~L2282,~L2284,~L2288 

1.2 Digital Interface 

The block diagram and timing diagrams in Figures 2-5 illus
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the ClK input. On each rising edge of 
the clock, the data on DI is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the DI input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of '12 clock period is 
used for sample & hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the DI input is 
ignored. 

The DO output comes out of High impedance and provides 
a leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
f.lP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this '12 clock cycle later. 

The serial data is always shifted out MSB first during the con
version. After the conversion has been completed, the data 
can be shifted out a second time with lSB first, depending on 
level of 5E input. For the case of Ml2288, if 5E ~ 1, the data is 
shifted out MSB first during the conversion only. If SE is 
brought low before the end of conversion (which is signalled 
by the high to low transition of SARS), the data is shifted out 
again immediately after the end of conversion; this time lSB 
first. If SE is brought low after end of conversion, the lSB first 
data is shifted out on falling edges of clock after 5E goes low. 
For Ml2282 and 2284, 5E is internally tied low, so data is 
shifted out MSB first, then shifted out a second time lSB first 
at end of conversion. For Ml2281, SE is internally tied high, 
so data is shifted out only once MSB first. 

All internal registers are cleared when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The DI input and DO output can be tied together and con
trolled through a bidirectional f.lP I/O bit with one connec
tion. This is possible because the DI input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 
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1.3 Reference 

The voltage applied to the reference input to these converters 
defines the voltage span of the analog input (the difference 
between VINmax and VINmin) over which the 256 possible 
output codes apply. The devices can be used in either ra
tiometric applications or in systems requiring absolute accu
racy. The reference pin must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 10k. This pin is the top of a resistor divider string 
used for the successive approxi mation conversion. 

In a ratiometric system, the analog input voltage is propor
tional to the voltage used for the AID reference. This voltage 
is typically the system power supply, so the VREF pin can be 
tied to Vee. This technique relaxes the stability requirements 
of the system reference as the analog input and AI D refer
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be
tween specific voltage limits, the reference pin can be biased 
with a time and temperature stable voltage source. 

The maximum value of the reference is limited to the Vee 
supply voltage. The minimum value, however, can be quite 
small to allow direct conversion of inputs with less than 5 
volts of voltage span. Particular care must be taken with re
gard to noise pickup, circuit layout and system error voltage 
sources when operating with a reduced span due to the 
increased sensitivity of the converter. 

1.4 Analog Inputs and SamplelHold 

An important feature of the Ml2281 family of devices is that 
they can be located at the source of the analog signal and 
then communicate with a controlling IlP with just a few 
wires. This avoids bussing the analog inputs long distances 
and thus reduces noise pickup on these analog lines. How
ever, in some cases, the analog inputs have a large common 
mode voltage or even some noise present along with the 
valid analog signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both" +" and" -" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between" +" and" -" 
inputs. 

The Ml2281 family have a true sample and hold circuit 
which samples both" +" and" -" inputs simultaneously. 
This simultaneous sampling with a true 51 H will give com
mol') mode rejection and AC linearity performance that is 
superior to devices where the two input terminals are not 
sampled at the same instant and where true sample and hold 
capability does not exist. Thus, the Ml2281 family of devices 
can reject AC common mode signals from DC-50 kHz as well 
as maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is '12 ClK per
iod wide and occurs liz ClK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the SIH acquisition time, 8 pF of 

capacitance is thrown onto the analog input. liz ClK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the SIH acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer ClK period can be used. 

The Ml2281X family has improved latchup immunity. Each 
analog input has dual diodes to the supply rails, and a mini
mum of + 1- 25 mA (+ I -100 mA typically) can be injected 
into each analog input without causing latchup. 

1.5 Dynamic Performance 
Signal-to-Noise-Ratio 

Signal-to-noise ratio (SNR) is the measured signal-to-noise at 
the output of the converter. The signal is the RMS magnitude 
of the fundamental. Noise is the RMS sum of all the nonfun
damental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more levels, the smaller the quanti
zation noise. The theoretical SNR for a sine wave is given by 

SNR~ (6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal 8-bit converter, 
SNR~49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the RMS sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
Ml2281 Series is defined as 

(V22 +V32 +V42 +Vs2)1/2 
20 log 

where Vl is the RMS amplitude of the fundamental and V2, 
V3, V4, Vs are the RMS amplitudes of the individual 
harmonics. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fB' any active device with nonlinearities will create distor
tion products, of order (m +n), at sum and difference frequen
cies of mfA +nfB' where m, n ~ 0,1,2,3, .... Intermodulation 
terms are those for which m or n is not equal to zero. The 
(lMD) intermodulation distortion specification includes the 
second order terms (fA +fB) and (fA - fB) and the third order 
terms (2 fA +fB), (2 fA -fB)' (fA +2fB) and (fA -2fB) only. 

1.6 Zero Error Adjustment 

The zero of the AI D does not requiie adjustment. If the mini
mum analog input voltage value, VINmin is not ground, a 
zero offset can be done. The converter can be made to out
put 00000000 digital code for this minimum input voltage by 
biasing any VIN - input at this VIN min value. This utilizes the 
differential mode operation of the AI D. 
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The zero error of the AI D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the VIN - input and applying a small magnitude 
positive voltage to the VIN + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal ' f, LSB value (1/2 LSB ~ 9.8 mV for 
VREF~5.000VDcl· 

1.7 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen
tial input voltage which is 1'/2 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni
tude of the VREF input or Vee for a digital output code which 
is just changing from 11111110 to 11111111. 

1.8 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AI D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A VIN + voltage which equals this 
desired zero reference plus '/2 LSB (where the LSB is calcu
lated for the desired analog span, 1 LSB ~ analog span 1256) is 
applied to selected" +" input and the zero reference voltage 
at the corresponding" -" input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the VIN + input which is given by: 

VIN + fs adjust~Vmax-1.5·[(Vmax-Vmin)/2561 
where Vmax ~ high end of the analog input range 

Vmin ~ low end (offset zero) of the analog range 
The VREF or Vee voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.9 Shunt Regulator 

A unique feature of ML2288 and ML2284 is the inclusion of a 
shunt regulator connected from V + terminal to ground 
which also connects to the Vee terminal (which is the actual 
converter supply) through a silicon diode as shown in Figure 
8. When the regulator is turned on, the V + voltage is 
clamped at 11 VBE set by the internal resistor ratio. The typical 
I-V curve of the shunt regulator is shown in Figure 9. It should 
be noted that before V + voltage is high enough to turn on 
the shunt regulator (which occurs at about 5.5V), 35 kQ of 
resistance is observed between V + and GND. When the 
shunt regulator is not used, V + pin should be either left float
ing or tied to GND. The temperature coefficient of the regula
tor is -22mV/°C. 

~L2281,~L2282,~L2284,~L2288 

12V v+ ,-------, Vee 

\ 1+- I 
CURRENT LIMITING II 
RESISTOR, I +.; 15 mA I 

I 
I 
I 
I 
I 

GNol 

28.8k 

1...------

Figure 8. Shunt Regulator 

1+ 

15mA ----------

5.5V 6.9V 

Figure 9. I-V Characteristic of the 
Shunt Regulator 
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Ml2281, ML2282, ML2284, ML2288 

2.0 APPLICATIONS 

8051 Interface and Controlling Software 

)-;- CHO cs -Pl3 

· CLK -Pl2 · ML2288 8851 · 01_ Pl! · 
)-!- CH7 DO -Pl. 

Mnemonic' Instruction 

START ANL P1,#OF7H ;SELECT AID 
(CS -0) 

MOV B,#5 ;BITCOUNTER - 5 
MOV A,MDDR ;A - MUXBIT 

LOOP 1: RRC A ;CY - ADDRESS BIT 
JC ONE ;TEST BIT 

;BIT-O 
ZERO: ANL P1, #OFEH ;01-0 

SJMP CaNT ;CONTINUE 
;BIT-1 

ONE: ORL P1,#1 ;01-1 
CONT: ACALL PULSE ;PULSE SK 0 -+ 1 -+ 0 

DJNZ B, LOOP 1 ;CONTINUE UNTIL 
DONE 

ACALL PULSE ; EXTRA CLOCK FOR 
SYNC 

MOV B,#8 ;BITCOUNTER - 8 
LOOP 2: ACALL PULSE ;PULSE SK 0 -+ 1 -+ 0 

MOV A, P1 ;CY- DO 
RRC A 
RRC A 
MOV A,C ;A - RESULT 
RLC A ;A(O) - BIT AND SHIFT 
MOV C,A ;C - RESULT 
DJNZ B, LOOP 2 ;CONTINUE UNTIL 

DONE 
RETI 

;PULSE SUBROUTINE 
PULSE: ORL P1,#04 ;SK -1 

NOP ;DELAY 
ANL P1, #OFBH ;SK -0 
RET 
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APPLICATIONS (Continued) 

5Voc 

cLOsn1 START THE 
AI D CONVE RSION 

LM335 

ML2281, ML2282, ML2284, ML2288 

ML2288 "Stand-Alone" or Evaluation Circuit 

s 
CLK 

S 

11 

15 

10 
NC 

5Voc (ORV,N) 

18 
Cs 

16 
CLK 

51k (4) 

1, 
12 

CLR 

13 12 11 

MUXADDRESS 

i 
13 14 

PARALLEL INPUTS 

INPUT SHIFT REGISTER 
74H065 

ANALOG INPUTS 

ML2288 

OUTPUT SHIFT REGISTER 
74H064 

10 6 

START BIT 

SGL/DIF 

4 

Vee DO 

14 

5Voc 

SE 13 

1/274HC74 .'::::--_-__ --".,::-::-:-=..,.,-_--_-_:-=-0 
MSB DATA DISPLAY LS8 5Voc 

Low-Cost Remote Temperature Sensor Vee 
(5Vocl 

3k 

,,---o-~----I Y,N (+) 

10k 
TAMIN 

ADJ. 

ML2281 

V,N(-) 

Veel-...... -,-+-~ 

J:1O~F 

10k 
VR" I---~TAMAX 

ADJ. 
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Mt2281, ML2282,Mt2284, Mt2288 

APPLICATIONS (Continued) 

Obtaining 9-Bit Resolution 

Va~--~------~~----------~ 

R 

R 

CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH 
INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE. 

THIS INFORMATION PROVIDES THE EXTRA BITS. 

Protecting the Input 
Vee 

(5Vod 

>--JVII'v-----t VIN (+) Vee 

- 15Voc 

ML2281 

DIODE CLAMPING IS Nm NEEDED 
IF CURRENT IS LIMITED TO 25mA 

Digitizing a Current flow 

2-186 

Vee 0.112 -llOAD 
(5Voc) 

1002 

VIN(-) Vee 

240k 

':' 
ML22B1 

1002 
ZERO VIN(+) VREF 

ADJ. 

120k 

Operating with Ratiometric Transducers 

20k r-------, 
VXOR 

i-"=J----1VIN (+) Vee 

3k ML2281 

'VIN(-) =O.15Vee 
15% OF Vee <VXOR <85% OF Vee 

Va 
(5Vod 

10k 

1k 
FS 
AD/. 

24k 

(2A FULL-SCALE) 

Vee 
(5Voc) 

+ 

JlO~F 2k 
':' 

9.1k 

Span Adjust: OV Et VIN Et 3V 

Vee 
(5Voc) 

Vee~~--~-------, 
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~L2281,~12282,~L2284,~L2288 

APPLICATIONS (Continued) 

Zero-Shift and Span Adjust: 2 V ~ VIN ~ 5 V Digital Load Cell 

Vee 
(5 Voc) 

330 

V'N(+) veel-+---------, 

1.2k 
ML2281 ..., 

V'N(-) 

I 
I 
I 
I 
I 
I SETS ZERO 

CODE VOLTAGE 330 I 
I 

1k 
2.7k 2Voc 

ZERO AD). 

T, 

T8 

- .... 

• USES ONE MORE WIRE THAN lOAD CELL ITSELF 
• TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL 

FOR DIGITAL OUTPUT TRANSDUCER 
• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 

SPECS FOR GAUGE FACTOR AND OFFSET 
• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 

HIGH NOISE IMMUNITY 

Convert 8 Thennocouples with only One Cold-Junction Compensator 

TYPE) 'REF 
+~-~~-r----' 

1k 

TYPE) 'REF 
+~~~~1-~---' 

1k 

~~---------~CHO 

r-________ ~CH7ML22~ 

1k 910 

USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DIFFER· 
ENTIAL INPUTS CONSTANT 
WITH CHANGES IN REFERENCE TEMPERATURE (l REF). 

'Micro Linear 

Vee 

SERIALI/O 

LM385 

2-187 

E 



ML2281, ML2282, Ml2284, ML2288 

APPLICATIONS (Continued) 

CLK 

cs 

01 

2-188 

4 mA-20 mA Current loop Converter 

24 6.2 200 
k k k Vee 

+IN 

-IN 

5k VREr 
2 10k 

Vee 

47 3.9 300 V+ 
k k k Vo 

GNO 

• ALL POWER SUPPLIED BY LOOP 
• 1500V ISOLATION AT OUTPUT 

Isolated Data Converter 

lN4148 

·,:;..=-............. --~---.-VeeOUT 

-= 6N139 HIGH GAIN 
OPTOCOUPLER 

lOOk 

6.B 
k 

lN4148 

CLK 

CS Vee 

ML2288 

01 
BANALOG 
CHANNELS 

00 

-= 

• NO POWER REQUIRED REMffiELV 
• 1500V ISOLATION 
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CLK 

Cs \ 
FSR 

HI·Z 
DO 

~L2281,~L2282,~L2284,~L2288 

ML2281 

CLKP<:J-+-------~~------~--------~----~ 

"-' ~:~ ~ cs t:><:I--4----------1f-,-------------------J 

DO 
CLK 

SAMPLING RATE 111kHz, DATA RATE 1.33MHz 

\ 

Interfacing ML2281 to TMS320 Series 

'Micro Linear 

TMS320 
SERIES. 

DSP 

DR 

DO 

! \ 

/ '-
/ 

HI·Z 
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Mt2261, ML2282,ML2284~ML2288 

ORDERING INFORMATION 

PART NUMBER 
ALTERNATE 

PART NUMBER 

SINGLE ANAlOG INPUT, 8-PIN PACKAGE 

Ml2281BMI ADCOB31BI 
ML2281BIJ ADC0831BC/ 
ML2281BCP ADC0831BCN 
ML2281C1/ ADCOB31CC/ 
ML2281CCP ADC0831CCN 

TWO ANALOG INPUTS 8 PIN PACKAGE , . 
ML2282BMJ ADCOB32BJ 
ML2282BII ADCOB32BC/ 
ML2282BCP ADCOB32BCN 
ML2282CI/ ADC0832CC/ 
ML2282CCP ADCOB32CCN 

FOUR ANALOG INPUTS, 14-PIN PACKAGE 

ML2284BMI ADC0834BJ 
ML2284BIj ADC0834BC/ 
ML2284BCP ADCOB34BCN 
ML2284C11 ADCOB34CC/ 
ML2284CCP ADC0834CCN 

EIGHT ANAlOG INPUTS, 20-PIN PACKAGE 

ML2288BMJ ADC0838BI 
ML2288BIJ ADCOB38BC/ 
ML2288BCP ADCOB38BCN . 
ML2288BCQ ADCOB38BCV 
ML2288CIJ ADC0838CC/ 
ML2288CCP ADCOB38CCN 
ML2288CCQ ADCOB38CCV 

TOTAL 
UNADIUSTED ERROR 

±'i2LSB 

±llSB 

. 
±'i2LSB ' 

±llSB 

±'i2LSB 

±llSB 

±'i2LSB 

±lLSB 

'MicroLine~r 

TEMPERATURE 
RANGE 

-55°Cto +125°C 
-4O°Cto +85°C 

O"'to +70°C 
-40°C to +85°C 

O°Cto +70°C 
. 

-55°,Cto +125°C 
-40°C to +85°C 

O°Cto +70°C 
-40°C to +85°C 

O°Cto +70°C 

-55°Cto +125°C 
-40°C to +85°C 

0° to +70°C 
-40°C to +85°C 

O°Cto +70°C 

-55°Cto +85°C 
-40°C to +85°C' 

O°Cto +700 C 
O°Cto +70°C 

-40°C to +85°C 
O°Cto +70°C 
O°Cto +70°C 

PACKAGE 

HERMETIC DIP (J08) 
HERMETIC DIP (J08) 
MOLDED DIP (POB) 
HERMETIC DIP (J08) 
MOLDED DIP (P08) 

HERMETIC DIP (108) 
HERMETIC DIP (J08) 
MOLDED DIP (POB) 
HERMETIC DIP (108) 
MOLDED DIP (P08) 

HERMETIC DIP (114) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 
HERMETIC DIP (/14) 
MOLDED DIP (P14) 

HERMETIC DIP (J20) 
HERMETIC DIP (]20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
HERMETIC DIP (J20) 

. MOLDED DIP (P20) 
MOLDED PCC (Q20) 
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PRELIMINARY 

ML2340, ML2350 

Single Supply, Programmable 
8-Bit Of A Converters 

GENERAL DESCRIPTION 
The ML2340 and ML23S0 are CMOS voltage output, 8-
bit D/A converters with an internal voltage reference 
and a: liP interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (Vzs) in the unipolar mode or 
around zero scale (Vzs) in the bipolar mode, both with 
programmable gain. Vzs can be set to any voltage 
from AGND to 2.2SV below Vee. The digital and 
analog grounds, DGND and AGND, are totally 
independent of each other. DGND can be set to any 
voltage from AGND to 4.5V below Vee for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the 
ML2340 and ML23S0 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended applicatiofl is controlling a hard 
disk voice coil. 

The internal reference of the ML2340 provides a 2.2SV 
or 4.50V output for use with AID converters that use a 
single SV ± 10% power supply, while the ML23S0 
provide a 2.S0V or 5.00V reference output. 

BLOCK DIAGRAM 

Vzs 

VREFOUTTI 
r 

V.'FlN 0------1 

8·BITD/A 

DGND~ 

XFER DBO 
ILSB) 

Vee 

r 

DB7 
(MSB) 

AGND 

r 

GAIN 0 GAIN 1 

FEATURES 
• Programmable output voltage gain settings of 2, 1, 

V2, % provide 8-, 9-, 10-, or ll-bit effective 
resolution around zero 

• AGND to Vee output voltage swing 
• Bipolar or unipolar output voltage 
• 4.5V to 13.2V single supply or ±2.25V to ±6.5V 

dual-supply operation. 
• Transparent latch allows microprocessor interface 

with 30ns setup time 
• Data flow through mode 

• vo~~~~:~f~~~7.~~. ~~~:.~~. . . . . . . . . . . . .. 2.2SV or 4.50V II 
ML23S0 ............................... 2.50V or S.OOV 

• Nonlinearity ..................... ±% LSB or ±V2 LSB 
• Output voltage settling time over temperature and 

supply voltage tolerance . 
Within 1V.of Vee and AGND .......... 2.5JlS max 
Within 100mV of Vee and AGND .... ~.. SliS max 

• TTL and CMOS compatible digital inputs 
• Low supply current (SV supply) .......... SmA max 
• 18-pin DIP or surface mount SOIC 
• Operating temperature range of O°C to +70°C, 

-40°C to +8SoC, and -55°C to +12SOC 

PIN CONNECTIONS 

VOUT 

Vzs 

AGND 
VOUT 

DGND 

DBl 

ML2340 
Ml2350 

18-Pin DIP 

4 

S 

TOP VIEW 

VREF IN 

VREF OUT Vee 

GAIN 1 
VOUT 

Vzs 

GAIN 0 AGND 
DGND 

XFER DBO 
DBl 

DB7 DB2 

DBG 
DB3 

DBS 

DB4 

ML2340 
ML2350 

l8-Pin sOle 

lOP VIEW 

VREF IN 

VREf OUT 
GAIN 1 
GAIN 0 
XFER 
DB7 
DB6 
DBS 
DB4 
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ML2340, ML2350 

PIN DESCRIPTION 
PIN # . NAME FUNCTION 

Vee Positive supply. 

2 " .. VOUT Voltage. output of the D/A 
converter, VOUT is referenced to 

.'. Vzs· 
3 Vzs Zero Scale Voltage. VOUT is 

referenced to Vzs. Vzs is normally 
tied to AGND in the unipolar 
modeor to mid-supply in the 
bipolar mode. When the device is 
operated from a single power 
supply,Vzs has a maximum 
.current requirement of -300pA in 
the bipolar mode., 

4 AGND Analog ground. 

5 DGND Digital ground. This is the ground 
. reference level for all digital 
inputs. The range is AGND < (Vee 
- 4.5V), DGND isn()rmally tied to 
system ground. 

6, DBO Data input - Bit 0 (lSB). 

'7 DB1 Data input - Bit 1. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) . . 

Supply Voltage Vcc with Respect to AGND .... _.,..... 14.2V 
DGND ...................... , ........... -O.3V.to Vcc + O.3V 
Vzs. VREF IN ............................... -O.3V to Vcc + O.3V 
logic Inputs ... : ......................... -O.3V to Vcc + O.3V 
Input Current per Pin (Note 2) ................. :.... ±25mA 
Storage Temperature ....................... -65°C to +150°C 
Package Dissipation at TA =.25°C(Board Mount) .... '. 875mW 
lead Temperature (Soldering 10 sec.) 

Dual-In-Line Package (Molded) ...................... 260°C 
Dual-In-Line Package (Ceramic) ..................... 300°C 
Molded Small Outline IC Package . 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared (15 sec.) ........................ :'; ......... 220°C 

PIN '* NAME FUNCTION 

8 DB2 Data input - Bit 2. 

9 DB3 Data input - Bit 3. 

10 DB4 Data input - Bit 4. 

11 DBs Data input - Bit 5. 

12 DB6- Data input - Bit 6. 

13 DB7 Data input - Bit 7 (MSB) .. ' 

14 XFER Transfer enable input. The data is 
transferred into the transparent 

. latch at the high level of XFER .. 

15 GAIN 0 Digital gain settirig input o. 
16 GAIN 1 Digital gain setting input 1. 

17 VREF OUT Voltage reference output. 
VREF OUT is referenced to AGND., 
. VREF OUT is set to 2.5V and s.OV fn 
a low-voltage and high-voltage 
operation, respeCtively for the 
Ml23s0i 2:2W and 4.5V for the 
Ml2340. 

18 VREF It-! Voltage reference input. VREF IN is 
referenced to AGND. 

OPERATING CONDITIONS 
(!'Iote 1) 

Supply '-':oltage, Vcc ...................... 4.5VDC to 13.2VDC 

Temperature Range '(Note 3) .............. T MIN :S TA :S T MAX' 

Ml2340BMj, Ml2340CMj 
Ml2350BMj, M12350CMj ................. -55°C to +125°C 
Ml2340Blj, Ml2340Clj 
Ml2350Blj, M12350CI) .................... _ -40°C to +85°C 
Ml2340BCp, Ml2340CCP 
M12350BCp, Ml2350CCP 
Ml2340BCS, M12340CCS 
Ml2350BCS, M12350CCS ..................... O°C to +70°C 
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Ml2340, Ml2350 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAl(, Vee - AGND = SV ± 10% and 12V ± 10%, VREF IN for ML2340 = 2.2SV 
and 4.50\1, for ML23S0 VREF IN = 2.S0V and 5.00\1, VOUT load is RL = 1K and CL = 100pF, VREF load is RL = 1K and 
CL = 100pF and input control signals with tR = tF :S 20ns. 

ML2340XIlC, ML2340XMX 
ML2340Xcx, ML2350XCX ML2350XIlC, ML2350XMX 

PARAMETER NOTES CONDITIONS MIN I (N::: 4) I MAX MIN I (N::: 4) I MAX UNITS 

Converter and Programmable Gain Amplifier 

Converter Resolution 5 8 8 Bits 

Integral linearity Error 5 GAIN = 2, 1, 'fl, or '14 
ML234OBlCX, ML2350BXX ±',4 ±'14 LSB 
ML234OCXX, ML2350CXX ±'fl ±'fl LSB 

Differential linearity Error 5 GAIN = 2, 1, 'fl, or ',4 
ML234OBlCX, ML2350BXX ±'14 ±'14 LSB 
ML234OCXX, ML2350CXX ±'fl ±V2 LSB 

Mode Select 5 Vzs with respect to AGND 
Unipolar Output 0 1.0 0 1.0 V 
Bipolar Output 1.50 Vec-2.25 1.50 Vee-2.25 V 

Offset Error 5 Figure 1 
Unipolar Mode GAIN = v., 'fl, 1 ±10 ±12 mV 

GAIN = 2 ±20 ±24 mV 

Bipolar Mode 5 Figure 1 
GAIN = '14, V; 1, 2 ±10 plus ±10 plus mV 

±2'fl LSB ±2V2 LSB 

Gain Error 5 Figure 1 
Unipolar Mode GAIN = 'I., 'fl, 1, 2 ±.5 ±2 ±.5 ±2.5 %FS 
Bipolar Mode GAIN = v., 'fl, 1, 2 ±.5 ±2 ±.5 ±2.5 %FS 

Reference 

VREF OUT Voltage 5 
ML2340BXX Vee:S 7.0V TA = 25°C 2.23 2.25 2.27 2.23 2.25 2.27 V 

TMIN to TMAJ( 2.22 2.28 2.18 2.32 V 

Vee 2: 8.0V TA = 25°C 4.48 4.50 4.52 4.48 4.50 4.52 V 
TMIN to TMAJ( 4.46 4.54 4.43 4.57 V 

ML2340CXX Vee:S 7.0V TA = 25°C 2.22 2.25 2.29 2.22 2.25 2.28 V 
TMIN to TMAJ( 2.20 2.30 2.18 2.32 V 

Vee 2: B.OV TA = 25°C 4.45 4.50 4.55 4.45 4.50 4.55 V 
TMIN to TMAJ( 4.40 4.60 4.35 4.65 V 

ML2350BXX 5 Vee:S 7.0V TA = 25°C 2.48 2.50 2.52 2.48 2.50 2.52 V 
TMIN to TMAJ( 2.47 2.53 2.43 2.57 V 

Vee 2: 8.0V TA = 25°C 4.98 5.00 5.02 4.98 5.00 5.02 V 
TMIN to TMAJ( 4.96 5.04 4.90 5.10 V 

ML2350CXX Vee:S 7.0V TA = 25°C 2.45 2.50 2.55 2.46 2.50 2.55 V 
TMIN to TMAJ( 2.44 2.58 2.42 2.59 V 

Vee 2: B.OV TA = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 V 
TMIN to TMAJ( 4.90 5.10 4.85 5.15 V 

Temperature Coefficient 
VREF OUT 50 50 ppmi"C 

VREF Output Current 5 0.75 5 0.75 5 mA 

VREF OUT Power Supply 5 100mVp_p, 1kHz -40 -60 -40 -60 dB 
Rejection Ratio Sinewave on Vee 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA =T MIN to TMA)(, Vee - AGND =SV ± 10% and 12V ± 10%, VREF IN for Ml2340 = 2.2SV 
and 4.50V; for ML2350 V REF IN =.2.S0V and S.OOY, VOUT load is Rl = 1K and Cl = 100pF, VREF load is Rl = 1K and 
Cl = 100pF and input control signals with tR = tF ::::; 20ns. 

ML2340XIX, ML2340XMX 
ML2340Xcx, ML2350XCX ML2350XI~ ML2350XMX 

PARAMETER NOTES CONDITIONS MIN I (N:: 4) I MAX MINI (N:: 4) I MAX UNITS 

VREF IN and V15 

VREF IN Input Range 5 Vee:S 8.75V AGND+2 Vee-1.75 AGND+2 Vec-1.75 V 
Vee 2: 8.75V AGND+2 AGND+7 AGND+2 AGND+.7 V 

VREF IN DC Input 5 10 10 Mel 
Resistance 

Vzs Voltage Range 5,8 Vee:S 7.0V AGND Vee- AGND Vee- V 
2.25 2.25 

Analog Output 

VOUT Output Swing 
Unipolar Mode 5,8 Rl = 100K AGND+ Vee-·05 AGND+ Vee '-.05 V 

0.01 0.01 

Rl = 1K AGND+ Vee-1.O AGND+ Vee-1.O V 
1.0 1.0 

Bipolar Mode 5 Rl = 100K AGND+ Vee-O.1 AGND+ Vee-O.1 V 
0.1 0.1 

Rl = 1K AGND+ Vce-1.0 AGND+ Vee-1.O V 
1.0 1.0 

VOUT Output Current 5 AGND+1V<VouT<Vee-1V -10 +10 -10 +10 rnA 

Power Supply 100rnVp_p, 1kHz -60 -60 dB 
Rejection Ratio sinewave on Vee 

Digital and DC 

VINIO) Logical "0" 
Input Voltage 

5 0.8 0.8 V 

VINIl) Logical "1" .5 2.0 2.0 V 
Input Voltage 

IINIO) Logical "0" 5 VIN = DGND -1 -1 pA 
Input Current 

IINll) Logical "1" 5 VIN = Vee 1 1 pA 
Input Current 

Supply Current, 
Bipolar Mode 
leo Vee Current 5 Vee = 5V± 10% 5.3 5.3 rnA 
IAGNI> 
Analog Ground Current -5.0 -5.0 rnA 
IvzSr Vzs Current -90 -300 -90 -300 pA 

leo Vee Current 5 Vee = 12V ± 10% 9.3 9.3 rnA 
IAGNI> 

.. Analog Ground Current -9.0 -9.0 rnA 
Ivzs, Vzs Current -90 -300 ~9O -300 pA 
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ElEORICAl CHARAOERISTICS (Continued) 
Unless otherwise specified, TA = T MIN to T MAX. Vee - AGND = sv ± 10% and 12V ± 10%, VREF IN for ML2340 = 2.2sV 
and 4.50';, for ML23s0 VREF IN = 2.50V and 5.00';, VOUT load is RL = 1K and CL = 100pF, VREF load is RL = 1K and 
CL = 100pF and input control signals with tR = tF ::; 20ns. 

Ml2340XIX, Ml2340XMX 
Ml2340XCX, Ml2350XCX Ml2350XIX, Ml2350XMX 

PARAMETER NOTES CONDITIONS MIN I (N::: 4) I MAX MIN I (N::: 4) I MAX UNITS 

Digital and DC (Continued) 

Supply Current, 
Unipolar Mode 

ICG Vcc Current 5 Vcc = 5V ± 10% 6.0 6.0 mA 
IAGNO, 
Analog Ground Current -4.3 -4.3 mA 
Ivzs, Vzs Current -1.7 -1.7 mA 

Icc, Vee Current 5 Vee = 12V ± 10% 11.0 11.0 mA 
IAGNo, 
Analog Ground Current -7.3 -7.3 mA 
Ivzs, Vzs Current -3.7 -3.7 mA 

AC Performance 

Settling Time 5 Figure 2, 
tS1 Output Step of AGND + lV 1.2 2.5 1.2 3.0 JlS 

to Vee - lY, Rl = 1K 

tS2 Output Step of 2.5 5 2.5 6 /1s 
AGND + 100mV to 
Vee-100my, Rl = lOOK 

tS3 Output Step of ±llSB 1 1 /1s 

t54, Gain Change Change of Any Gain Setting 1.1 2.5 1.1 /1S 

tXFER. XFER Pulse Width 5 Figure 3 60 60 ns 

tOBS, DBO-DB7 5 Figure 3 40 45 ns 
Setup Time 

tOBH, DBO-DB7 5 Figure 3 0 0 ns 
Hold Time 

tRESET, Power-On 6 16 16 /1S 
Reset Time 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to analog ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V,N < AGND or Y'N > Vccl the absolute value of current at that pin 
should be limited to 25mA or less. 

Note 3: -55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C 
to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°c' 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Supply current and analog ground current are specified with the digital inputs stable and no load on VOUT' 

Note 8: In unipolar operation with Vzs and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND 
should be avoided. 
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ANALOG 
OUTPUT 

DIGITAL INPUT __ 

Unipolar Mode 

r 
ANALOG 
OUTPUT 

Figure 1. Gain and Offset Error 

GAIN 
ERROR 

DIGITAL INPUT _, 

Bipolar Mode 

GAIN 0, GAIN 1 - - - - - - - - - - - -~\\:: _____________ _ 

IS4 

XFER 

VOUT __________ -+ __________ _' 

Figure 2. Settling Time 

XFER 

D8O-0B7----------

Figure 3. Single Buffered Mode 
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1.0 FUNGIONAL DESCRIPTION 
1.1 DIA CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between VREF IN and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 

ML2340, ML2350 

in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
VREF IN range. 

r---~~--~~--~r---~----~--------------~C 

L-~~~~~~~~~4-~----+---~---------~om 
L-__ ~~ __ ~~ __ ~~ __ ~ ______ ~ ______________ ~om 

Figure 4. DIA Convener Implementation 

1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

M12340 and ML2350 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from ±2.25V to ±6.6V. 

The internal digital and analog circuitry is powered 
between Vee and AGND. The range of DGND is 
AGND:::; DGND :::; Vee - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TIL 
logic level). The range of Vzs is AGND :::; Vzs :::; (Vee -
2.25V). 

1.3 UNIPOLAR AND BIPOLAR OUTPUT VOITAGE 
SWING 

The ML2340 and ML2350 can operate in either unipolar 
and bipolar output voltage mode. Unipolarlbipolar 
mode selection is determined by comparing the zero 
scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs is ideally the 
voltage that will be produced at the DAC voltage 
output when the digital input data is set to all "O's". 
Unipolar mode is selected when Vzs is lower than 1.00 
volt, and bipolar mode is selected when Vzs is greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, VouTswings above Vzs. Ideally 
the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
VFS x 255/256, where VFS is the full-scale voltage 
determined by VREF IN and the gain setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, VOUT swings around Vzs. The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of VzS; 
the 10000000 code results in an output voltage of (Vzs 
- VFS); and the 01111111 results in an output voltage of 
(Vzs + VFS 127/128), where VFS is the full scale output 
voltage determined by VREF IN and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN 0 and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 

Unipolar Output Voltage Mode 

Voltage Output Swing 
GAIN 1 GAIN 0 GAIN Relative to Vzs 

0 0 1,4 VREF IN x 1,4 

0 1 112 VREF IN x Y2 

1 0 1 VREF IN x 1 

1 1 2 VREF IN x 2 
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Bipolar Output Voltage Mode 

GAIN 1 GAIN 0 GAIN Voltage Outputp_p 

0 0 1/4 ±VREF IN x Ya 

0 1 1h ±VREF IN x 1/4 

1 0 1 ±VREF' IN x 1h 

1 1 2 ±VREF IN x 1 

The output buffer can source or sink as much as10mA 
of current with an output voltage of at least 1V from 
either Vee or AGND. As the output voltage approaches 
Vee or AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within 10mV of AGND and up to within 
40mV of Vee with a 100K load at VOUT to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 

1.5 VOUAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2340 and ML2350. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the Ml2340 and 2.50 volts on the 
Ml2350 is selected when the supply voltage is less than 
approximately Z50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between ZO and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than SmA of current and sink more than 1mA of 
current. With VREF IN connected to VREF OUT, the 
following output voltage ranges of the DAC are 
obtained: 

ML2340 

, V REF = 2.25V with V REF = 4.SV with 

Gain Vcc:5 7.0V vcc 2:: S.OV 

Setting Unipolar Bipolar Unipolar Bipolar 

% o to 0.562V -D.2B1V to o to 1.12SV -0.S62V to 
+0.281 V +0.562V 

'12 o to 1.12SV -D.562V to o to 2.2SOV -1.12SV to 
+O.562V +1.12SV 

1 o t02.2S0V -1.12SV to o to 4.500V -2.2S0V to 
+1.12SV +2.2S0V 

2 o to 4.500V -2.2S0V to o to 9.000V -4.500V to 
+2.2S0V +4.500V 

ML2350 

V REF = 2.S0V with V REF = S.OOV with 

Gain Vcc:5 7.0V Vcc 2:: S.OV 

Setting Unipolar Bipolar Unipolar Bipolar 

V, o to O.62SV -0.312SV to o to 1.2SV -D.62SV to 
+0.312SV +O.62SV 

'12 o to 1.2S0V -0.62S0V to o to 2.50V -1.2S0V to 
+0.62S0V +1.2S0V 

1 o to 2.500V -1.2S00V to o to S.OOV -2.S00V to 
+1.2S00V +2.500V 

2 o to S.OOOV -2.5000V to o to 10.00V -S.OOOV to 
+2.S000V +S.OOOV 

An external reference can alternatively be used on 
VREF IN to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference. used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the Ml2340 and Ml2350 consist 
of a transfer input (XFER) and eight data inputs, DBO 
through DBZ The digital interface operates in one of 
the two modes: 

1.6.1 Single-Buffered Mode 

Digital input data on DBO-DB7 is passed through an 8-
bit transparent input latch on the rising edge of XFER. 
Because the outputs of the latch are connected directly 
to the inputs of the internal DAC, changes on the 
digital data while the XFER input is still active will cause 
an immediate change in the DAC output voltage. To 
hold the input data on the latch, the XFER input needs 
to be deactivated while the data is still stable. 

1.6.2 Flow-Through Mode 

In the flow-through mode, the input latch is bypassed. 
When XFER is set to logic "1", a change of data inputs, 
DBO-DBi'; results in an immediate update of the output 
voltage. 

1.7 POWER-ON-RESET 

The Ml2340 and Ml2350 have an iriternal power-on-reset 
circuit to initialize the device when power is first applied 
to the device. The power-on-reset interval of typically 
Bps begins when the supply voltage, Vee reaches 
approximately 2.0\1. During the power-on-reset interval, 
the transparent latch is reset to all "O's". 
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2.0 TYPICAL APPLICATIONS 

4.SV 
+VREF 1--------....-1 

ML2271 

o .s; VIN :5 4.SV 

ML2340 

D/A 
WITH 

REFERENCE VOUT 

Figure s. Using 4.S0V Reference of DIA for Reference of AID Using Single SV Vee ± 10% 

+SV 

VON 

UNIPOLAR 
VOUT 

o TO SV 

DB7 DATA DBO 

INT 
DEN 

HEN 

TMS320 
IE14 
CIS 

PAD 
PAl 
PA2 

Figure 6. TMS320 Interface 

,------------------------------------, 
1 I 
1 I 
I S.OV - 100mV I 
1 I 
I I 
I I 
I : 
I I 

1:1 ~' i 1.2SV 

~256CODES 
, .62SV 

~2S6CODES 
I GND GND GND.....s.. GND 
I VOUl, GAIN 2 VOUl, GAIN 1 VOUl, GAIN '/2 VOUT, GAIN 114 
I I L ______________________________________ ~ 

Figure 7. Single SV Supply Unipolar VOUT 
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2.0 TYPICAL APPLICATIONS (Continued) 

+12V 

MICRO· 
CONTROLLER 

2-200 

BIPOlAR 
Your 

AKUUNU 
4.5V 

r-- -- -- - - --- - - - - -- ----:--- -------- --- ------ --l 

I : 
I I :y 9.0V 

: . 256 CODES 

I . 
-------l=-----4.5V 

..-----6.75V 

'3:"~' "'s~';'~' =-~ =" 4.5V 4.5V ~ ~:;~8V 

VOUl, G~i~~v1f2 VOUl, GAIN'" % 
2.25V 

VOUT, GAIN '" 1 
I 

_________ --LGND + 100mV I 

VOllT. GAIN· 2 : 
L _________________________________________ ~ 

Figure 8. Single 12V Supply, Bipolar VOlrr with ll-Bits Resolution Around Zero 
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution 
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ORDERING INFORMATION 

PART NUMBER 
INTEGRAL & DIFFERENTIAL 

. NON-LINEARITY 

VREF OUT = 2.25V with Vee = 5V 

ML2340BMj/S H'.! LSB 
ML2340Blj/S 
ML2340BCP/S 
ML2340BCQ/S 
ML2340CMJ/S ±1f2 LSB 
ML2340CIj/S 
ML2340CCP/S 
ML2340CCQ/S 

VREF OUT = 2.50V with Vee = 5V 

ML23S0BMj/S ±1f4 LSB 
ML23S0Blj/S 
ML23S0BCP/S 
ML23S0BCQ/S 
ML23S0CMj/S ±V2 LSB 
ML23S0Clj/S 
ML23S0CCP/S 
ML23S0CCQ/S 

VREF OUT = 4.50V with Vee = 12V 

ML2340BMj/12 ±1f4 LSB 
ML2340Blj/12 
ML2340BCP 112 
ML2340BCQ/12 
ML2340CMj/12 ±V2 LSB 
ML2340Clj/12 
ML2340CCP 112 
ML2340CCQ/12 

VREF OUT = 500V with Vee = 12V 

ML23S0BMj/12 ±1f.! LSB 
ML23S0Blj/12 
Ml23S0BCP 112 
ML23S0BCQ/12 
ML23S0CMj/12 ±1f2 LSB 
ML23S0Clj/12 
ML23S0CCP 112 
ML23S0CCQ/12 

TEMPERATURE 
RANGE 

-SS·C to +12S·C 
-40·C to +8S·C 
O·C to +70·C 
O·C to +70·C 
-SS·C to +12S·C 
-40·C to +8S·C 
O·C to +70·C 
O·C to +70·C 

-SS·C to +12S·C 
-40·C to +8S·C 
O·C to + 70·C·· 
O·C to +70°C 
-SS·C to +12S·C 
-40·C to +8S·C 
O·C to +70·C 
O·C to +70·C 

-SS·C to +12S·C 
-40·C to +8S·C 
O·C to +70·C 
O·C to +70·C 
-SS·C to +12S·C 
-40·C to +8S·C 
O·C to +70·C 
O·C to +70·C 

-SS·C to +12S·C 
-40·C to +8S·C 
O·C to +70·C 
O·C to +70·C 
-SS·C to +12S·C 
-40·C to +8S·C 
O·C to +70·C 
O·C to +70·C 
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PACKAGE 

HERMETIC DIP (J18) 
HERMETIC DIP (J18) 
MOLDED DIP (P18) 
MOLDED PCC (Q18) 
HERMETIC DIP (J18) 
HERMETIC DIP (J18) 
MOLDED DIP (P18) 
MOLDED PCC (Q18) 

HERMETIC DIP (J18) 
HERMETIC DIP (J18) 
MOLDED DIP (P18) 
MOLDED PCC (Q18) 
HERMETIC DIP (j18) 
HERMETIC DIP ()18) 
MOLDED DIP (P18) 
MOLDED PCC (Q18) I 
HERMETIC DIP (J18) 
HERMETIC DIP (J18) 
MOLDED DIP (P18) 
MOLDED PCC (Q18) 
HERMETIC DIP ()18) 
HERMETIC DIP (J18) 
MOLDED DIP (P18) 
MOLDED PCC (Q18) 

HERMETIC DIP (J18) 
HERMETIC DIP (J18) 
MOLDED DIP (P18) 
MOLDED PCC (Q18) 
HERMETIC DIP (J18) 
HERMETIC DIP (J18) 
MOLDED DIP (P18) 
MOLDED PCC (Q18) 
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. PRELIMINARY 

:Mt2341, ML2351 

Single Supply, Programmable 
8-Bit Df A Converters 

GENE.RAl DESCRIPTIoN 
The Ml2341 . arid Ml2351 are CMOS volt~ge output, 
8-bit D/A converters with an internal voltage reference 
and a /lP interface. These devices are designed to be 
powered by a. single supply, althoughtiley can be 
powered from dual power supplies. Tl:Je output voltage 
swings above zero scale (Vzs) in the unipolar mode or 
around. zero scale (Vzs) in the bipolar mode, both with 
programmable gain. Vzs can be set to any voltage 
from AGND to 2.25V below Vee. The digital and 
an'alogground~, DGND and AGND, .are totally 
independent of each other. DGND' can be set to any 
voltage from AGND to 4.5V below Vee for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the 
Ml2341 and Ml2351 makes them ideal for a wide 
range of .applications in hard disk drives, automotive, 
telecom,andava'rietyof general purpose industrial. 
Onespecific'mtended application is tontrolling a hard 
disk voice coil. . 

The Ml2341 provides a 2.25V or 4.50V reference 
output for use with AID converters that use a single 
5V ± 10% power supply, while the Ml2351 provides a 
2.50V or 5.00V reference output. ' . 

BLOCK, DIAGRAM 

vzs Vee AGNO 

vREFour8 
f f f 

VREFIN 

8·BllO/A YOUT 

FEATURES 
• Programmable output voltage gain settings of.2, 1, 

V2, 1/.1 provide 8-, 9-, 10-, or ll-bit effective 
resolution around zero 

• AGNDto Vee output voltage swing 
• Bipolar or unipolar output voltage 
• 4.5V to 13.2V single supply or ±2.2SV to ±6.5V 

dual-supply operation 
• Single-and double-buffered, edge-triggered 

interface with 30ns write time, Ons hold time 
• Voltage reference output 

M12341 ......... "' . . . . . . . . . . . . . . . . . .. 2.2SV or 4.50V 
M123S1 ...........................•.. 2.50V or S.OOV 

• Nonlinearity ..................... ±1.4 tSBor H'21SB 
• Output voltage settling time over temperature and 

supply voltage tolerance . 
Within lV of Vecand AGND .. .•...... 2.5ps max 
Within,100mV of Vee and AGND ....... S/lS max 

• TTL and CMOS compatible digital inputs . 
• Low supply current (VREF :::; 2.SV) ........ ,smA max 
.20-pin DIPor PCC 
• Operating temperature range .. 'of O°C to +70°C, 

-4()0C to +85°C, and -55°Cto +125°C 

PIN CONNEOIONS 
ML2341 
ML2351 

20-Pin DIP 

TOPYIEW 

VREFOUT 

GAIN 1 

GAIN 0 vzs 
Cs 

AGND 
WR 

DGND 
XFER 

DUO 
DB7 

OBI 
OB6 

DBS 

DB4 

ML2341 
ML2351 

20~Pin PCC 

Vee VREFOUT 

YOUT I VREFIN I GAIN 1 

J 2 1 20 

9 10 11 12 

D821 DB4 1 DBG 

DBJ DBS 

TOPYIEW 

GAIN 0 

Cs 

WR 

XFER 

DB7 
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PIN DESCRIPTION 
PIN l* NAME FUNCTION, 

VREF IN Voltage reference input. VREF IN is 
referenced to AGND. 

2 Vee Positive supply. 

3 VOUT Voltage output of the D/A 
converter. VOUT is referenced to 
Vzs· 

4 Vzs Zero Scale Voltage. VOUT is 
referenced to Vzs. Vzs is normally 
tied to AGND in the unipolar 
mode or to mid-supply in the 
bipolar mode. When the device is 
operated from a single power 
supply, Vzs has a maximum 
current requirement of -300pA in 
the bipolar mode. 

5 AGND Analog ground. 

6 DGND Digital ground. This is the ground 
reference level for all digital 
inputs. The range is AGND < (Vee 
- 4.5V). DGND is normally tied to 
system ground. 

7 DBD Data input - Bit 0 (lSB). 

8 DB1 Data input - Bit 1. 

9 DB2 Data input - Bit 2. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage Vee with Respect to AGND ............ 14.2V 
DGND .................................. -O.3V to Vee + O.3V 
VZ5, VREF IN .............................. -O.3V to Vee + O.3V 
Logic Inputs ............................. -O.3V to Vee + O.3V 
Input Current per Pin (Note 2) ...................... ±25mA 
Storage Temperature ........................ -65°C to +150°C 
Package Dissipation at TA = 25°C (Board Mount) ..... 875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-in-Line Package (Plastic) ........................ 260°C 
Dual-In-Line Package (Ceramic) ..................... 300°C 
Molded Chip Carrier Package 

Vapor Phase (60 sec.) ............................. 215°C 
Infrared (15 sec.) .................................. 220°C 

ML2341, ML2351 

PIN l* NAME FUNCTION 

10 DB3 Data input - Bit 3. 

11 DB4 Data input - Bit 4. 

12 DB5 Data input - Bit 5. 

13 DB6 Data input - Bit 6. 

14 DB7 Data input - Bit 7 (MSB). 

15 XFER Transfer enable input. In the 
double buffered mode of 
operation, the data in the input 
latch is transferred to the D/A 
converter at the high level of XFER. 

16 WR Write enable input. While CS is 
low, data inputs are latched into 
thEU!!put latch on the rising edge 
ofWR. 

17 CS Chip .select input. Active low input 
which enables latchin&.l!! the data 
on the rising edge of WR. 

18 GAIN 0 Digital gain setting input O. 

19 GAIN 1 Digital gain setting input 1. 

20 VREF OUT Voltage reference output. 
VREF OUT is referenced to AGND. 
VREF OUT is set to 2.5V and 5.0V in 
a low-voltage and high-voltage· 
operation, respectively for the 
Ml2351; 2.25V and 4.5V for the 
Ml2341. 

OPERATING CONDITIONS 
(Note 1) 

Supply Voltage, Vee ...................... 4.5VDe to n.2VDe 
Temperature Range (Note 3) .............. T MIN :5 T A :5 T MAX 

Ml2341 BMj, ML2341CMj 
ML2351BMj, Ml2351CMj ................. -55°C to +125°C 
ML2341 BI), ML2341C1j 
ML2351 Blj, ML2351Clj ............ . . . . . . . .. -40°C to +85°C 
ML2341BCQ, Ml2341CCQ 
ML2351 BCQ, Ml2351CCQ 
ML2341BCP, ML2341CCP 
ML2351BCP, Ml2351CCP ..................... 'O°C to +70°C 
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ELECTRICAL CHARACTERISTICS 
Unless oth~lWise.specified, TA =TMIN to TMAXr Vee - AGND = 5V ± 10% and 12V± 10% (Note 9), 
VREFIN for Ml2341= 2.25V and 4.50V, for Ml2351 YREF IN = 2.50V and 5.00\1, VOUT load is Rl = 1K and Cl = 100pF, , 
VREF load is Rl = 1 K andCL = 100pF and input eontrol signals with tR = tF,:::; ,2{)ns. 

ML2341XIX, ML2341XMX 
ML2341Xcx, ML2351XCX , ML2351XIX, ML2351XMX 

PARAMETER NOTES CONDITIONS MIN 1 (N:: 4) 1 MAX 'I lYP 1 MIN (Note 4) MAX UNITS 

Converter and Programmable Gain Amplifier , , , 
Converter Resolution 5 8 8 Bits 

Integral Linearity Error 5 GAIN = 2, 1, '12, or V. 
ML2341Bxx, Ml2351BXX ±'A ±'14 LSB 
Ml2341Cxx, Ml2351CXX ±'12 ±'12 LSB 

Differential. Linearity, Error 5 GAIN = 2, 1, ,'12, or 'I, 
ML2341BXX, ML2351BXX ±'14 ±'A LSB 
ML2341Cxx, ML2351CXX ±'12 ±'12 LSB 

Mode Select 5 Vzs with respect to AGND 
Unipolar Output 0 1.0 0 1.0 V 
Bipolar Output 1.50 Vec-2.25 1.50 Vee-2.25 V 

Offset Error 5 Figure 1 
Unipolar Mode GAIN = '14, '/2,,1 ±10 ±12 mV 

. GAIN = 2 ±20 ±24 mV 

Bipolar Mode 5 Figure 1 
GAIN = 'A, '12, 1, 2 ±10 plus ±10 plus mV 

±2'12 LSB ±2'12 LSB 

Gain Error 5 Figure 1 
Unipolar Mode GAIN = '14, '12, 1, 2 ±.5 ±2 ±.5 ±2.5 %FS 
Bipolar Mode ' GAIN = 'A, '12, 1, 2 ±.5 ±2 ±.5 ±2.5 %FS 

Reference 

V REF OUT Voltage 5 
ML2341 BXX/5 Vee = 5.0V TA = 25°C 2.23 2.25 2.27 2.23 2.25 2.27 V 

TMIN to TMAX 2.22 2.28 2.18 2.'32 V 

ML2341CXX/5 
'. 

Vee = 5.~V TA ;; 25°C 2.22 2.25 ' 2.29 2.22 2.25 ' 2.28 ,V 
TMIN to TMAX 2.20 2.30 2.18 2.32 V 

ML2351 BXX/5 5 Vee = 5.0V TA = 25°C 2.48 2.50 2.52 2.48 2.50 2.52 V 
T~IN to TMAX 2.47 2.53 2.43 2.57 V 

ML2351CXX/5 Vee = 5.0V TA = 25°C 2.45 2.50 2.55 2.46 2.50 2.55 V 
TMIN to TMAX 2.44 2.58 2.42 2.59 V 

ML2341 BXX/12 5 Vee = 12.0V TA = 25°C 4.48 4.50 4.52 4.48 4.50 4.52 V 
" TMIN to TMAX 4.46 4.54 4.43 4.57 V 

ML2341CXXl12 Vc,e = 12.0V TA = 25°C 4.45 4.50 4.:55 4.45 4.50 4.55·· V 
TMIN to TMAX 4.40 4.60 4.35 4.65 V 

ML2351 BXX/12 5 Vee = 12.0V TA ~ 25°C 4.98 5.00 5.02 4.98 5.00 5.02 V 
TMIN to TMAX 4.96 5.04 4.90 5.10 V 

ML2351CXX/12 Vee = 12.0V TA = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 V 
TMIN to TMAX 4.90 5.10 4.85 5:15 V 

Temperature Coefficient 
VREF OUT 50 50 ppm/bC 

VREF Output Current 5 0.75 5 0.75 5 mA 

VREF OUT Power Supply 5 l00mVp_p, 1kHz -40 -60 -40 -60 dB 
Rejection Ratio Sinewave on Vee 
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ML2341, ML2351 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJ(, Vee - AGND = 5V ± 10% and 12V ± 10% (Note 9), 
VREF IN for ML2341 = 2.25V and 4.50Vi for ML2351 VREF IN = 2.50V and 5.00Y, VOUT load is RL = 1K and CL = 100pF, 
VREF load is RL = 1K and CL = 100pF and input control signals with tR = tF :S 20ns. 

ML2341XIX, ML2341XMX 
ML2341Xcx, ML2351XCX ML2351XIX, ML2351XMX 

PARAMETER NOTES CONDITIONS MIN I (N:;: 4) I MAX MIN I (N::: 4) I MAX UNITS 

VREF IN and Vzs 

VREF IN Input Range 5 Vee:5 8.75V AGND+2 Vee-l.75 AGND+2 Vee-l .75 V 
Vee::::: 8.7SV AGND+2 AGND+7 AGND+2 AGND+7 V 

VREF IN DC Input 5 10 10 Mn 
Resistance 

Vzs Voltage Range 5,8 Vee:S 7.0V AGND Vee- AGND Vee- V 
2.25 2.25 

5,8 Vee::::: 8.0V AGND Vee-3.0 AGND Vee-3.0 V 

Analog Output 

VOUT Output Swing 
Unipolar Mode 5,8 Rl = lOOK AGND+ Vee-·OS AGND+ Vee-·05 V 

0.01 0.01 

Rl = lK AGND+ Vee- l .O AGND+ Vee-1.O V 
1.0 1.0 

Bipolar Mode S Rl = lOOK AGND+ Vee-OJ AGND+ Vee-OJ V 
0.1 0.1 

Rl = lK AGND+ Vee-1.0 AGND+ Vee-1.0 V 
1.0 1.0 

VOUT Output Current S AGND+lV<VOUT<Vee- lV -10 +10 -10 +10 mA 

Power Supply l00mVp_p, 1kHz -60 -60 dB 
Rejection Ratio sinewave on Vee 

Digital and DC 

VIN(O) Logical "0" 5 0.8 0.8 V 
Input Voltage 

VIN(1) Logical "1" 5 2.0 2.0 V 
Input Voltage 

IIN(O) Logical "0" 5 VIN = DGND -1 -1 JiA 
Input Current 

IIN(1) Logical "1" 5 VIN = Vee 1 1 JiA 
Input Current 

Supply Current, 
Bipolar Mode 
lee, Vee Current 5 Vee = 5V ± 10% 5.3 5.3 mA 

IAGND' 
Analog Ground Current -5.0 -5.0 mA 
Ivzs, Vzs Current -90 -300 -90 -300 J1A 
leo Vee Current 5 Vee = 12V ± 10% 9.3 9.3 mA 

IAGND' 
Analog Ground Current -9.0 -9.0 mA 
Ivzs. Vzs Current -90 -300 -90 -300 JiA 
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Mb2341, ML2351 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = T MIN to T MAlV Vcc - AGND = sV ± 10% and 12V ± 10% (Note 9), 
VREF IN for Ml2341 = 2.2sV and 4.50V; for Ml23s1 VREF IN = 2.50V and S.OOY, VOUT load is RL = 1k and CL = 100pF, 
VREF Ibad is RL = 1K and CL = 100pF and input control signals with tR = tF :S 20ns. 

ML2341XIX, ML2341XMX 
ML2341Xcx, ML2351XCX ML2351XIX, ML2351XMX 

PARAMfTER NOTES CONDITIONS MIN I (N-:: 4) I MAX MIN I (N-:: 4) I MAX UNITS 

Digital and DC (Continued) 

Supply Current, 
Unipolar Mode 
leo Vee Current 5 Vee = 5V ± 10% 6.0 6.0 mA 
IAGNIP 
Analog Ground Current -4.3 -4.3 mA 
IVZs. Vzs Current ~1.7 -1.7 mA 

leo Vee Current 5 Vee = 12V ± 10% 11.0 11.0 mA 
IAGNIP 
Analog Ground Current -7.3 -7.3 mA 
IVZs. Vzs Current -3.7 -3.7 mA 

K. Perfonnance 

Settling Time 5 Figure 2, 
tS1 Output Step of AGND + 1V 1.2 2.5 1.2 3.0 f.lS 

to Vee - 1\/, RL = lK 

tS2 Output Step of 2.5 5 2.5 6 f.lS 
AGND + 100mV to 
Vee-100m\/, RL = lOOK 

tS3 Output Step of ±1 LSB 1 1 f.lS 

ts"" Gain Change Change of Any Gain Setting 1.1 2.5 1.1 3 f.lS 

tWRi WR Pulse Width 5 Figure 3 40 40 ns 

tXFERi XFER Pulse Width 5 Figure 3 60 60 ns 

txw, WRt to XFERI 6 Figure 3 30 30 ns 

tDBS. DBO-DB7 5 Figure 3 40 45 ns 
Setup Time 

tDBH, DBO-DB7 5 Figure 3 0 0 ns 
Hold Time 

tess. CS Setup Time 5 Figure 3 50 50 ns 

tesH, CS Hold Time 5 Figure 3 0 0 ns 

tRESET, Power-On 6 16 16 f.lS 
Reset Time 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to analog ground. 

Note 2: When the voltage at any pin exceeds the power supply rails (V,N < AGND or Y,N > Ved the absolute value of current at that pin 
should be limited to 2SmA or less. 

Note 3: ~SS'C to +12S'C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40'C 
to +8S'C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst~case test conditions. 

Note 4: Typicals are parametric norm at 2S'C. 
Note 5: Parameter guaranteed and 100% production tested. 
Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Supply current and analog ground cyrrent are specified with the digital inputs stable and no load on VOUT• 

Note 8: In unipolar operation with Vzs and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND 
should be avoided. 

Note 9: ML2341XXX/S and ML23S1XXX/S are tested for SV operation only and ML2341XXX/12 and ML23S1XXX/12 are tested for 12V operation. 
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Ml2341, Ml2351 

cs-_______ ~ d 
WR _____ '_c_ss_i_+--,Vrl-__ Ic_S_H _____ _ 

~ ~R~ 
080-087----------1 VAlin nAiA \------- ----

'" I ., 

l.....-tDBS--.l /-4---tDBH 

XFER TIED TO LOGIC "1" 

Figure 3a. Single Buffered Mode 

CS~'--__ / 

WR "-to-----~ ti 
XFER ~ t::= 

080-0B7 ___ -<r-VA-L-ID-O-A-rA---r Ix"R 

Figure 3b. Double Buffered Mode 

1.0 FUNCTIONAL DESCRIPTION 

1.1 D/A CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between VREF IN and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 

in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
VREF IN range. 

.-____ .-____ ~----~----~----~---------------Vcc 

"--+--*'--+--.+---t-..... ---1t-..... -----1----...... --------- OACOUT 

"-____ *'-____ .+-____ ..... ____ ..... ______ ........ _____________ OACOUT 

Figure 4. D/A Converter Implementation 
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1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2341 and ML2351 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from ±2.25V to ±6.6V. 

The internal digital and analog circuitry is powered 
between Vee and AGND. The range of DGND is 
AGND :s; DGND :s; Vee - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TTL 
logic level). The. range of Vzs is AGND :s; Vzs :s; 
(Vee - 2.25V). 

1.3 UNIPOLAR AND BIPOLAR OUTPUT VOUAGE 
SWING 

The ML2341 and ML2351 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs is ideally the 
voltage that will be produced at the DAC voltage 
output when the digital input data is set to all "O's': 
Unipolar mode is selected when Vzs is lower than 1.00 
volt, and bipolar mode is selected when Vzs is greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, VOUT swings above Vzs. Ideally 
the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
VFS x 255/256, where VFS is the full-scale voltage 
determined by VREF IN and the gain setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, VOUT swings around Vzs. The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of Vzs; 
the 10000000 code results in an output voltage of (Vzs 
- VFS); and the 01111111 results in an output voltage of 
(Vzs + VFS 127/128), where VFS is the full scale output 
voltage determined by VREF IN and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SmlNG 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN 0 and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 

Unipolar Output Voltage Mode 

Voltage Output Swing 
GAIN 1 GAIN 0 GAIN Relative to Vzs 

0 0 1J4 VREF IN x 1/4 

0 1 112 VREF IN x 112 

1 0 1 VREF IN x 1 

1 1 2 VREF IN x 2 

ML2341, ML2351 

Bipolar Output Voltage Mode 

GAIN 1 GAIN 0 GAIN Voltage Outputp_p 

0 0 1/4 ±VREF IN x 118 

0 1 112 ±VREF IN x 1J4 

1 0 1 ±VREF IN x 112 

1 1 2 ±VREF IN x 1 

The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least lV from 
either Vee or AGND. As the output voltage approaches 
Vee or AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within 10mV of AGND and up to within 
40mV of Vee with a lOOK load at VOUT to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2341 and ML2351. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2341 and 2.50 volts on the 
ML2351 is selected when the supply voltage is less than 
approximately 7.50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between 7.0 and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than 5mA of current and sink more than lmA of 
current. With VREF IN connected to VREF OUT, the 
following output voltage ranges of the DAC are 
obtained: 

ML2341 

V REF = 2.25V with VREF = 4.5V with 

Gain Vcc:S 7.0V Vcc::::: 8.0V 

Setting Unipolar Bipolar Unipolar Bipolar 

'/.0 o to O.562V --{).281V to o to 1.125V -0.562V to 
+O.281V +O.562V 

1/2 o to 1.125V -0.562V to o to 2.250V -1.125V to 
+O.562V +1.125V 

1 o to 2.250V -1.125V to o to 4.500V -2.2S0V to 
+1.125V +2.250V 

2 o to 4.500V -2.250V to o to 9.000V -4.500V to 
+2.2S0V +4.500V 
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ML2341, ML2351 

ML2351 

V REF = 2.S0V with V REF = S.OOV with 

Gain Vcc ~ 7.0V Vcc;::: S.OV 

Setting Unipolar Bipolar Unipolar Bipolar 

% o to O.625V -O.3i25V to o to 1.25V -O.625V to 
+O.3125V +O.625V 

'h o to i.250V -O.6250V to o to 2.50V -i.250V to 
+O.62S0V +1.250V 

1 o to 2.S00V -1.2S0OV to o,to S.OOV -2.500V to 
+i.2500V +2.500V 

2 o to 5.000V -2.5000V to o to i0.00V -5.000V to 
+2.S000V +5.000V 

An external reference can aiternatively be used on 
VREF IN to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V <ind no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the device consists of a chip 
select input, CS, a write input, WR, a transfer input, 
XFER and eight data inputs, DBO through DBZ The 
digital interface operates in one of the two modes: 

1.6.1 Single-Buffered Mode 

To use the ML2341 and ML2351 in the single-buffered 
mode,tie XFER to 10gic"1". This will put the D/A latch 
in the transRarent mode and the rising edge of WR at 
low level of CS will latch the data on DBO-DB7 into the 
input latch as well as update the D/A output voltage. 

1.6.2 Double-Buffered Mode 

To use the devices in the double-buffered mode, timing 
information is applied to WR as well as XFER inputs. 
The rising edge of WR at low level of CS will latch the 
data on DBO-DB7 into the input latch. The D/A output 
voltage will not be updated, however, until XFER is 
brought to a high level, which transfers the data from 
input latch to D/A latch. Note that the D/A latch is a 
transparent latch controlled by the level, not edge, of 
the XFER input, any write operation to the input latch 
while XFER is still at a high level results in the' 
immediate update of th~ D/A output voltage. 

1.7 POWER-ON-RESET' 

The ML2341 and ML2351 have an internal power-on
reset circuit to initialize the device when power is first 
applied to the device. The power-an-reset interval of 
typically 8ps begins when the supply voltage, Vee 
reaches approximately 2.0V. During the power-an-reset 
interval, both the input and data latch are reset to all 
"O's". 
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2.0 TYPICAL APPLICATIONS 
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Figure S. Using 4.S0V Reference of D/A for Reference of AID Using Single SV Vee ± 10% 
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2.0 TYPICAL APPLICATIONS (Continued) 
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Figure 8. Single 12V Supply, Bipolar Your with 11-Bits Resolution Around Zero 
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ORDERING INFORMATION 

PART NUMBER 
INTEGRAL & DIFFERENTIAL 

NON-LINEARITY 

VREF OUT = 2.25V with Vee = 5V 

ML2341 BMj/5 Ht.tLSB 
ML2341BIJ/5 
ML2341 BCP 15 
ML2341 BCQ/5 
ML2341CMj/5 ±V2 LSB 
ML2341Clj/5 
ML2341CCP/5 
ML2341CCQ/5 

VREF OUT = 2.50V with Vee = 5V 

ML2351 BMj/5 ±1,4 LSB 
ML2351BIj/5 
ML2351 BCP/5 
ML2351 BCQ/5 
ML2351CMj/5 ±V2 LSB 
ML2351Clj/5 
ML2351CCP/5 
ML2351CCQ/5 

V REF OUT = 4.50V with Vee = 12V 

ML2341BMj/12 ±1,4 LSB 
ML2341 Blj/12 
ML2341 BCP 112 
ML2341 BCQ/12 
ML2341CMjl12 ±V2 LSB 
ML2341Clj/12 
ML2341CCP 112 
ML2341 CCQ/12 

VREF OUT = 5.00V With Vee = 12V 

ML2351BMj/12 ±1,4 LSB 
ML2351Blj/12 
ML2351 BCP 112 
ML2351 BCQ/12 
ML2351CMj/12 ±V2 LSB 
ML2351C1j/12 
M12351CCP 112 
ML2351CCQ/12 

TEMPERATURE 
RANGE 

-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 
-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 
-55°C to +125°C 
-40°C to+85°C 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 
-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 
-55°C to +125°C 
-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 

'Micro Linear 
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PACKAGE 

HERMETIC DIP (J20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
HERMETIC DIP (J20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 

HERMETIC DIP (J20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
HERMETIC DIP (J20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 

HERMETIC DIP (J20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
HERMETIC DIP (J20) 
HERMETIC DIP (j20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 

HERMETIC DIP (j20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
HERMETIC DIP (J20) 
HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
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GENJ;RAliJESCRI PTION 

The ML23i7is a complete analog I/O peripheral front
end'for DSP based control system. It contains a high
speed 1 O-bit ND converter, a two channel simultaneous 
samplelhold circuit, a 6 channel input multiplexer, a 10-
bitD/A converter anda 8-bitD/A converter. 

The two channel simultaneous sample/hold in 
conjunction with the multiple channel multiplexer 
provided on-chip is, especially well suited .for disk drive 
applications, where minimum skew positional channel 
conversion and flexible calibration sensing functions are 
desirable. i 

Both input and output channel voltages are referenced to 
floating common points provided by the deviCe. An 
additional common point is also available in the ND 
input for flexibility. Bipolar conversion of ±2 volts around 
the, floating point is provided by the chip. 

Channel multiplexing and common referencing control 
are provide on-chip Via its easy to use microprocessing 
port. In addition, external control of the conversion start 
and MUX addressing is also available for theML2377. 

The ML2375 is a 4 channel version of the ML2377. 

BLOCK DIAGRAM ML2375 

AGND VZ/VREF 

4-<:HANNEl 
INPUT 
MUX. 

VOUT10 0----< 

VOUTO 0----< 

10-BIT 
D/A 

8-01T 
D/A 

I 
2-CHANNEl 

SIMUl
TANEOUS 

S/H 

10-BIT 
AID 

July 1992 
PRELIMINARY 
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" DSP Analog I/O Peripheral 

FEATURES 

• 1 O-bit bipolar ND resolution 

• lO-bit bipolar and 8-bit bipolar D/A resolution 

• 2f.1s ND ,conversion time 

• 2f.1s D/A settling time (ILSB, 4f.1s full scaie) 

• 2 channel simultaneous S/H 

• 6 bipolar input channels 

• ND and D/A converters have no missing codes 

• Inputs and outputs have floating commons 

• ±2 volt input/output range with 2.5V reference 

• Extra floating common input for ND, 

• Programmable input MUX and common 

• TMS320C14 compatible microprocessor interface 

• 'Single 5 volt power supply 

• External conversion start and MUX control (ML2377) 

• Additional package and bond-out options available 

10-BIT D/A 
REGISTER 

6-BIT D/A 
REGISTER 

VCC DGND 

I I 
ClK 
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lO-BIT 
DATA BUS 
BUFFERS 
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CONTROL 

AND 
TIMING 

DO 
Df 
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D3 
D4 
D5 
D6 
D7 

D6 
D9 

Cs 
WR 

RD 

AO 

A1 

START 

RESET ' 
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BLOCK DIAGRAM ML2377 

MUXI MUX2 
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VZDA10 0---------' 

VOUT80----( 8-BIT 
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VZOA8 0-------' 

VR8 0---------' 
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PIN CONNECTION 
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o 
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00 
01 
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03 
04 
05 
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AO 
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RESET 

28-Pin SSOP (R28) 

AO 28 00 

Cs 27 Al 
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iID 25 02 

ClK 2. 03 
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PIN DESCRIPTION 

NAME 

VZA02 

VZADl 

VZOA10 

VZoAa 

START 

RESET 

MUXO 

MUX1 

MUX2 

V,NS-O 

AGND 

VRAO 

VRa 

VRlO 

FUNCTION 

Programm'able input common 

Default ND input common. 

10-bit D/A common. 

S-bit D/A common. 

Active low inputstarts ND converter. 

Active low resets the Ie. 

Multiplexer address bit O. 

Multiplexer address bit 1. 

Multiplexer address bit 2. 

Analog input channels S through o. 
Analog ground. 

'Voltage reference input for establishing 
± full scale for the ND converter. 
± full scale value is O.S of the voltage 
on VRAD, referenced to AGND. 

± full scale value for the Scbit D/A 
converter is O.S of the voltage reference 
input on VRa, referenced to AGND. 

± full scale value for the 10-bit D/A 
converter is 0.8 of the voltage reference 
input on VR10, referenced to AGND. 

NAME 

D9-DO 

DVCC 

AVCC 

DGND 

A1 

FUNCTION 

Voltage output ofthe, 8-bit D/A converter. 

Voltage output of,the1 O-bit D/A 
converter. 

Data I/O bit 9 through O. 

Digital power supply. +S volts ±S%. 

Analog power supply. +Svolts :tS%. 

Digital ground. 

Register address 1. ' 

AO Register address O. 

BUSY Active high output indicates that an ND 
conversion is in progress. 

INT Active high output indicating ND 
conversion complete. 

CS Active low chip select input. 

WR Write input, active low. 

RD Read input, active low 

ClK Clock input. Clo'ckcan be generated by 
tying a crystal from this pin toDGND or 
applying a clock directly to pin. 

Note: ALE (Address Latch Enable) for dernultiplexing address and data 
information can be made available on request. Consult Micro Linear.for 
more information. 
Other pin-out options of the ML2377 are available on request. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (AVcc and DVcd ............................. 6.0V 
Maximum Voltage Between AGND and DGND ............ 1 V 
Maximum Voltage Between AVcc and DVcc ................. 0.3V 
Input Current per Pin ............................................. ±25mA 
Package Dissipation @ 25°C ........................................ 1 W 
Lead Temperature (Soldering, 10 sec) ...................... 300°C 

ElECTRICAL CHARACTERISTICS 

ML2375, ML2377 

OPERATING CONDITIONS 
Temperature Range ....................................... O°C to +70°C 
Supply Voltage (AVcc and DVcd ......... .4.5Voc to 6.0Voc 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation in not implied. 

The following specifications apply for AVcc = DVcc = +5V ±5%, AGND = DGND = OV, TA = Operating Temperature 
Range VZAOl = VZA02 = VZOA10 = VZOAS = VRAO = VRs = VRlO = 2.5V, TA = T MIN to T MAX unless otherwise specified, 
CL = 50pF for all digital outputs, VouT8 and VouT1 0 load is RL = 1 K and CL = 100pF, and input control signals with 
tR = tF 20ns, fCLK = 11 MHz. 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

AID Converter, S/H and Multiplexer Performance 

Integral Linearity Error ±3 LSB 

Differential Linearity Error ±1 LSB 

Converter Resolution VREF = 2.5V 10 Bits 

Zero Error VZ = 2.SV ±3 LSB 

Positive and 
Negative Full Scale Error VREF = 2.SV ±3 LSB 

Input Voltage Range 0 Vcc V 

DC Common Mode Error VZ = 2V, Vcc- 2V ±1/4 LSB 

AC Common Mode Error o to 250kHz TBD LSB 

AC Power Supply Sensitivity 100mVp_p 100kHz Sinewave on Vcc TBD LSB 

VREF Input Resistance 2 4 kn 

Maximum VREF Input Voltage Referred to AGND 2.6 V 

ION On Channel Leakage Current OV < VIN < Vcc -1 1 J.!A 

IOFF Off Channel Leakage Current OV < VIN < Vcc -1 1 ).!A 

CON On Channel 
Input Capacitance OV < VIN < Vcc 20 pF 

COFF Off Channel 
Input Capacitance OV < VIN < Vcc 10 pF 

Clock Duty Cycle 30 70 % 

fCLK Input Clock Frequency 1 11 MHz 

tc Conversion Time Including S/H Acquisition Time 22 l/fcLK 

tACQ Acquisition Time Included in Conversion Time 2 l/fcLK 

SNR Signal to Noise Ratio TBD dB 

THO Total Harmonic Distortion TBD dB 

IMD Intermodulation Distortion TBD dB 
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ELECTRICAL CHARACTERISTICS (continued) 

SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

10·Bit Df A Converter Performance 

Integral linearity Error VREF = 2.SV ±3 LSB 

Differential linearity Error VREF = 2.SV ±1 LSB 

Settling Time VREF = 2V, Settling tq 
±1/2LSB, ±1 LSB Step 2 . Ils 
4V Step 4 ; Ils 

Resolution Vim=2.SV 10 Bits 

Zero Error ±5 LSB 

+ and - Full Scale Error ±1% FS 

Output Voltage Swing VREF = 2.5V 0.25 Vee- 0.25 V 

Power Supply Sensitivity 100mVp_p, 1 kHz Sinewave on Vee TSD dB 

VREF Input Resistance 1 MO 

8·Bit Df A Converter Performance 

Integral linearity Error VREF = 2.SV ±1 LSB 

Differential linearity Error VREF = 2.5V ±1 LSB 

Settling Time VREF = 2V, Settling to 
± 1/2LSB, ±1 LSB Step 2 IlS 
4V Step 4 Ils 

Resolution. VREF = 2.SV 8 Bits 

Zero Error ±3 LSB 

+ and - Full Scale Error ±3 LSB 

Output Voltage Range VREF = 2.SV 0.25 Vee- 0.2S V 

Power Supply Sensitivity 100mVp_p, 1 kHz Sinewave on Vee TBD dB 

VREF Input Resistance 1 MO 

DC Characteristics 

IlL Logic Input Current 0< VIN < Vee, MUXO.2, START, ±100 IlA 
RESET, ALE 

liN Logic Input Current 0< VIN < Vee ±1 IlA 

liNe Clock Input Current 0< VIN < Vee ±200 IlA 

VIH Logic High 2 V 

VIL Logic Low 0.8 V 

V(eLK)H Clock High (CLK Pin) 3.7 V 

V(CLK)L Clock LOW (CLK Pin) 1.8 V 

IOFF Output Leakage Current CS = VIH, 0 < VOUT < Vee ±1 IlA 

VOL Output Low Im= 2mA 0:4 V 

VOH Output High IOH=-lmA 2:4 V 

2-218 'Micro Linear 



Ml2375, Ml2377 

AC ELECTRICAL CHARACTERISTICS 
SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX· UNITS 

Supply Current (VREF = 2.5V, No Output Load) 

No Input Switching 10 20 mA 

Analog Ground Current VREF = 2.5V 10 mA 

Microprocessor Interface Read Cycle Timing 

tST START Pulse Width 100 ns 

tAD Address Stable to Data Valid 55 ns 

tAR Address Stable Before Read 5 ns 

tRA Address Hold After Read 5 ns 

tRR Read Pulse Width 50 ns 

tRD Data Valid from Read 50 ns 

tDF Read to Data Float 20 ns 

tRv Recovery Time 
Between Reads 25 ns 

Microprocessor Interface Write Cycle Timing 

tAW Address Stable Before Write 5 ns 

tWA Address Hold After Write 5 ns 

tww Write Pulse Width 50 ns 

tDS Data Valid Before Write 30 ns 

tDH Data Hold After Write 15 ns 

tRV Recovery Time 
Between Writes 25 ns 

Microprocessor Interface Interrupt and Busy Timing 

tCi Clock to Interrupt Active 50 ns 

tRI Read to Interrupt Inactive 100 ns 

tCB Clock to Busy Active (ML2377 Only) 50 ns 

tCB Clock to Busy Inactive (ML2377 Only) 50 ns 
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OUTPUT 
. CODE POSITIVE FULL-SCALE .. 

(511) 0111111111 • 
(510) 0111111110 
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~ 
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~ 
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/ 

(2) 00 QOOO 0010 / 
(1) 00 0000 0001 ..-r VZ+ V'S 
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(-2) 1111111110 
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Figure 1. Transfer Characteristics 
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_SETTLED TO 
~1/2 LSB 

Figure 3. Settling Time 
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Figure 4. Read Cycle Timing Figure 5, Write Cycle Timing 
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FUNCTIONAL DESCRIPTION 

DEVICE TYPES 

The family consists of two different devices: 

1) The ML2375 
It is a 28 pin device that contains the basic 1 O-bit NO 
converter, 1 O-bit 0/ A converter, 8-bit 0/ A converter 
and a 4 channel multiplexer. 

2) The ML2377 
It is a 6 channel version of ML2375. In addition, the 
BUSY, INT and multiplexer control pins are also 
available to the user. 

ANALOG INPUT AND OUTPUT VOLTAGES 

The ML2375 and ML2377 allow the analog input and 
output voltages to be referenced to a common point. 
Thus, the input voltage swing and the offset of the AOC 
and the output voltage swing and the offset of the OAC 
can be defined by the voltage applied at the commons, 
VZAD1, VZAD2, VZDA10 and VZDA8· 

The voltage at the common for the 1 O-bit O/A converter 
and the 8-bit O/A converter are defined by VZDAlO and 
VZDA8 respectively. For the NO inputs, channel 0 and 1 
common are defi ned by VZAD1" The common of the other 
channels (2 to 5) may be programmed to VZAD2 by setting 
the on-chip control register (see Table 3). 

The peak full scale voltage is defined by the reference 
voltages. ' 

VFS = 0.8 x VREF 

Figure 1 shows the transfer function of the ML2375 and 
ML2377 and the relationship between VZ and VFS. 

A/D CONVERTER OPERATION 

Input Multiplexer Addressing 

The input multiplexer is addressed with either the MUXO 
to MUX2 pins or the internal multiplexer address register. 
The MUXO to MUX2 pins are not latched, and control the 
addressing of the multiplexer directly. If control of the 
multiplexer is to be done from the microprocessor 
addressable mux control register, then all MUX pins 
should be tied to a logic high. This condition, which is an 
illegal mux address, will then route control of the 
multiplexer addressing to the internal register, which is 
under microprocessor control. 

ML2375 multiplexer can only be addressed via its on-chip 
multiplexer register. 

Simultaneous Sample/Hold Function 

The simultaneous sample/hold function is only available 
on channels 0 and 1. When addressing channel 0 or 1 
with the external MUX pins or the internal register bits 
and starting a conversion, both channels will be sampled 
and held simultaneously. Two conversions will then 
proceed back to back, with the BUSY pin and status bit 
going active for two conversion times. The INT pin and 
status bit will go active after the completion of the first 

ML2375, ML2377 

conversion. A read of the data register will then clear the 
INT pin and status bit. After the second conversion is 
completed, the, INT pin and status bit will go active again, 
indicating the need for a read of the second result from 
the data register. If, however, the results of the first register 
are not read after the first conversion and before the 
second conversion, the INT pin and status bit r.emain 
active until the completion of the second conversion. The 
results of the first conversion remain in the data register, 
with the results of the second conversion stored in a 
holding register. After completion of the second 
conversion, which is indicated by the BUSY status bit or 
pin going inactive, both results can be obtained by 
successive reads ofthe data register. The INT pin and 
status bit are then cleared by the act of the second data 
register read. 

D/A CONVERTER OPERATION 

The O/A converters are updated beginning on the rising 
edge of the WR pin. Settling time is measured from this 
point. 

Microprocessor Interface 

The ML2375 is presented as four 1 O-bit registers to the 
microprocessor. These registers are addressed via the 
address pins AO and A 1. The register map below describes 
the four registers. 

Converter Registers 

Table 1. A/D Converter Register 

ADDRESS 00 

D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 

Data Bit 9 8 7 6 5 4 3 2 1 0 

Sign MSB LSB 

Table 2. D/A Converter Register 

ADDRESS 01 

D9 D8 D7 D6 D5' D4 D3 D2 D1 DO 

D/A 10 9 8 7 6 5 4 3 2 1 0 

Sign MSB LSB 

ADDRESS 10 

D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 

D/A8 7 6 5 4 3 2 1 0 

Sign MSB LSB 0 0 
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REGISTER DESCRIPTIONS 

Register Address 00 

This register holds the results of the 1 O-bit ND conversion 
results when read. The converted results are in 2's 
complement form, where 0 is the potential at. the common 
pin. Reading of this register also clearsthe INT status bit . 
and the deasseris,the INT pin on the falling edge of the RO 
pin. 

Register Address 01 

When written, itreceives the 1 O-bit digital vallie for the 
1 O-bit OIA converter. All codes are in 2'5 complement 
form, where the 0 code indicates the potential at the 
VZDA10 or VZ!VREF pin, This register can also be read, 
which returns the previously written value. 

Register Address 1 0 

This register receives the 8-bit digital value for the 8-bit 01 
A converter. This value is also in 2's complement format. 
When read, it returns the previously written lialLie. 8-bit 
data in thislO-bit register is left justified. 

Control Register 

This is the control register. Functions such as NO 
conversion start, multiplexer control,and NO converter 
status are induded: 

Table 3. Control Register 

ADDRESS 11 

D9 D8 D7 

ML2375 0 0 0 

ML2377 VZs VZ4 VZ3 

Figure 6. Interrupt Timing, ML2375, ani! ML2377 
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D6 

0 

VZz 

09 

08 

07 

06 

05 

04 

03 

02 

When VZs'= 1; Chanrtel 5 common = VZA[)2 

When VZ4 = 1, Channel 4 common = VZAD2 

When VZ3 = 1 ,Channel 3 common = VZAD2 

When VZ2 = 1, Channel 2 common = VZAD2 

INT. It i.s equivalent to the INT pin. It provides 
indication that a conversion is completed. 

BUSY. This bit is NO converter status bit'which 
provides indication that a conversion is in 
progress. It is equivalent to.the BUSY pin of the 
ML2377. . 

START. This bit has the same function as the 
START pin. When this.bit receives a 1, .it will start 
a conversion. After the conversion has started, this 
bit is cleared after 4 clock cycles. 

MUX2. MUX address bit 2. 

01 MUX1. MUX address bit 1. 

00 MUXO. MUX address bit o. 
CHIP RESET 

.The chip is reset when a 0 is presented to the RESET pin. 
All registers are reset to o. Therefore, the OIA and the ND 
converters are all at zero scale and the mUltiplexer select 
is addressed to channel o. Additionally, VZ2-VZS are 
cleared in the control register. 

D5 D4 D3 D2 D1 DO 

(NT BUSY START 0 MUXl MUXO 

(NT BUSY START MUX2 MUXl MUXO 

. Figure 7. BUSY Timing, ML2377 
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ORDERING INFORMATION 

PART NUMBER PACKAGE COMMENTS 

ML2375CCP 28-Pin DIP (P28) Multiplex Address and 
ML2375CCQ 28-Pin PCC (Q28) Data Bus 
ML2375CCR 28-Pin SSOP (R28) 

ML2377CCH 44-Pin QFP (H44) Additional Analog Inputs, 
Individual VREF and Vzs 
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Telecom Communications 

Section 3 

Selection Guide ................................................................................................................. . 3-1 

ML2003 Logarithmic Gain/Attenuator .............................................................................. . 3-2 

ML2004 Logarithmic Gain/Attenuator .............................................................................. . 3-2 

ML2008 fJP Compatible Logarithmic Gain/Attenuator ...................................................... . 3-13 

ML2009 fJP Compatible Logarithmic Gain/Attenuator ...................................................... . 3-13 

ML2020 Telephone Line Equalizer ................................................................................... . 3-22 

ML2021 Telephone Line Equalizer ................................................................................... . 3-33 

ML2031 Tone Detector .................................................................................................... . 3-44 

ML2032 Tone Detector .................................................................................................... . 3-44 

ML2035 Programmable Sinewave Generator ................................................................... . 3-52 

ML2036 Programmable Sinewave Generator ................................................................... . 3-52 
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II 
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Selection Guide 

Gain / Attenuators 
Gain Noise Harmonic Power Temperature 

Part Range Resolution (dBrnc Distortion Digital Supplies Range 
Number (dB) (dB Steps) @ Max Gain) (dB) Interface M C I Package 

ML2003 -24 to +24 0.1 0 -60 Serial, ±5 X X 18-pin DIP 
Hard Wire 20-pin PCC 

ML2004 -24 to +24 0.1 0 -60 Serial ±5 X X 14-pin DIP 

ML200B -24 to +24 0.1 0 -60 8-Bit /lP ±5 X X lB-pin DIP 
20-pin PCC 

ML2009 -24 to +24 0.1 0 -60 16-Bit /lP ±5 X X 18-pin DIP 
20-pin PCC 

Equalizers 
Idle 

Frequency Channel Harmonic Power Temperature 
Part Response Noise Distortion Interface Supplies Range 

Number Adjustable (dBrnc) (dB) Comment Interface M C I Package 

ML2020 Slope, 8 -48 60 Hz Serial ±5 X X 16-pin DIP Il 
Height Rejection 18-pin SOIC 
Bandwidth 

ML2021 Slope 8 -48 Group Serial ±5 X X 16-pin DIP 
Height Delay 18-pin SOIC 
Bandwidth Optimized 

Tone Oetectors 
Dynamic 

Detect Range Frequency Power Temperature 
Part Frequency Detect Template Supplies Range 

Number (Hz) (dBm) (Hz) Comment M C I Package 

ML2031 lK to 4K -34 to +6 Detect ±10 Exceed Bell Pub 43004, ±5 X X 8-pin DIP 
No Detect ±36 Clock Outputs of 

CLKIN 72, 78 

ML2032 lK to 4K -34 to +6 Detect ±10 Exceed Bell Pub 43004, ±5 X X 8-pin DIP 
No Detect ±36 Uncommitted Op Amp 

Programmable Sinewave Generators 
Frequency Min Gain Harmonic Power Temperature 

Part Range Resolution Error Distortion Digital Supplies Range 
Number (Hz) (Hz) (dB) (dB) Comment Interface (V) C I Package 

ML2035 DC to 25K ±.75 ±.1 -45 Voltage Serial ±5 X X 8-pin DIP 
Amplitude 
Vccl2 

ML2036 DC to 50K ±.75 ±.1 -45 Adj. Voltage Serial ±5 X X 14-pin DIP 
Amplitude, 16-pin SOIC 
Clock 
Outputs of 
CLKIN 72, 78 

.~Micro Linear 3-1 
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Logarithmic Gain/ Attenuator 
GENERAL DESCRIPTION 
The Ml2003 and Ml2004 are digitally controlled 
logarithmic gain/attenuators with a range of -24 to 
+24dB in O.1dB steps. 

The gain settings are selected by a 9-bit digital word. 
The Ml2003 digital interface is either parallel or serial. 
The Ml2004 is packaged, ina 14-pin DIP with a serial 
interface only .. 

Absolute gain accuracy is O.05dB max over supply 
tolerance of ±10% and temperature range. 

These CMOS logarithmic gain/attenuators are designed 
for a wide variety of applications in telecom, audio, 
sonar, or general purpose function generation. One 
specific intended application is analog telephone lines. 

FEATURES 
• low noise 0 dBrnc max with +24dB gain 
• low harmonic distortion -GOdB max 
• Gain range -24 to +24dB 
• Resolution O.ldB steps 
• Flat frequency response ±.OSdB from .3-4kHz 

±.10dB from .1-20kHz 
• low supply current 4mA max from ±SV supplies 
• TIL/CMOS compatible digital interface .. 
• Ml2003 has pin selectable serial or parallel 

interface; Ml2004 serial interface only . 
• Standard l4-pin or l8-pin 0.3" center DIP or· 20-

pin molded chip carrier package 

BLOCK DIAGRAM , PIN CONNECTIONS 

Vcc PDN A GND Vss GND 

r r r r ., 

C2 
(LATI) o,--t-,--++-it-,--+-+-+-I 

(~~)o,--t-,.........,...,t--t-+-t---1L.-..... ____ ---I 

ATTEN/ 
.GAiN' 

C3 Fl F3 F2 
(SCK) 

NOTE: SERIAL MODE RJNCnoNs INDICATED BY PARENTHESES. 

Vour 

CO 
(LATO) 

FO 
(SOD) 

C3 

(LATI)C2 
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Fl 

LAll 

SID 

LATO 

'oN 

SCK 

NC 

GND 

ML2003 
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lOP VIEW 

ML2004 
14-PIN DIP 

TOP VIEW 
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PIN DESCRIPTION 

NAME FUNCTION NAME FUNCTION 

C3 In serial mode, pin is unused. In parallel F1 In serial mode, pin is unused. In 
mode, coarse gain select bit. Pin has parallel mode, fine gain select bit. Pin 
internal pulldown resistor to GND. has internal pulldown resistor to GND. 

(LATI) C2 In serial mode, input latch clock which GND Digital ground. 0 volts. All digital ·inputs 
loads the data from the shih register and output are referenced to this 
into the latch. In parallel mode, coarse ground. 
gain select bit. Pin has internal SER/PAR Seria!...QL parallel select input. When 
pulldown resistor to GND. SER/PAR = 1A.evice is in serial mode. 

(SID) C1 In serial mode, serial data input that When SER/PAR = 0, device is in parallel 
contains serial 9 bit data word which mode. Pin has internal pullup resistor to 
controls the gain setting. In parallel Vee· 
mode, coarse gain select bit. Pin has (SOD) FO In serial mode, serial output data which 
internal pulldown resistor to GND. is the output of the shih register. In 

(LATO) CO In serial mode, output latch clock which parallel mode, fine gain select bit. Pin 
loads the 9 bit data word back into the has internal pulldown resistor to GND. 
shift register from the latch. I n parallel VIN Analog input. 
mode, coarse gain select bit. Pin has 

AGND Analog ground. 0 volts. Analog input internal pulldown resistor to GND. 
and output are referenced to this 

PDN Powerdown input. When PDN = 1, device ground. 
is in powerdown mode. When PDN = 0, 

Vss Negative supply. -5 volts ±10%. device is in normal operation. Pin has 
internal pulldown resistor to GND. VOUT Analog output. IJ F3 In serial mode, pin is unused. In parallel Vee Positive supply. +5 volts ±10",.{,. 
mode, fine gain select bit. Pin has ATTEN/GAIN In serial mode, pin is unused. In 
internal pulldown resistor to GND. parallel mode, attenuation/gain select 

(SCK) F2 In serial mode, shih register clock bit. Pin has internal pulldown resistor to 
which shihs the serial data on SID into GND. 
the shih register on rising edges and 
out on SOD on falling edges. In parallel 
mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage Temperature Range (Note 2) 
Vee .............................................. -tU.5V Ml2003CP, Ml2004Cp, Ml2004CQ ............ 0"<: to +70"<: 
Vss .............................................. -6.5V Ml20031), Ml2004l) ....................... -40"<: to +85"<: 

AGND with respect to GND ......................... ±.5V Supply Voltage 
Analog Input and Output. .......... Vss - 0.3V to Vee + O.3V Vee ........................................... 4V to 6V 
Digital Inputs and Outputs ........ GND - O.3V to Vee + 0.3V Vss ......................................... -4V to -6V 
Input Current Per Pin ............................. ±25mA 
Power Dissipation ................................. 750mW 
Storage Temperature Range ................ -65"<: to +150"<: 
lead Temperature (soldering, 10 sec) ................. 300°C 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = TMIN to TMAJ(, Vee = 5V ±10%, Vss = -5V ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = 0 (OdB Ideal Gain), Cl = 100pF, RL = GOOn, SCK = LATI = LATO = 0, dBm measurements use GOOn as 
reference load, digital timing measured at 1.4Y. 

SYMB.OL PARAMmR CONDITIONS UNITS 
Analog 

AG Absolute gain accuracy 4 VIN = 8dBm, 1kHz -0.05 -+0.05 dB 

RG Relative gain accuracy 4 1()()()()()()()1 -.05 +.05 dB 
0()()()()()()() -.05 +.05 dB 
0()()()()()()()1 -.05 +.05 dB 
All other gain settings -0.1 -+0.1 dB 
All values referenced to 10()()()()()()() gain 
when ATTEN/GAIN = 1, VIN = 8dBm 
when ATTEN/GAIN = 0, 
VIN = (8dBm - Ideal Gain) in dB 

FR Frequency response 4 300-4000Hz -0.05 -+0.05 dB 
100--20,000 Hz -0.1 -+0.1 dB 
Relative to 1kHz 

VOS Output Offset Voltage 4 VIN = 0, +24dB gain ±100 mV 

ICN Idle Channel Noise 4 VIN = 0, +24dB gain, C msg. Weighted -6 0 dBrnc 
5 VIN = 0, +24dB gain, 1kHz 450 900 nv/y'HZ 

HD Harmonic Distortion 4 VIN = 8dBm, 1kH2; -60 dB 
Measure 2nd, 3rd .harmonic relative 
to fundamental 

SD Signal to Distortion 4 VIN = 8dBm, 1kHz. +60 dB 
C msg. weighted 

PSRR Power Supply Rejection 4 2OOmVp_p, 1kHz sine, VIN = 0 
on Vee -60 -40 dB 
on Vss -60 -40 dB 

liN Input Impedance, VIN 4 1 Meg 

VINR Input Voltage Range 4 ±3.0 V 

Vosw Output Voltage Swing 4 ±3.0 V 

Digital and DC 
VIL Digital Input Low Voltage 4 .8 V 

VIH Digital Input High Voltage 4 2.0 V 

VOl Digital Output Low Voltage 4 1m = 2mA .4 V 

VOH Digital Output High Voltage 4 IOH = -1mA 4.0 V 

INS Input Current, SER/PAR 4 VIH = GND -5 -100 fJA 

INO Input Current; All Qigjtal 4 VIH = Vee 5 100 fJA 
Inputs Except SERIPAR 

lee Vee Supply Current 4 No output load, VIL = GND, 4 mA 
VIH =. Vee, VIN = 0 

Iss Vss Supply Current 4 No output load, VIL = GND, -4 rnA 
VIH = Vee, VIN = 0 

lecp Vee Supply Current, 4 No output load, VIL = GND, .5 mA 
Powerdown Mode VIH = Vee 

Issp Vss Supply Current 4 No output load, VIL = GND, -.1 inA 
Powerdown Mode VIH = Vee 

3-4 'Micro Linear 
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ELECTRICAL CHARACTERISTICS (Continued) _ 
Unless otherwise specified TA = TMIN to TMAX, Vee = 5V ±10%, Vss = -5V ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = 0 (OdB Ideal Gain), Cl = loopF, Rl = 6000, SCK = LATI = LATa = 0, dBm measurements use 6000 as 
reference load, digital timing measured at lAV. Cl = loopF or SOD. 

SYMBOL PARAMETER CONDITIONS UNITS 

AC Characteristics 

tSET YOUT Settling Time 4 YIN = 0.185Y. Change gain from -24 to 20 /lS 
+24dB. Measure from LATI rising edge 
to when YOUT settles to within 0.05dB 
of final value. 

tSTEP YOUT Step Response 4 Gain = +24dB. YIN = -0.185Y to +O.185Y 20 /lS 
step. Measured when YOUT settles to 
within 0.05dB of final value. 

tSCK SCK On/Off Period 4 250 ns 

ts SID Data Setup Time 4 50 ns 

tH SID Data Hold Time 4 50 ns 

tD SOD Data Delay 4 0 125 ns 

tlPW LATI Pulse Width 4 50 ns 

topw LATa Pulse Width 4 50 ns 

tiS, tos LATI, LATO Setup Time 4 50 ns 

tlH, tOH LATI, LATO Hold Time 5 50 ns 

tpLD SOD Parallel Load Delay 4 0 125 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 
otherwise specified are measured with respect to ground. 

Note 2: O°C to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. parameters not 100% tested are not in outgoing quality level calculation. 

TIMING DIAGRAM 

SCK 

SID 

SOD 

SCK 

LAT! 

LATa 

--------------------------~ 

SOD 

TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT. 

Figure 1. Serial Mode Timing Diagram 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES (Continued) 

80 

J'N=lkH~ 
70 
~ L ...... ........... 

............ 

"-
............ V,N - 20kHz 

\ 

60 

50 

\ 
"r---.. V,N = 50kHz 

40 

30 

20 
ATTEN: V,N = 2VRMS 
GAIN: V,N = 2VRMs/GAIN SIDING 

10 
-24 -18 -12 -6 0 12 18 24 

GAIN SETTING (dB) 

Figure 8. SIN + D vs Gain SeHing (V1Nf\'OUT = 2VRMS) 

1.0 FUNCTIONAL DESCRIPTION 
The Ml2003 consists of a coarse gain stage, a fine gain 
stage, an output buffer, and a serial/parallel digital 
interface. 

1.1 Gain Stages 

The analog input, VIN, goes directly into the op amp 
input in the coarse gain stage. The coarse gain stage 
has a gain range of 0 to 22.5dB in 1.SdB steps. 

The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of 0 to 1.5dB in 
0.1 d B steps. 

In addition, both sections can be programmed for 
either gain or attenuation, thus doubling the effective 
gain range. 

The logarithmic steps in each gain stage are generated 
by placing the input signal across a resistor string of 16 
series resistors. Analog switches allow the voltage to be 
tapped from the resistor string at 16 points. The resistors 
are sized such that each output voltage is at the proper 
logarithmic ratio relative to the input signal at the top 
of the string. Attenuation is implemented by using the 
re~istor string as a, simple voltage divider, and gain is 
implemented by using the resistor string as a feedback 
resistor around an internal op amp. 

1.2 Gain SeHings 

Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain 
from -24dB to +24dB in 0.1dB steps can be obtained by 

80 

V,N LIKHZ 
70 
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V 
~ --60 

0;-

1/ ~ --~~ --:!!. 
Q 

+ 50 -z 

"" 40 

30 
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20 
-24 -18 -12 -6 6 12 18 24 
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Figure 9. SIN + D vs Gain Setting (V1Nf\'OUT = .5VRMS) 

combining the coarse and fine gain settings to yield the 
desired gain setting. The relationship between the 
digital select bits and the corresponding analog gain 
values is shown in Tables 1 and 2. Note that C3-CO 
selects the coarse gain, F3-FO selects the fine gain, and 
ATTEN/GAIN selects either attenuation or gain. 

1.3 Output Buffer 

The final analog stage is the output buffer. This 
amplifier has internal gain of 1 and is designed to, 
drive 600 ohms and 100pF loads. Thus, it is suitable 
for driving a telephone hybrid circuit directly without 
any external amplifier. 

1.4 Power Supplies 

The digital section is powered between Vee and GND, 
or 5 volts. The analog section is powered between Vee 
and Vss and uses AGND as the reference point, or ±S 
volts. 

GND and AGND are totally isolated inside the device 
to minimize coupling from the digital section into the 
analog section. However, AGND and GND should be 
tied together physically near the device and ideally 
close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vee and Vss 
to the analog output is greater than -GOdB at 1 kHz. If 
decoupling of the power supplies is still necessary in a 
system, Vee and Vss should be decoupled with 
respect to AGND. 
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FUNCTIONAL DESCRIPTION (Continued) 

Table 1. Fine Cain Settings (O-CO = 0) 

, -.-Meal Gain (d8l __ 
... Fl F2 Fl. FO ATTEN/GAIN= 1 ATJEN/GAIN = 0 

o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 

o 0 
o 0 
o 1 
o 1 
1 0 
1 ' 0 
1 1 
1 1 
o 0 
o 0 
o 1 
o 1 
1 0 
1 0 
1 1 
1 1 

o .0 .0 
1 -.1 .1 
o ~2 . 2 
1 -'.3 .3 
o -.4 .4 
1 ",,5 .5 
o -.6 ' .6 
1 -.7 .7 
o -.8 .8 
1 -.9 .9 
o ~~ 1~ 
1 -1.1 1.1 
o ~2 12 
1 -1.3 1.3 
0~.4 1.4 
1 -1.51.5 

1.5 Powerdown Mode 

A powerdown mode can be selected with pin PON. 
When PON = 1, the device is powered down. In this 
state, the power consumption is' reduced by removing 
power from the analog section and forcing the 'analog 
output, VOUT, to a.highimpedance state. While the 
device is in powerdown mode, the digital section is still 
functional and the current data word remains stored 'in 
the latch when in serial mode. When PON= 0, the 
device is in normal operation. 

1.6 Digital Section 

The ML2003 can b~erated withaserial or parallel 
Interface. The SER/PAR pin selects the desired interface. 
When SERIPAR " 1, the serial mode is ,selected. When 
SER/PAR = 0, the parallel mode is selected. The ML2004 
digital interface is serial only. 

1.6.1 Serial Mode 

Serial mode is selected by setting SERIPAR pin high. 
The serial interface allows the gain settings to be set 
from a serial data word. 

The timing for the serial mode is shown in Figure 10. 
The serial input data, SID,is loaded into a shift register 
on rising edges of the shift clock, SCK. The data can be 
parall~1 I~aded into a latch when the input latch signal, 
LATI, IS high. The LATI pulse must occur When SCK is 
low. In this way, a new data word can be loaded into 
the shift register without disturbing the existing data 
word in the latch. 

The parallel outputs of the latch control the ' 
attenuation/gain setting. The order of the data word, 
bits in the latch is shown in Figure 11. Note that bit 0 is 
the first bit of the data word clocked into the shift 
register. Tables 1 and 2 describe how the data word 
programs the gain. 

., 

Table 2. Coarse Cain Settings (F3-FO =0) 

.' , ---.M.eal Gain (dB) ., 
C3 C2 Cl CO AllEN/GAIN = 1 AllEN/GAIN = 0 

0 0 0 0 .0 .0 
0 0 0 1 -1.5 1.5 
0 0 i 0 -3.0 3.0 
0 0 1 1 -4.5 4.5 
0 1 0 0 ~.O 6.0 
0 1 0 1 ':'7.5 7.5 
0 1 1 0 -9.0 9.0 
0 1 1 1 -10.5 10.5 
1 0 0 0 -12.0 12.0 
1 0 0 1 -13.5 13'.5 
1 0 1 0 -15.0 15.0 
1 0 1 1 -16.5 16.5 
1 1 0 0 -18.0 18.0 
1 1 0 1 -19.5 19.5 
1 1 1 0 -21.0 21.0 
1 1 1 1 -22.5 22.5 

The device also has the capability to read out the data 
wor~storedin the latch. This can be done by parallel 
loadrng the data from the . latch back into the shift 
register when the latch signal, LA TO, is high. The LATo. 
pulse must occur when SCK is low. Then, the data . 
word can be shifted out of the shift register serially to 
the output, 50.0, on falling edges of the shift clock 
~K ., 

The loading and readingofthe data word can be done 
continuously or in bursts. Since the shift register,and latch 
circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks ~r data pulses. 
~~~r, ther:e is cOlJpling (typically less ,than mOIlV) of the .. 
digital Signals rnto the analog section. This coupling can be' 
minimized by clocking the data bursts.iri during noncritical t 

intervals or at a frequency outside the analog frequency 
range. ' 

1.6.2 Parallel Mode 

The parallel mode is selected by setting SERIPAR pin 
low. ~he parallel interface allows the gain settings to be 
set With external switches or from a p,arallel 
microprocessor. interface. ' 

In parallel mode; the shift register and latch are 
bypasse? an? connections are made directly to the gain, 
select bits With external pins ATTEN/GAIN, CJ-CO, and 
F3-FO. Tables 1 and 2 describe how these pins progt'atn·· 
the gain. The pins ATTEN/GAIN, C3-CO, and F~FOhave 
internal pulldown resistors to GND. ,The typical value,6f 
these pulldown resistors is 100kn~ . 
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FUNCTIONAL DESCRIPTION (Continued) 
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APPLICATIONS 
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APPLICATIONS (Continued) 
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ORDERING INFORMATION 
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PART NUMBER 

ML20031j 
ML20031P 
ML20031Q 
ML2003CP 
ML2003CQ 
ML20041J 
ML20041P 
ML2004CP 

TEMP. RANGE 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

O°C to +70°C 
-40°C to +85°C 
-40°C to +85"C 
-40°C to +85°C 

O°C to +70°C 

'Micro Linear 

PACKAGE 

HERMETIC DIP (J18) 
MOLDED DIP (P18) 
MOlDED PCC (Q20) 
MOLDED DIP (P18) 
MOLDED PCC (Q20) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 
MOLDED DIP (P14) 



'Micro Linear ML2008,ML2009 
JAP Compatible Logarithmic Gain/ Attenuator 

GENERAL DESCRIPTION 
The ML2008 and ML2009 are digitally controlled logarithmic 
gain/ attenuators with a range of - 24 to +24dB in 0.1 dB 
steps. 

Easy interface to microprocessors is provided by an input 
latch and control signals consisting of chip select and write. 

The interface for gain setting of the ML2008 is by an 8-bit 
data word, while the ML2009 is designed to interface to a 
16-bit data bus or with an 8-bit data bus with a single write 
operation by hard-wiring the gain/ attenuation pin or LSB pin. 
The ML2008 can be power downed by the microprocessor 
utilizing a bit in the second write operation. 

Absolute gain accuracy is O.OSdB max over supply tolerance 
of ± 10% and temperature range. 

These CMOS logarithmic gain/ attenuators are designed for a 
wide variety of applications in telecom, audio, sonar, or gen
eral purpose function generation. 

BLOCK DIAGRAMS 

Ml2008 

Vee Vss GNO AGNO 

I f J ~ +5 -5 

01-08 

FEATURES 
• Low noise OdBmc max with +24dB gain 
• Low harmonic distortion -60dB max 
• Gain range -24to +24dB 
• Resolution O.ldB steps 
• Flat frequency response ± 0.05 dB from 0.3-4 kHz 

±O.lOdB from 0.1-20kHz 
• Low supply current 4 mA max from ± 5 V supplies 
• TIL/CMOS compatible digital interface 
• ML2008 is designed to interface to an 8-bit data bus; 

ML2009 to l6-bit data bus. 
• Standard l8-pin 0.3" center DIP or 20-pin molded 

chip carrier package 

Ml2009 

Vee Vss GNO AGNO 

I f J ~ +5 -5 

VIN 

00-08 
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PINCON,NEcrIONS 

07 

D6 

OS 

04 

WR 

03 

02 

,01 

ML2008 

18-piN OIp 

TOP ViEW 

2O-PIN PLCC 

DB 

Vee 

VOUT 

Vss 

AGNO 

Y,N 

NC 

CS 

AO 

OS D6 07 08 Vee 

D1 GNO AO CS Y,N 

TOP VIEW 

VOUT 

Vss 

AGNO 

NC 

NC 

PIN DESCRIPTION 

NAME 

Vss 
Vee 
eND 

AGND 

VIN 

VOUT 

D8 

D7 

D6 
D5 

D4 

FUNCTION 

Negative supply. - 5 volts ± 10% 

Positive supply. 5 volts ± 10% 

Digital ground. o volts. All digital 
inputs are referenced to this 
ground. 
Analog grou,nd. Ovolts. Analog 
input and output are referenced to 
this ground. ' 

Analog input 

Analog output , 

Data bit, ATTEN/GAIN 

Data bit, C3 

Da~a bit, C2 

Data bit, C1 

Data bit, CO 

07 

D6 

,04 

WR 

,03 

02 

D1 

ML2009 

18-PIi;OIP 

TOP VIEW 

20-PIN PLCC 

08 

VOUT 

AGNO, 

NC 

DO 

OS' D6 '07 DB Vee 

3 2 '.1'20 

01 GNO DO CS Y,N 

TOP VIEW 

VOUT 

Vss 

AGNO 

NAME FUNCTION 

D3 

D2 

D1 

DO 
WR 

CS 

AO (ML2008 only) 

Data bit, F3 

Data bit, PDN, F2 ML2008; F2 
ML2009 ' 

Data bit, FO, F1 ML2008; F1 
ML2009' ' 

Data bit, FO ML2009 only 

Write enable. This input latches 
the data bits into the registers on 
rising edges ofWR. 

Chip select. This input selects the 
device by only allowing the WR 
signal to latchin'data when CS is 
low. ' 

Address select. This input deter
mines which data word is being 
written into the registers. 
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Ml2008, Ml2009 

ABSOLUTE MAXIMUM RATINGS OPERATI NG CON DITIONS 
(Note 1) 

Supply Voltage 
Vcc ..................... +6.5V 
~ ... .......................... -~V 

AGNDwith RespecttoGND ................... VcctoVss 
Analog Inputs and Outputs ...... Vss -0.3 V to Vcc +O.3V 
Digital Inputs and Outputs . GND -O.3VtoVcc +O.3V 
Input Current Per Pin........... . ......... ±25mA 
Power Dissipation ......... . . . . . . . . .. 750mW 
Storage Temperature Range ............. -65°Cto +150°C 
Lead Temperature (Soldering 10 sec.) ................ 300° C 

ELECTRICAL CHARACTE RISTICS 

Temperature Range (Note 2) 
ML2008CP, ML2009CP .......... . 
ML2008CQ, ML2009CQ ........ . 
ML20081j, ML20091j .... 

Supply Voltage 
Vcc .... 
Vss .. 

. .. O°C to +70° C 

. .. O°Cto +70°C 
-40°C to +S5°C 

.. 4Vt06V 
-4Vto -6V 

Unless otherwise specified TA ~ TMIN to T MAX, Vcc~5V±lO%, Vss~ -5V ±lO%, Data Word: DB (AnEN/GAIN)~l, Other 
Bits~O, (OdB Ideal Gain), CL ~ lOOpF, RL ~600Q, dBm measurements use 600Q as reference load, digital timing measured at 
1.4Y. 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG 
AG Absolute Gain Accuracy 4 VIN ~ SdBm, 1 kHz -0.05 +0.05 dB 

RG Relative Gain Accuracy 4 100000001 -0.05 +0.05 dB 
000000000 -0.05 +0.05 dB 
000000001 -0.05 +0.05 dB 
All other gain settings -0.1 +0.1 dB 
All values referenced to 100000000 gain 
when DS (AnEN/GAIN)~l, VIN~SdBm 
when DS (AnEN/GAIN)~O, 
VIN ~ (SdBm -Ideal Gain) in dB 

FR Frequency Response 4 300-4000Hz -0.05 +0.05 dB 
100-20,000 Hz -0.1 +0.1 dB 
Relative to 1 kHz 

Vas Output Offset Voltage 4 VIN ~O, +24dB gain ±100 mV 

ICN Idle Channel Noise 4 VIN ~O, +24dB, C msg weighted -6 0 dBrnc 
5 VIN ~O, +24dB, 1 kHz 450 900 nvl ..,[Hz 

HD Harrnonic Distortion 4 VIN ~ 8dBm, 1 kHz -60 dB 
Measure 2nd, 3rd, harmonic relative to 
fundamental 

SD Signal to Distortion 4 VIN~8dBm, 1kHz +60 dB 
C msg weighted 

PSRR Power Supply Rejection 4 200mVp_p, 1 kHz sine, VIN~O 
onVcc -60 -40 dB 
on Vss -60 -40 dB 

ZIN Input Impedance, VIN 4 1 Meg 

VINR Input Voltage Range 4 ±3.0 V 

Vosw Output Voltage Swing 4 ±3.0 V 

'Micro Linear 3-15 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA~ TMIN to TMAX, Vcc~5V ±1O%, Vss~ -5V±lO%, Data Word: D8 (AnEN/GAIN)~l, Other 
Bits~ 0 (OdB Ideal Gain), CL ~ lOOpF, RL ~ 600Q, dBm measurements use 600Q as reference load, digital timing measured at 
lAY, CL ~lOOpF. 

SYMBOL PARAMETER CONDITIONS UNITS 

DIGITAL AND DC 
VIL Digital Input Low Voltage 4 O.B V 

VIH Digital Input High Voltage 4 2.0 V 

liN Input Current, Low 4 VIH~GND -10 I'A 

liN Input Current, High 4 VIH-VCC 10 I'A 

Icc Vcc Supply Current 4 No output load, VIL -GND, 4 mA 
VIH-VCC, VIN-O 

Iss Vss Supply Current 4 No output load, VIL -GND, -4 mA 
V1H-VCC, V1N-0 

Iccp Vcc Supply Current, ML200B 4 No output load, V1L -GND, 0.5 mA 
Powerdown Mode Only VIH-VCC 

Issp Vss Supply Current, ML200B 4 No output load, VIL -GND, -0.1 mA 
Powerdown Mode Only V1H-VCC 

AC CHARACTERISTICS 

tSET VOUT Settling Time 4 V1N -0.1B5V. Change gain from -24to 20 I's 
+24dB. Measure from WR rising edge to 
when VOUT settles to within 0.05dB of 
final value. 

tSTEP VOUT Step Response 4 Gain- +24dB. VIN - -3Vto +3V step. 20 I'S 
Measure from VIN- -3Vto when VOUT 
settles to within 0.05dB of final value. 

tDS Data Setup Time 4 50 ns 

tDH Data Hold Time 4 50 ns 

tAs AO Setup Time 4 0 ns 

tAH AOHoldTime 4 0 ns 

tess CS* Setup Time 4 0 ns 

tCSH CS* Hold Time 4 0 ns 

tpw WR* Pulse Width 4 50 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: O°C to +70°C and -40°C to +B5°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Paramete'r guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation . 
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TIMING DIAGRAM 

00-D8 .... ~ ~~;~ ~ 
~l=tDS lDH::J~ 

t~ ~--________ __ 

AO 

Figure 1. Timing Diagram 

TYPICAL PERFORMANCE CURVES 

5 I I IIII fT ~ 
-0.5 II 1111 "- ~ 

AITEN: Y,N = 2VRMS 
-0. 

-.1 
ATTEN: Y,N = .5VRMS II II '\ '\ 

o GAIN: YIN = .5VRMslGAIN SETTING '\ GAIN: Y,N = 2VRMslGAIN SEITING 
-.10 

,-.1 5 

=- -.2 
;!. 

0 

Q -.25 

~ 
~ -.30 
::;: 
< -.35 

-.40 

-.45 

-.50 
100 

GAIN = + 24dB r\ f 
GAIN = + 18dB'\ / 

GAIN = + 12dB V 
GAIN = + 0, -24dB \ 

\ 

!\ 

lK 10K lOOK 
FREQUENCY (Hz) 

Figure2. Amplitudevs Frequency (VIN/VOUT =O.5VRMS) 

1.8 \ 
~ 1.6 

~ >- 1.4 
.3-
t;I 1.2 ~ 
~ 
~ 1 

~ o 0.8 
Z 
5 0.6 
~ 
~ 0.4 

0.2 

o 
10 

'\ 

\. 
\ 

GAIN=+2~B 

t\. GAIN,,= +112d~ 

,~ ~ GAIN = -24dB 

r"' " ~ 
........... 

100 ' lK 

FREQUENCY (Hz) 

Figure 4. Output Noise Voltage vs Frequency 

10K 

-.15 

iii' -.20 
;!. 

Q -.25 

~ 
~ -.30 
::;: 
< -.35 

-.40 

-.45 

-.50 
100 

GAIN = +24dB f 1\ 
~~I~ =OdV / 

GAIN = -24dB 

\ 
\ 

lK 10K lOOK 

FREQUENCY (Hz) 

Figure 3. Amplitude vs Frequency (VINIVoUT = 2VRMS) 

-2 
VIN =t 

-3 

I -4 
;!. 

g -5 

~ -6 ... 
:l 

/ 
/ 

/ 
/ 

~ ... -7 :l 
0 
ill -8 

J 
-9 

/ 
.,,/ 

..,... 
-10 

-24 -18 -12 -6 0 12 18 24 

GAIN SmlNG (dB) 

Figure 5. CMSG Output Noise vs Gain Setting 
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TYPICAL PERFORMANCE CURVES (Continued) 

100 
ATTEN: VIN = 8dBm 
GAIN: VIN = 8dBm/GAIN SmlNG 

.... 
1KHz 

90 

80 .. 
~ 
z 
Vr 70 

V --./ 

~ 
:l' 
u 60 

/ 

so 

40 
-24 .' ,-18 -12 -6 0 12 18 24 

GAIN SmlNG (dB) 

Figure 6. CMSG SI N vs Gain Setting 

80 

JiN=lkH~ 
70 

'. ,...." ., 

60 .. 
~ so 
c 
+ 

/ f""" "' c:--... 
r'\. 

........... VoN" 20kHz 

- \ 
z 40 
Vr 

30 

20 

1\ 
'['.... VIN" SOkHz 

ATIEN:. VIN = 2VRMS 
GAIN: VIN = 2VRMs/GAIN SmlNG 

10 
-24 -18 -12 -6 12 18 24 

GAIN Sm!NG (dB) 

Figure 8. SIN +0 vsGain Setting (VIIN/VOUT=2VRMS> 

1.0 FUNCTIONAL DESCRIPTION 
The ML2008, ML2009 consists of a coarse gain stage, a fine 
gain stage, an output buffer, and a IJP compatible parallel 
digital interface. " 

1.1 Gain stages 
T~e analog input, VIN, goes directly into the op amp input in 
the coarse gain stage. The coarse gain stage has a gain range 
of 0 to 22.5dB in 1.5dB steps. 

The fine gain stage is cascaded onto the coarse section. The 
fine gain stage ,has a gain range ofOto 1.SdB in O.ldBsteps. 

Both stages can be programmed for either gain or attenua
tion, thus doubling the effective gain range. 

.. 
~ 

" S1 
B5 
z 
< 
'" 

.. 
~ 
c 
+ 

:2 
Vr 

0.1 

'.08 

.06 

.04 

.02 r--r-- - r--
-.02 

-.04 

-.06 

-.08 

-1.0 
-24 -18 -12 -6, 6 

GAIN SmlNG (dB) 

12 18 24 

Figure 7 • GalnError vs Gain setting· 

00 
" 

VINLKHZ 
, 70 

60 

so 

~ 
..... 

~~ t--~ 

~ ~ 
r--~~ r----

40 

30 

ATIEN: VIN = .5VRMS 
GAIN: VIN = .5VRMs/GAIN SmlNG 

20 
.24 -18 -12 -6 6 12 18 24 

GAIN SmlNG (dB) 

Fig,!re 9. SI N + 0 vs Gain setti~g (VIN/VOUT = 0,5 VRMS> 

The logarithmic steps in eilch,gains stage are generated by 
placing the input signal across a resistor string of16 series' 
resistors. Analog switches allow the voltage to be tapped from 
the resistor string at 16 points. The resistors are sized such that 
each output voltage is at the proper,logarithmic ratio relative' 
to the input signal at the top of the string. Attenuation is im
plementedby using the resistor string as a sili1pl,e voltage, 
divider; and gain is implemented by using!M resistor string 
as a feedback resistQr around an internal oP"arnP. 

1.2 Gain Settings " ' 
Since the coarse and, fine gain stages are 'cascaded, their gaihs 
can be summed logarithmically. Thus, any gaiQ from - 24dB 
to +24dB in 0.1 dB StepS can be obtained by combining 
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the coarse and fine gain settings to yield the desired gain 
setting. The relationship between the register 0 and 1 bits and 
the corresponding analog gain values is shown in Tables 1 and 
2. Note that C3-CO select the coarse gain, F3-FO select the 
fine gain, and ADEN/GAIN selects either gain or 
atten uation. 

1.3 Output Buffer 
The final analog stage is the output buffer. This amplifier has 
internal gain of 1 and is designed to drive 600Q, 100pF loads. 
Thus, it is suitable for driving a te1ephone hybrid circuit di
rectly without any external amplifier. 

Table 1. Fine Gain Settings (C3 - CO = 0) 

Ideal Gain (dB) 
F3 F2 F1 FO ADEN/GAIN=1 ATTEN/GAIN=O 

0 0 0 0 0.0 0.0 
0 0 0 1 -0.1 0.1 
0 0 1 0 -0.2 0.2 
0 0 1 1 -0.3 0.3 
0 1 0 0 -0.4 0.4 
0 1 0 1 -0.5 0.5 
0 1 1 0 -0.6 0.6 
0 1 1 1 -0.7 0.7 

0 a 0 -0.8 0.8 
a a 1 -0.9 0.9 
a 1 0 -1.0 1.0 
0 1 1 -1.1 1.1 

0 a -1.2 1.2 
a 1 -1.3 1.3 
1 a -1.4 1.4 
1 1 -1.5 1.5 

2.0 DIGITAL INTERFACE 
The architecture ofthe digital section is shown in the preced
ing block diagram. 

The structure of the data registers or latches is shown in Fig
ures 10 and 11 for the ML2008 and ML2009, respectively. The 
registers control the attenuation/gain setting bits and with the 
ML2008 the power down bit. 

Tables 1 and 2 describe how the data word programs the gain. 

The difference between the ML2008 and ML2009 is in the 
register structure. The ML2008 is a 8-bit data bus version. This 
device has one 8-bit register and one 2-bit register to store the 
9 gain setting bits and 1 powerdown bit. Two write operations 
are necessary to program the full 10 data bits from eight exter
nal data pins. The address pin AO controls which register is 
being written into. The powerdown bit, PDN, causes the 
device to be placed in powerdown. When PDN ~ 0, the de
vice is powered down. In this state, the power consumption 
is reduced by removing power from the analog section and 

ML2008, ML2009 

1.4 Power Supplies 

The digital section is powered between Vee and GND, or 5 V. 
The analog section is powered between Vee and Vss and 
uses AGND as the reference point, or ± 5 V. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100JlV. However, AGND 
and GND should be tied together physically near the device 
and ideally close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vee and Vss to the 
analog output is greater than - 60dB at 1 kHz. If decoupling 
of the power supplies is still necessary in a system, Vee and 
Vss should be decoupled with respect to AGND. 

Table 2. Coarse Gain Settings (F3 - FO = 0) 

Ideal Gain (dB) 
(3 (2 (1 (0 ATTEN/GAIN=1 ATTEN/GAIN=O 

a a a a 0.0 0.0 
a a 0 1 -1.5 1.5 
a a 1 a -3.0 3.0 
0 0 1 1 -4.5 4.5 
a 1 a 0 -6.0 6.0 
0 1 a 1 -7.5 7.5 
a 1 1 0 -9.0 9.0 
0 1 1 1 -10.5 10.5 

a 0 0 -12.0 12.0 
0 a 1 -13.5 13.5 
a a -15.0 15.0 
a 1 1 -16.5 16.5 

0 0 -18.0 18.0 
0 1 -19.5 19.5 
1 0 -21.0 21.0 
1 1 -22.5 22.5 

forcing the analog output, VOUT, to a high impedance state. 
While the device is in powerdown, the digital section is still 
functional and the current data word remains stored in the 
registers. When PDN ~ 0, device is in normal operation. 

The ML2009 is a 9-bit data bus version. This device has one 
9-bit register to store the 9 gain setting bits. The full 9 data bits 
can be programmed with one write operation from nine 
external data pins. 

The internal registers or latches are edge triggered. The data is 
transferred from the external pins to the register output on 
the rising edge ofWR. The address pin, AO, controls which 
register the data will be written into as shown in Figures 1 and 
2. The CS control signal selects the device by allowing the 
WR signal to latch in the data only when CS is low. When CS 
is high, WR is inhibited from latching in new data into the 
registers. 
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08 07 06 .05 04 03 02 Dl BIT 

AO-OIATTEN/GAIN 1 C3 C2 C1 co 'I F3 F2 
1 

Ii 1 REG 0 

AD.ll 
1 1 1 PON 1 FO fREG1 .. 

Figure 10. ML2008 Register Structure 

ML2008 

VOUT 

Figure 12. Typical8-Bit liP Interlace, Double Write 

ML2009 

Figure 14. Typical1~Bit I-IP Interface, 

.. 08 , 07 06, 05 04 .03 02 01 Do lilT 

I AmN/GAIN I C; 1 01 Cl 1 CO 1 F3 F2 F1 1 FQ IIUiGO' 

, Figure 11. ML2~ Register Structure 
") .. 

ML2009 

\lOUT V\fV 

Figure 13. Typical 8-Bit I-IP Interface,. Single Write 

ML2009 

, ML2233 
12-81T 
+ SIGN' 
AlO 

Figure 15. AGe for DSP or Modem Front End 

~P 
OR 
DSP 
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+sv 

M12009 

VOUl 

-sv 

Figure 16. Operation as Logarithmic D/ A Converter 

ORDERING INFORMATION 

PART NUMBER 

ML20081] 
Ml20081P 
Ml20081Q 
ML2008CP 
Ml2008CQ 
Ml20091] 
Ml20091P 
Ml20091Q 
Ml2009CP 
Ml2009CQ 

Ml2008, Ml2009 

MI2OO8 MI2OO8 

Dl-D8 CS AU 

AUt---t="'\\\1=t ........ ----=~WFt-' 
WR 

~p 

Figure 17. Controlling Multiple Gain/ Attenuators 

TEMP. RANGE 

-4Q°C to +85°C 
-4Q°C to +85°C 
-4Q°C to +85°C 

O°C to +70°C 
O°C to +70°C 

-4Q°C to +85°C 
-4Q°C to +85°C 
-4Q°C to +85°C 

O°C to +70°C 
O°C to +70°C 

PACKAGE 

HERMfflC DIP (J18) 
MOlDED DIP (P18) 
MOlDED PCC (Q20) 
MOlDED DIP (P18) 
MOlDED PCC (Q20) 
HERMETIC DIP (J18) 
MOlDED DIP (P18) 
MOlDED PCC (Q20) 
MOlDED DIP (P18) 
MOlDED PCC (Q20) 
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GENERAL DESCRIPTION 
The ML2020 is a monolithic analog line equalizer for 
telephone applications. The ML2020 consists of a switched 
capacitor filter that realizes a family of frequency response 
curves optimized for telephone line equalization. 

The ML2020 consists of a continuous anti-aliasing filter, a 
60 Hz rejection high pass filter section, three programmable 
switched capacitor equalization filters, an output smoothing 
filter, a 600Q driver, and a digital section for the serial 
interface. 

The equalization filters adjust the slope, height, and band
width of the frequency response. The desired frequency 
response is programmed by a digital 14-bit serial input data 
stream. 

The ML2020 is implemented in a double pOlysilicon CMOS 
technology. 

BLOCK DIAGRAM 

CLKSEL vee AGND Vss 

? ,? ? 
VOUT 

SID SOD 

SCK LATO 

ML2020 

Telephone Line Equalizer 

FEATURES 
• Slope, height, and bandwidth adjustable 
• 60 Hz rejection filter 
• On chip anti-alias filter 
• Bypass mode 
• Low supply current 6mA typical from ±5V supplies 

• TIL/CMOS compatible interface 
• Double buffered data latch 
• Selectable master clock 1.544 or 1.536 MHz 
• Synchronous or asynchronous data loading capability 
• Compatible with ML2003 and ML200410garithmic 

gain / attenuator 
• Standard 16-pin 0.3" center molded or hermetic dip 

and 18-pin SOIC 

• O°C to +70°C and -40°C to +85°C operating 
temperature range 

PIN CONNECTIONS 

Ml2020 
16-PIN DIP 

Ml2020 
18-PINSOIC 

CLKSEL Vee 
SID PON 
NC VOUT 

LATO AGND 
SCK NC 
NC V,N 

SOD NC 
CLK Vss 

GND -"',::=~::-:-"...LATI 
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PIN DESCRIPTION 
NAME 

ClKSEl 

SID 

LATa 

SCK 

SOD 

ClK 

FUNCTION 

Clock select input. This pin selects 
the frequency of the ClK input. If 
ClK is 1.536MHz, set ClKSEl~ 1. 
IfClK is l.S44MHz, set 
ClKSEl~O. Pin has an internal 
pullup resistor to Vee. 

Serial input data. Digital input that 
contains serial data word which 
controls the filter frequency re
sponse setti ng. 

Output latch clock. Digital input 
which loads the data word back 
into the shift registerfrom the 
latch. 

Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

Serial output data. Digital output 
of the shift register. 

Master clock input. Digital input 
which generates clocks for the 
switched capacitor filters. Fre
quency can be either l.S44MHz 
or l.S36MHz. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
Vcc ......................................... +6.SV 
Vss' ......................................... -6.5V 
AGNDwithRespecttoGND ..................... ±0.5V 
Analog Input and Output .......... Vss -O.3V to Vcc +0.3 V 
DigitallnputandOutputs ........ GND-O.3VtoVcc+O.3V 
InputCurrentPerPin ........................... ±25mA 
Power Dissipation ............................. 750mW 
Stor<!!le Temperature Range ............. - 65° C to +150° C 
Lead Temperature (Soldering 10 sec.) ................ 300° C 

NAME 

GND 

lATI 

Vss 
VIN 

AGND 

Vour 
PDN 

Vee 

ML2020 

FUNCTION 

Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 
Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 

Negative supply. -Svolts ±10%. 

Analog input. 

Analog ground. o volts. Analog 
input and output are referenced to 
this ground. 

Analog output. 

Powerdown input. When PDN ~ 1, 
device is in powerdown mode. 
When PDN~O, device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 

Positive supply. 5 volts ± 10% 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML2020CP, ML2020CS .................... O°Cto +70°C 
ML20201] ............................ -40°Cto +85°C 

Supply Voltage 
Vcc ....................................... 4Vt06V 
Vss .................................... -4Vto -6V 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specifiedTA = TMIN to TMAX, Vcc=SV ±10%, Vss= -SV ±10,%, Data Word: BP=l, Other Bits=O, CL = 100 pF, 
Rl =600Q, dBm measurements use 600Qas reference load, VIN = -7 dB'm, 1 kHz sinusoid CLK= l.S44MHz ±300Hz·and digi-
tal time measured at 1.4 V ' 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG 

5R Response, Slope Section 4 1 kHz response 
NUL 53 52 51 SO 
-- - - - -

0 0 0 0 1 1.4±0.1 dB 
0 0 0 ",1 0 2.6±0.2 dB 
0 0 1 0 0 4.7±0.2 dB 
0 1 0 0 0 7.8±0.2 dB 
0 1 1 1 1 11.4±0.25 dB 
1 0 0 ,0 0 0±0.1 dB 
1 0 0 0, 1 0.4±0,1 dB 
1 0 0 1 0 0,9±0.2 dB 
1 0 1 0 0 1,8±0.2 dB 
1 1 0 0' 0 3.7±0.2 dB 
1 1 1 1 1 6.6±0.25 dB 

Referenced to 
0 0 0 0 0 

HR Response, Height Section 4 3250 Hz respo~ referenced to 1 kHz 
response with BP:-l, other bits-O ' 

NUL H3 H2 HJ HO 
-- - - -

0 0 0 0 0 0±0.1 dB 
0 0 0 0 ,1 0.6±0.2 dB 
0 0 0 ,1 0 1.2±0.2 dB 
0 0 1 0 0 2.4±0.2 dB 
0 1 0 0 0 5.8 ±0.3 dB 
0 1 1 1 1 11.2 ±0.3 dB 

BR Response, Bandwidth 4 NUL B3 'B2 Bl BO HJ H2 Hl HO 
Section (Q) -- -..,.....-------

0 0 0 0 0 1 1 1 1 16.1±2.0 
0 0 0 0 1 1 1 1 1 14.2±1:5" 
0 0 0 1 0 1 1 1 1 12.6±1.5 
0 0 1 0 0 1 1 1 1 9.1±1,0 
0 1 0 0 0 1 1 1 1 3.6±0.5 
0 1 1 1 1 1 1 1 1 1.2 ±0.35 

. ' 

PK BW Peak Frequency 4 H3thru HO=l 3230 3250 3270 Hz 

AG Absolute Gain, Flat 4 lt04kHz -.0,1 +0.1 +0.3 dB 
Response 

AGB Absolute Gain, Bypass Mode 4 0.3 to 4kHz, BP-O -0.1 +0.1 
., 

":0.3 dB 

ICN Idle Channel Noise 4 VIN-O 3 8 ' dBrnc 

VIN = 0., All Data Bits", 1 9 dBrnt 
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ELECTRICAL CHARACTE RISTICS (Continued) 
Unless otherwise specified TA= TMIN to TMAX, Vcc=5V ±10%, Vss= -5V ±10%, Data Word: BP=l, Other Bits=O, CL =l00pF, 
RL =600Q, dBm measurements use 600Q as reference load, VIN = -7dBm, 1 kHz sinusoid CLK= 1.544MHz ±300Hz and digi
tal time measured at 1.4 V 

SYMBOL PARAMETER 

ANALOG 
HD Harmonic Distortion 4 

SD Signal to Distortion 4 

SFN Single Frequency Noise 5 

PSRR Power Supply Rejection 4 

ZIN Input Impedance, VIN 4 

Vos Output Offset Voltage 4 

VINR Input Voltage Range 4 

Vosw Output Voltage Swing 4 

DIGITAL AND DC 
VIL Digital Input low Voltage 4 

VIH Digital Input High Voltage 4 

VOl Digital Output low Voltage 4 

VOH Digital Output High Voltage 4 

ILCLK Input Current, ClK SEl 4 

ILPDN Input Current, PDN 4 

IL Input Current, All Other Inputs 4 

Icc Vee Supply Current 4 

Iss Vss Supply Current 4 

leep Vee Supply Current, 4 
Powerdown Mode 

Issp Vss Supply Current, 4 
Powerdown Mode 

AC CHARACTERISTICS 

toc Clock Duty Cycle 5 

tSCK SCK On / Off Period 4 

ts SID Data Setup Time 4 

tH SID Data Hold Time 4 

tD SOD Data Delay 4 

tJPw LATI Pulse Width 4 

tapw LAID Pulse Width 4 

tlS,tas LATI, LAID Setup Time 4 

tlH,taH LATI, lATO Hold Time 5 

tpw SOD Parallel load Delay 4 

CONDITIONS 

VIN - 5 dBm, 1 kHz 
Measure 2nd, 3rd, harmonic 
relative to fundamental 

VIN - -12dBm, 1 kHz +48 
C msg weighted 

VIN-O, 
4kHz';; frequency';; 150kHz 

2oomVp-p, lkHzsine, VIN-O 
on Vee 
onVss 

100 

VIN-O 

±2.0 

RL -600Q ±2.0 

2.0 

1m -2mA 

IOH--lmA 4.0 

VIN-O 5 

VIN-Vce -5 

VIN-O-Vee 

No output load, VIL =GND, 
VIH-Vee, VIN=O 

No output load, VIL =GND, 
VIH-Vec, VIN-O 

No output load, VIL -GND, 
VIH-Vee 

No output load, VIL=GND, 
VIH-Vce 

40 

250 

50 

50 

0 

50 

50 

50 

50 

0 

-48 

-50 

-40 
-40 

±50 

0.8 

0.4 

100 

-100 

±10 

10 

-10 

1.2 

-1.2 

60 

125 

125 

LIMIT 
UNITS 

dB 

dB 

dBm 

dB 
dB 

kQ 

mV 

V 

V 

V 

V 

V 

V 

iJA 
iJA 
iJA 
mA 

mA 

mA 

mA 

% 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measu red with respect to grou nd. 

Note 2: DoC to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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Figure 3. Typical Slope Filter Response - N L/ l = 1 
83-80, H3-HO = 0000, 53-SO = 0000 to 1111. 

1111 f\ 
,/1 

1111_ 
1200 

\ 
1000 I 

(/\ 
0100 \ 1\ 

0010.,.( 7*7\ \ 
/~ ~ ~ 

/ / 
OOr-jO-

1000 

0100, 

0010 
I 

\ 0001-" 

\. 0000 ..... 
:;:::= 

g 1000 

! 800 

-c 
I 600 

j 
400 0 .. 

:J 200 
?il 
<.:) 

o 500 1000 1500 2000 2500 3000 3500 4000 
-200 0 500 1000 1500 2000 2500 3000 3500 4000 

FREQUENCY (Hz) FREQUENCY (Hz) 

Figure 4. Typical Height Filter Response- NL/l =0 
83-80, 53-SO = 0000; H3-HO = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRI PIlON 
The ML2020 consists of a continuous anti-alias filter, a 60 Hz 
reject highpass filter section, three programmable switched 
capacitor equalization filters, an output smoothing filter, an 
output driver, and a digital section for the serial interface. 

1.1 Anti-Alias Filter 
The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical3dB frequency at 20kHz 
and 30dB of rejection at 124kHz. 

1.2 60 Hz Rejection Filter 
The 60 Hz section is a highpass switched capacitor filter de
signed to reject DC offsets and low frequency signals present 
on the input. This filter is a first order section with a typical 
3dB frequency at 135Hz. 

1.3 Equalization Filters 
The equalizer filters folloW the 60 Hz high pass section. These 
programmable filters implement a family of frequency 
response curves intended to compensate for the response of 
telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.3.1 Response{)f Slope, Height, and Bandwidth 
The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, 53-
SO. These bits alter the slope of the high pass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 

Slope Rei 1kHz Gain (dB) 

Setting NL/L=l NL/L=O 

0 0.0 Rei 
1 0.4 1.4 

2 0.9 2.6 
3 1.4 3.7 

4 1.8 4.7 
5 2.3 5.5 

6 2.8 6.3 
7 3.4 7.2 

8 3.7 7.8 
9 4.2 8.4 

10 4.6 9.0 
11 5.0 9.5 

12 5.4 10.0 
13 5.8 10.5 

14 6.2 11.0 
15 6.6 11.4 

HT, BW Bits=O 

There isan additional bit, NLlL, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NLIL-O. These same response cUrves are 
shown in Figure 3with NLlL=l. Notice thatthe NLIL bit 
adds more droop in the highpass response below 2500 Hz. 

The family of response curvesgenerated by the height section 
are shown in Figure 4. There are 4 height select bitS, H3-HO. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 

Table 2. Typ. 1 kHz Gain for HT and OW Settings 

Relative 1 kHz G;un (dB) 

HTSetting 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 Rei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 
5 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 

f~ 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.1 
0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 

~8 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
9 0 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 

10 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 
11 0 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.1 

12 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 
13 0 0 0.1 Q.l 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.6 1.9 2.3 

14 0 0 0.1 0.1.0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 
15 0 0 0.1 0;10.20.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 

Slope Bits = 0 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-BO. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 

1.3.2 Transfer Function 
The transfer function for the ML2020 is shown below. This 
transferfun<:tion is validfor magnitude response only. The 
actual magnitude response from an individual device may 
deviate from the computed response from the transfer func
tion bytypicallyO~0.2dB. _ 

H (s) _ ~ x e (s + b) X [52 + h (wo/Q) s + w02J x [sin (ntlfe)J 
s+a b(s+e) ~+(wo/Q)s+~o2J (ntlfe) 

s = jx256000xtan (nf/128000) , 
a = 848.230 

COo - 20463.77 
fc = 128000 

b,c 
Q 
h 

See Table 3. 
See Table 4. 
See Table 5. 

(slope) 
(bandwidth) 
(height) 
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Table 3. Slope Response Factors (b, c) 
b 

S3-O NLll=O 

0000 2.371759E +03 
0001 1. 985920E +03 
0010 1.701779E+03 
0011 1.493571E+03 
0100 1.326721E+03 
0101 1.196668E +03 
0110 1.087277E+03 
0111 9.983588E+02 
1000 9.179889E+02 
1001 8.537864E+02 
1010 7. 966049E +02 
1011 7.478074E+02 
1100 7.035099E+02 
1101 6.651771E+02 
1110 6.299477E+02 
1111 5.990361E +02 

c 
53-0 NllL=O 

XXXX 2.371759E+03 

Table 4. ' Slope Response Factors (b, c) 
B3-0 Q 

0000 17.444906 
0001 15.386148 
0010 13.652451 
0011 11.593677 
0100 9.859960 
0101 8.017864 
ono 6.392453 
0111 5.092080 , 
1000 3.900003 
1001 3.141338 
1010 2.599369 
1011 2.165724 
1100 1.731965 
1101 1.406509 
1110 1.352248 
1111 1.297981 

TableS. Height Response Factors (h) 
Code h 

0000 1.000000 
0001 1.071519 
0010 1.148154 
0011 1.230269 
0100 1.318257 
0101 1:445438 
0110 1.603245 
0111 1.757924 
1000 1.949845 
1001 2.137962 
1010 2.317395 
1011 2.540973 
1100 2.786121 
1101 3.019951 
1110 3.311311 
1111 3.672823 

b 
NLll=l 

1.116280E +04 
9.345141E+03 
8.007156E +03 
7.026999E+03 
6.241681E+03 
5.629636E +03 
5. 114881 E+03 
4.696487E+03 
4.318339E +03 
4.016273E+03 
3.747249E +03 
3.517676E+03 
3.309279E+03 
3.128945E +03 
2.963214E+03 
2.81779iE+03 

c 
Nl/l=l 

1.116280E+04 

ML2020 

1.4 Smoothing Filter 
The equalizer filters are followed by a: continuous second 
order smoothing filter that removes the high frequency sam
ple information generated by the action of the switched ca
pacitor filters. This filter provides a continuous analog signal 
atthe output, VOUT . 

1.5 ,Output Buffer 
The final stage in the Ml2020 is the output buffer. This ampli
fier has internal gain of 1 and is capable of driving 600Q, 
100 pF loads. Thus, it is suitable for driving telephone hybrids 

'directly without any external amplifier. 

1.6 Bypass Mode 
The .illter sections can be bypassed by setting the bypass data 
bit, BP, to O. Since the switched capacitor filters are bypassed 
in this mode', frequency response effects of the switched 
capacitor filters are eliminat~d. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.7 Filter Clock 
The master clock, ClK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of ClK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee IJ 
accurate frequency response. The ClKSEL pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1:544MHz clock is used, CLKSEL should 
be set to logic level 0; and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, CLKSEL should 
be set to logic levell, and the internal clock rate is the same 
as the external clock rate.' , 

1.8 Serial I nterface 
The architecture of the digital section is shown in the preced
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the fi Iter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 

Note that bit 0 is the first bit of the data word clocked into the 
shift register. ' 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig
nal, LA TO, is high. The LATO pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done con
tinuously or in bursts. Since the shift register and latch 
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circuitfy inside the device is static, there are no minimum 
frequency requirements On the clocks or data pulses. How
ever, there is some coupling<,lfthedigital signals into the. 
analog section. If this c;ouplin$is undesirable, the dat~ can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency. 
range. . . . . .' 

SCK 

. SID. 

The clocks used to shift and latch data (SCK, LATI, lATO) are 
not related internally tothe master dock.anc:J Can occurasYrl
chronous to ClK. 

~TI ____ ~ ____ ~ ____ ~ ______________ ~ ____________ ~ ____________ ~rl~'~ ______ _ 
~ln-~----....,..,,------,------_--:----------------'--'---'----

SOD 

a) LOAD 

SCK 

SID 

",.' 

~TI---,--__ -------,---~~--_---------------~------

~ro ________ ~rl~: ___________________________________________________________ _ 

SOD 

b) READ 

Figure 6 .. Serial Timing 

NLiL S~PE BANDWIDTH HEIGHT BYPASS 
;-;-, --"-

NLiL S3 52 51 50 B3 B2 Bl DO H3 H2 Hl HO UP _FUNCTION 

I 

13 I 12 111 l;~ I 9 18 I 71 
6 I 5 I 4 I 3 2 

I 

1 
I ' 0 I_BIT NUM8E~ . 

Figure 7. 14-Bit latch 

POWERDOWN MODE 
A powerdown mode can be selected with pi~ PON. When 
PON = 1, the device is powered down. In this state, the power 
consumption is reduced by removing powedrom the analog 
section and forcing the analog output, VOUT, to a highimpe
dance state. While the device is in power doWn mode,the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, ClK, can be 
left active or removed during powerdown mode. When' 
PON = 0, the device is in normal operation. 

3-30 

POWER SUPPLIES 
The digital section inside the device is powered between Vee 
and GND, or 5 volts. The analog section is powered between 
Vee and Vss, or ±Svolts. The analog section uses AGND as 
the reference point. 

G N D and AG N D are totally isolated inside-thedevice to 
minimize coupling from the digital section into the. analog 
section .. Typically this .is less than 100,N. However, AGND 
and GND should be tied together physically nearthe device 
and close to the common power supply ground connection. 

The power supply rejection of Vee and Vs~to tH.e analog' 
output is greater than - 60dB at 1 kHz, typically. If decou
piing ofthe power supplies is still necessary in a system, Vee 
and Vss should be detoupled with respect to AGND. 
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ORDERING INFORMATION 
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PART NUMBER 

Ml2020CP 
Ml2020CS 
Ml20201) 
Ml20201P 
Ml20201S 

TEMP. RANGE 

O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 

'Micro 'Linear 

PACKAGE 

MOLDED DIP (P16) 
MOLDED SOIC (S18W) 
HERMETIC DIP ()16) 
MOlDED DIP (P16) 
MOLDED SOIC (S18W) 
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GENERAL DESCRIPTION 
The ML2021 is a monolithic analog line equalizer for 
telephone applications. The ML2021 consists of a 
switched capacitor filter that realizes a family of 
frequency response curves optimized for telephone 
line amplitude equalization while minimizing group 
delay. This ML2021 is the same function as the ML2020 
telephone equalizer without the 60Hz rejection filter. 

The ML2021 consists of a continuous anti-aliasing filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, a 600n driver, and a 
digital section for the serial interface. 

The equalization filters adjust the slope, height, and 
band-width of the frequency response. The desired 
frequency response is programmed by a digital 14-bit 
serial input data stream. 

The ML2021 is implemented in a double polysilicon 
CMOS technology. 

BLOCK DIAGRAM 

CLKSEL Vee AGND Vss 

I I I 
CLK 

V,N 

tAli 

14 

SID 14-BI1 SHIFT-REGISTER 

SCK tATO 

August 1992 

ML2021 

Telephone Line Equalizer 

FEATURES 
• Slope, height, and bandwidth adjustable 
• Optimized group delays (500 Hz to 6.4 kHz) 
• On chip anti-alias filter 
• Bypass mode 
• Low supply current 6mA typical from ±5V supplies 
• TIL/CMOS compatible interface 
• Double buffered data latch 
• Selectable master clock 1.544 or 1.536 MHz 
• Synchronous or asynchronous data loading 

capability 
• Compatible with Ml2003 and Ml2004 logarithmic 

gain/attenuator 
• Standard 16-pin 0.3" center molded or hermetic 

DIP and 18-pin sOle 
• ooe to +70oe and -40oe to +85°e operating 

temperature range 

PIN CONNECTIONS 

ML2021 
l6-pin DIP 

Your 

ML2021 
l8-pin sOle 

CLKSEL Vee 
SID PDN 
NC VOUT 

tATO AGND 
SCK NC 

SOD NC V,N 
SOD NC 
CLK Vss 

GND tATI 

TOP VIEW 
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PIN DESCRIPTION 
NAME 

ClKSEl 

SID 

LATO 

SCK 

SOD 

FUNCTION 

Clock select input. This pin selects 
the frequency of the ClK input. If 
ClK is 1.S36MHz, set ClKSEl~ 1. 
If ClK isl.544MHz, set 
ClKSEl~O. Pin has an internal 
pullup resistor to Vee. 

Serial input data. Digital inputthat 
contains serial data word which 
controls th~ filter frequency re
sponse setting. 

Output latch clock. Digital inp~t 
which loads the data word back 
into the shift registerfrom the 
latch. 

Shift clock. Digital input which 
shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

Serial output data. Digital output 
of the shift register. 

ClK Master clock input. Digital input 
which generates clocks for the 
switched capacitor filters. Fre
quency can be either 1.S44MHz 
or 1.S36MHz. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
Vcc ......................................... +6.5V 
~ ......................................... -~V 
AGND with Respect to GND ..................... ±0.5V 
AnaloglnputandOutput .......... Vss -O.3VtoVcc +O.3V 
DigitallnputandOutputs ........ GND-0.3VtoVcc+0.3V 
InputCurrentPerPin .......................... ±25mA 
Power Dissipation ............................. 750mW 
Storage Temperature Range ............. - 65° C to +150° C 
lead Temperature (Soldering 10 sec.) ................ 300° C 

NAME 

GND 

lATI 

Vss 

V1N 

AGND 

VOUT 

PON 

Vee 

FUNCTION 

Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. . 
Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 

Negative supply. -Svolts ±10%. 

Analog input. 

Analog ground. Ovolts. Analog 
input and.output are referenced to 
this ground. 

Analog output. 

Powerdown input. When PDN~l, 
device is in powerdown mode. 
When PDN ~ 0, device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 

Positive supply. 5 volts ± 10% 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
Ml2021Cp, Ml2021CS .................... O°Cto +70°C 
Ml2021IJ ............................ -40°Cto +85°C 

Supply Voltage 
Vcc ....................................... 4Vt06V 
Vss ..................................... -4Vto -6V 

3-34 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = T MIN to TMAX, Vcc=SV ±10%, Vss= -SV ±10%, Data Word: BP= 1, Other Bits =0, CL = 100pF, 
RL =600Q, dBm measurements use 600Q as reference load, VIN = -7dBm, 1 kHz sinusoid CLK= 1.S44MHz ±3OOHz and digi
tal time measured at 1.4 V 

SYMBOL PARAMETER CONDITIONS UNITS 

ANALOG 
SR Response, Slope Section 4 1 kHz response 

NUL 53 52 51 SO -- - - - -a a a a 1 1.4±0.1 dB 
a a a 1 a 2.6±0.2 dB 
a a 1 a a 4:7 ±0.2 dB 
a 1 a a a 7.B±0.2 dB 
a 1 1 1 1 11.4±0.25 dB 
1 a a a a 0±0.1 dB 
1 a a a 1 0.4±0.1 dB 
1 a a 1 a 0.9±0.2 dB 
1 a 1 a a 1.8±0.2 . dB 
1 1 a a a 3.7±0.2 dB· 
1 1 1 1 1 6.6±0.25 dB 

Referenced to 
a a a a a 

HR Response, Height Section 4 3250Hz respoQi,e referenced to 1 kHz 
response with BP= 1, other bits=O 

NUL H3 H2 H1 HO 
-- - - - -a a a a a a ± 0.15 dB 

a a a a 1 0.5 ± 0.2 dB 
a a a 1 a 1.1 ± 0.2 dB 
a 0 1 a a 2.3 ± 0.2 dB 
a 1 a a a 5.7 ± 0.3 dB 
0 1 1 1 1 11.1 ± 0.3 dB 

BR Response, Bandwidth 4 NUL B3 B2 B1 BO H3 H2 H1 HO 
Section (Q) -- --------

a a a a a 1 1 1 1 16.1±2.0 
a a a a 1 1 1 1 1 14.2±1.5 
a a a 1 a 1 1 1 1 12.6±1.5 
a a 1 a a 1 1 1 1 9.1±1.0 
a 1 a a a 1 1 1 1 3.6±0.5 
a 1 1 1 1 1 1 1 1 1.2 ±0.35 

PK BW Peak Frequency 4 H3thru HO=l 3230 3250 3270 Hz 

AG Absolute Gain, Flat 4 .5 to 4kHz -0.1 +0.1 +0.3 dB 
Response 

AGB Absolute Gain, Bypass Mode 4 0.3 to 4kHz, BP=O -0.1 +0.1 +0.3 dB 

ICN Idle Channel Noise 4 V1N=0 3 8 dBrnc 

V1N =0, all data bits = 1 9 dBrnc 
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ELECTRICAL CHARACTE RISTICS (Continued) 
Unless otherwise specified TA -TMIN to TMAX, Vcc=SV ±lD%, Vss= -SV ±1O%, DataWcird:BP=l, Other Bits=D, CL =l00pF, 
RL= 600Q, dBm measurements uSe 600Q <\5. reference load, VIN = -7dBm, 1 kHz sinusoid CLK= 1.S44MHz ± 300 Hz and digi
tal time measured at 1.4 V 

SYMBOL PARAMETER 

ANALOG 
HD Harmoni.;: Distortion 4 

Sp Signal to Distortion 4 

SFN. 5ingieFrequency Noise 5 

PSRR Power Supply Rejection 4 

ZIN . Input Impedance, VIN 4 

Vos Output Offset Voltage 4 

V INR Input Voltage Range 4 

Vosw Output Voltage Swing 4 

DIGITAL AND DC 
VIL Digital Input Low Voltage 4 

V IH Digital Input High Voltage 4 

VOl Digital Output Low Voltage 4 

VOH Digital Ou\putHigh Voltage 4 

ILCLK Input Current, CLK SEL 4 

ILPDN Input Current, PDN 4 

IL Input Current,AII Other Il;lputs 4 

Icc Vec Supply Current 4 

Iss Vss Supply Current 4 

Iccp Vcc Supply Current, 4 
Powerdown Mode 

Issp Vss Supply Current, 4 
Powerdown Mode 

AC CHARACTERISTICS 

toc Clock Duty Cycle 5 

.tSCK SCK On / Off Period 4 

ts SID Data Setup Time 4 

tH SID Data Hold Time 4 

tD SOD Data Delay 4 

tlPW LATI Pulse Width 4 

toPW I.ATO Pulse Width 4 

tlS,toS LATI, LATO Setup Time 4 

tlH,toH LATI, LATa Hold Time 5 

tpLD SOD Parallel Load Delay 4 

CONDITIONS 

VIN =5dBm, 1kHz 
Measure 2nd, 3rd, harmonk 
relative to fundamental 

V IN - -12dBm, 1 kHz +48 
C msg weighted 

VIN-O, 
4kHz .. frequency .. 150kHz 

2oomVp-p, lkHzsine, VIN=O 
onVec 
onVss 

100 

VIN-O 

±2.0 

RL -600Q ±2.0 

2.0 

1m =2mA 

IOH=-lmA· 4.0 

VIN=O 5 

VIN=VCC -5 

VIN = 0 to Vcc 

No output load, V1L =GND, 
VIH-VCC, VIN=O 

No output load, VIL =GND, 
VIH=VCC, VIN=O 

No output load, VIL - GND, 
VIH=VCC 

No output load, V 1L =GND, 
VIH=VCC 

40 

250 

50 

50 

0 

50 

50 

50 

50 

0 

-48 

-50 

-40 
-40 

±50 

. 
0.8 

0.4 

100 

.-100 

±10 

·10 

-10 

1.2 

-1.2 

60 

125 

125 

LIMIT 
UNITS 

dB 

dB 

dBm 

dB 
dB 

kQ 

mV 

V 

V 

V 

V 

V 

V 

,.,A 

,.,A 

,.,A 
mA 

mA 

mA 

mA 

% ... 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 1: Absolute maximum latings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respectto ground. 

Note 2: O°C to +70°C and - 40°C to +85°C operating temperature range devkes are 100% tested with temperature limits guaranteed by 
100% testing, sampling. or by correlation with worst-case test conditions. 

Note 3: Typkals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

NoteS: Parameterguaranteed. Parameters not 100% tested are not in outgoing quality level calculati0!1. 
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TIMING PARAMmRS ARE REFERENCED TO THE 1.4 VOLT MIDPOINt 

Figure 1. Serial Timing Diagram 
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Figure 2. Typical Slope Filter Response- NUL = 0 
83-80, H3-HO = 0000, 53-SO = 0000 to 1111. 
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Figure 3. Typical Slope Filter Response - NLll = 1 
83-80, H3-HO = 0000, 53-SO = 0000 to 1111. 
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Figure 4. Typical Height Filter Response- NLll = 0 
83-80, 53-SO = 0000; H3-HO = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 
The Ml2021 consists of a continuous anti-alias filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, an output driver, and 
a digital section for the serial interface. 

1.1 ANTI-ALIAS FIlTER 
The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical3dB frequency at 20kHz 
and 30dB of rejection at 124kHz. 

1.2 EQUALIZATION FILTERS 
The programmable filters implement a family of 
frequency response curves intended to compensate for 
the response of telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.2.1 RESPONSE OF SLOPE, HEIGH"!; AND 
BANDWIDTH 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, 53-
50. These bits alter the slope of the high pass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table i gives typical 1 kHz gain 
values for all slope settings. . 

Table 1. Typ; 1 kHz Gain for Slope Settings 

Slope Rei 1kHz Gain (dB) 

Setting NLlL=1 NLIL=O 

0 0.0 Rei 
1 0.4 1.4 

2 0.9 2.6 
3 1.4 3.7 

4 1.B 4.7 
5 2.3 5.5 

6 2.B 6.3 
7 3.4 7.2 

B 3.7 7.B 
9 4.2 B.4 

10 4.6 9.0 
11 5.0 9.5 

12 5.4 10.0 
13 5.B 10.5 

14 6.2 11.0 
15 6.6 11.4 

HI, BW Bits-O 

ML2021 

There is an additional bit, NUL, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NUL-D. These same response curves are 
shown in Figure 3 with NUL-1. Notice that the NUL bit 
adds more droop in the highpass response below 2500 Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-HO. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 

Table 2. Typ. 1 kHz Gain for HT and BW Settings 

Relative 1 kHz Gain (dB) 

HTSetting 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 Rei 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 
5 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 

.~6 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.1 
~7 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 

~8 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
9 0 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 

10 0 0 0 0 0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 O.B 
11 0 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 O.B 0.9 1.1 

12 0 0 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 O.B 1.0 1.1 1.4 1.6 
13 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.6 O.B 0.9 1.1 1.4 1.6 1.9 2.3 

14 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 
15 0 0 0.1 0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.B 2.1 2.5 

Slope Blts-O 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-BO. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250Hz peaked region. 

1.2.2 TRANSFER FUNCTION 
The transfer function for the Ml2021 is shown below. 
This transfer function is valid for m<!gnitude response 
only. The actual magnitude response from an individual 
device may deviate from the computed response from 
the transfer function by typically O-O.2dB. 

H (5) _ C (5 + b) X [52 + h (wo/Q) 5 + wo2] x [sin (nt/Ie)] 

b (5 + c) ~2 + (wo/Q) 5 + wo2] (nf/Ie) 

s = jx256000xtan (nf/128000) 
000 ..; 20463.77 
fc - 128000 

b,c See Table 3. 
Q See Table 4. 
h See Table 5. 

(slope) 
(bandwidth) 
(height) 
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Table 3. Slope Response Factors (b, c) 
b 

S3-0 NLlL=O 

0000 2. 371759.E +03 
0001 1. 985920E +03 
0010 1. 701779E +03 
0011 1.493571E+03 
0100 1.326721E+03 
0101 1.196668E +03 
0110 1.087277E+03 
0111 9. 983588E +02 
1000 9.179889E+02 
1001 8.537864E+02 
1010 7.966049E +02 
1011 7.478074E+02 
1100 7.035099E+02 
1101 6.651771E+02 
1110 6.299477E+02 
1111 5.990361E+02 

c 
S3-O NL/L=O 

XXXX 2.371759E+03 

Table 4. Slope Response Factors (b, c) 
B3-O Q 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

TableS. 
Code 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

3-40 

17.444906 
15.386148 
13.652451 
.11.593677 

9.859960 
8.017864 
6.392453 
5.092080 
3.900003 
3.141338 
2.599369 
2.165724 
1.731965 
1.406509 
1.352248 
1.297981 

Height Response Factors (h) 
h 
1.000000 
1.071519 
1.148154 
1.230269 
1.318257 
1.445438 
1.603245 
1.757924 
1.949845 
2.137962 
2.317395 
2.540973 
2.786121 
3.019951 
3.311311 
3.672823 

b 
NLlL=1 

1.116280E+04 
9.345141E+03 
8.007156E +03 
7.026999E+03 
6.241681E+03 
5.629636E+03 
5.114881E+03 
4.696487E +03 
4.318339E +03 
4.016273E+03 
3.747249E+03 
3.517676E +03 
3.309279E+03 
3.128945E+03 
2.963214E+03 
2.817797E+03 

c 
NL/L .. t 

1.116280E+04 

1.2.3 CROUP DELAY 
The difference between the ML2020 and ML2021 is the 
elimination of a 60Hz highpass filter in order to . 
eliminate positive group delay at low frequency. 

The group delay thrQugh the ML2021 can be minimized 
such that less than SOps of group delay can be 
achieved in both unloaded and cable loaded conditions 
relative to 1804Hz in the frequency range of 504 to 
3004Hz. Minimum group delays are dependent upon 
using the proper setting for slope, height, and 
bandwidth for a give equalization requirement. 

1.3 SMOOTHING FIITER 
The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam' 
pie information generated by the action of the switched ca· 
pacitor filters. This filter provides a continuous analog signal 
at the output, VOUT . 

1.4 OUTPUT BUFFER 
The final stage in the ML2020 is the output buffer. This ampli· 
fier has internal gain of 1 and·is capable of driving 600Q, 
100 pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 

1.5 BYPASS MODE 
The .f!!.ter sections can be byP'lssed by setti ng the bypass data 
bit, BP, to O. Since the switched capacitor filters are bypassed 
in this mode, frequency respohse effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.6' FILTER CLOCK 
The master clock, ClK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of ClK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The ClKSEl pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, ClKSEl should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, ClKSEL should 
be set to logic levell, and the internal clock rate is the same 
as the external clock rate. 

1.7 SERIAL INTERFACE 
The architecture of the digital section is shown in the preced
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, lATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 

'Micro Linear 



Note that bit a is the fi rst bit of the data word clocked into the 
shift register. 

The device has the capability to read olit the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig
nal, lATa, is high. The lATa pulse must occur when sCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
sCK. 

The loading and reading of the data word can be done con
tinuously or in bursts. Since the shift register and latch 

SCK 

SID 

LATI 

LATO 

SOD 

ML2021 

circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 

The clocks used to shift and latch data (sCK, lATI, lATa) are 
not related internally to the master clock and can occur asyn
chronous to ClK. 

n 

a) lOAD 

SCK 

SID 

LATI 

LAro n 
SOD 

b) READ 

Figure 6. Serial Timing 

NLil SLOPE BANDWIDTH HEIGHT BYPASS 

~~----------------~------------------------~~------~.~ 
NLil 53 S2 SI so B3 B2 Bl BO H3 H2 HI HO iiP - FUNCTION 

L..-.-13 -1-1--1.2 1-.,-11 ..1....-1 10---,-1 --1,9 1_8 ...L.-I 7---L..1 _6 1L..-.-5 -,-I 4---1..1_3 .1.--2 ......l-I ---1.1--10 1-BIT NUMBER 

Figure 7. 14-Bit latch 
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1.8 POWERDOWN MODE 

A powerdown mode can be selected with pin PON' When 
PON = 1, the device i's powered down. In this state, the power 
consumption is reduced by removing powerfrom the analog 
section and forcing the analog output, Vour. to a high impe
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, ClK, can be 
left active or removed during powerdown mode. When 
PON = 0, the device is in normal operation. . 

2.0 APPLICATIONS 
ML2004 

1.9 POWER SUPPLIES 

The digital section inside the device is powered between Vee 
and GND, or.Svolts.The analog section is powered between 
Vee and Vss, or .± 5 volts. The analog section uses AGND as 
the reference point. ., 

GND and AGND are. totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than lOO,",V. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vee and Vss to the analog 
output is greater than - 60d B at 1 kHz, typically. If decou
piing of the power supplies is still necessary in a system, Vee 
and Vss should be decoupled with respect to AGND. 

LOG GAIN/ATIEN 
Ml2021 

EQUALIZER 

/V\.._ Y,N VOUT I-- Y,N VOUT -N\. 

C .. 
~ c .. 

~ u u ;;; '" ;;;. '" 

IJ 
r-

iA' f-'-

." 

Figure 8. Typical Serial Interface 

Ml2021 OR MI2II04 Ml2021 OR Ml2l104 Ml2021 OR MI2II04 

, - Y,N .VOUT l- e Y,N YOUT I- - Y,N YOUT t'-
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~ 

c c .. 
~ 

c 
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Figure 9. Controlling Multiple ML2021 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 

PART NUMBER 

Ml2021CP 
Ml2021CS 
Ml20211j 
Ml20211P 
Ml2021IS 

TEMP. RANGE 

O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
-40°C to +85°C 
_40°C to +85°C 

'MicrO 'Linear 

PACKAGE 

MOlDED DIP (P16) 
MOlDED SOIC (S18W) 
HERMETIC DIP ()16) 
MOLDED DIP (P16) 
MOLDED SOIC (S18W) 

ML2021 

Il 
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GENERAL DESCRIPTION 
The ML2031 and ML2032 are monolithic tone detectors 
intended for telecommunication applications utilizing 4-
wire loopback capability. The device meets or exceeds 
the 4-wire Maintenance Terminating Unit (MTUf 
requirements outlined in BELL PUB 43004. 

These devices incorporate a 2713 Hz tone detector, clock 
oscillator, and uncommitted op amp in an B-pin DIP. No 
external components are required. 

The ML2031 or ML2032 can be used to detect frequencies of 
1004 Hz or 2600 Hz, as the tone detector frequency template 
from 1000 Hz to 4000 Hz is proportional to the frequency of 
the external clock. 

The ML2031 has two clock outputs. CLKoUT 1 is one half the 
frequency ofCLKIN, while CLKoUT2 is one eighth of the 
frequency of CLKIN. The ML2032 has an uncommitted op 
amp instead of the clock outputs. 

The ML2031 and ML2032 are implemented in a double 
polysilicon CMOS technology. 

BLOCK DIAGRAMS 
ML2031 

VIN+ 

eLKIN 

CLKoUTl CLKour2 

ML2031,ML2032 

Tone Detector 

FEATURES 
• Meets or exceeds BELL PUB 43004 requirements 
• Extended dynamic range detect -34dBm to +6dBm 

no detect ~ -40dBm 
• Frequency template (feLK IN = 12MHz) 

detect 2713 ± 10Hz 
no detect 2713 ± 36Hz 

• General purpose tone detect range of 1000Hz to 
4000Hz 

• Signal-to-guard ratio 8dBto 13dB 
• No external components required 
• Continuous anti-alias filter 
• 60Hz reject filter 
• ±5Vsupplies 
• Clock input 12.352 MHz, 1.544MHz, 

or a 12.352 MHz crystal 
• ML2031 has clock outputs of 1.544MHz and 

6.176MHz 
• Tone detection of 1000 Hz to 4000 Hz proportional 

to external clock 
• ML2032 has uncommitted op amp 
• 8-pin dual-in-line package 

ML2032 

VOUTO---....I 

eLKIN 
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PIN CONNECTIONS 

ML2031 ML2032 

vssD8 V'N+ 
CLKouTl 2 7 Vee 

CLKouT2 3 6 GNO 

TOEl 4 5 CLK'N 

V'N+D8 VOUT 
V'N- 2 7 Vee 

Vss 3 6 GNO 

TOEl 4 5 CLK'N 

lOP VIEW lOP VIEW 

PIN DESCRIPTIONS Ii 
ML2031 ML2032 

PIN NO. NAME FUNCTION PIN NO. NAME FUNCTION 

1 Vss Negative supply. - 5 V ± 10% VIN+ Positive Analog input. Positive 
2 CLKoUT1 Clock output. Digital output from input to the uncommitted op amp. 

oscillator divided by 2. 2 VIN- Negative Analog input. Negative 
3 ClKoUT2 Clock output. Digital output from input to the uncommitted op amp. 

oscillator divided by 8. 3 Vss Negative supply. - 5 V ± 10% 
4 TDET Tone detect output. Digital output 4 TDET Tone detect output. Digital output 

which indicates when valid which indicates when valid 
2713 Hz tone is present on analog 2713 Hz tone is present on analog 
input. input. 

5 ClKIN Clock input. Internal clock can be 5 ClKIN Clock input. Intemal clock can be 
generated by tying a 12.352 MHz generated by tying a 12.352 MHz 
crystal between this pin and GND, crystal between this pin and GND, 
or by applying a 12.352MHz or or by applying a 12.352 MHz or 
1.544MHz clock to this pin. 1.544MHz clock to this pin. 

6 GND Ground. Analog and digital inputs 6 GND Ground. Analog and digital inputs 
and outputs are referenced to this and outputs are referenced to this 
point. point. 

7 Vee Positive supply. +5 V ± 10% 7 Vee Positive supply. +5V±10% 
8 VIN+ Analog input. 8 VOUT Analog output. Output of the 

uncommitted op amp. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Supply Voltage Temperature Range (Note 2) 
Vcc ......................................... +6.SV Ml2031Cp, Ml2032CP .................... 0° C to + 70° C 
Vss ......................................... -6.SV Ml20311j, Ml20321j .................... -40°Cto +85°C 
Analog Input and Output ...... , ... Vss -O.3VtoVcc +O.3V Supply Voltage 
DigitallnputandOutputs ............. -O.3VtoVcc +O.3V Vcc ....................................... 4Vt06V 
Input Current Per Pin .......................... ±25mA Vss .................................... -4Vto -6V 
Power Dissipation ., ........................... 750mW 
Storage Temperature Range ........ :.... - 65° C to +150° C 
lead Temperature (Soldering 10 sec.) ................ 300° C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA= TMIN to TMAX, Vcc=5V±10%, Vss= -5V±10%, ClKIN=12.352MHz±1200Hz, or 
ClKIN = 1.544MHz ± 150Hz, Cl = 100pF, dBm measurements use 600Q as reference load, uncommitted op amp in unity gain 
configuration. 

SYMBOL PARAMETER CONDITIONS UNITS 

TONE DETECT 

fTD Tone Detection Frequency 4 VIN = +6dBm to -34dBm 2703 2723 Hz 

fTR Tone Rejection Frequency 4 2679 2747 Hz 

ATD Torie Detection Amplitude' 4 VIN = 2703 Hz to 2723 Hz ~34 +6 dBm 

ATR Tone Rejection Amplitude 4 -40 dBm 

SGM Signal to Guard Margin 4 800 Hz 8 13 dB 
1400 Hz 8 13 . dB 
2000 Hz 8 13 dB 
2450 Hz 8 13 dB 
Signal = -13 dBm, 2713 Hz. 
See BEll PUB 43004 sec. 2.4 
for test method 

SFI SF Tone Immunity 5 VIN + = 2600 Hz +6 dBm 
No tone detect 

tTD Tone Detect Delay 4 VIN+ = ~dBm, 2713 Hz 0 10 30 ms 
Figure 1 

tTR Tone Removal Delay 4 VIN+ = ~dBm, 2713 Hz 0 4 30 ms 
Figure 1 

OPAMP 

VINR Input Voltage Range 5 ±3 V 

Vosw Output Voltage Swing 4 Ml2032 Only ±3 V 

Vos Input Offset Voltage 4 Ml2032 Only ±20 mV 

ZIN Input Impedance 4 1 Mn 

AVOl DC Open loop Gain 4 1k 5k VIV 

fUG Unity Gain Frequency 5 0.5 1 MHz 

ICN Noise- S C msg weighted -9 -3 dBrnc 
Input Referred 1kHz 375 nv/y'Hz 

346 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA ~ T MIN to T MAX, Vcc~5V ± 10%, Vss~ -5V ±10%, ClKIN ~ 12.352MHz ± 1200 Hz, or 
ClKIN ~ 1.544MHz ± 150Hz, CL ~ 100pF, dBm measurements use 600Q as reference load, uncommitted op amp in unity gain 
configuration. 

SYMBOL PARAMETER CONDITIONS UNITS 

DIGITAL AND DC 

VIL Input low Voltage, ClKIN 4 1.5 V 

VIH Input High Voltage, ClKIN 4 3.5 V 

liN Input Current, ClKIN 4 ClKIN = l.5V to 3.5V 10 60 fJA 

ClKIN = 0 to l.5V; 3.5V to Vee 150 500 fJA 

CIN Input Capacitance, ClKIN 5 11 pF 

VOL Output low Voltage 4 1m = -2mA 0.4 V 

VOH Output High Voltage 4 IOH = 2mA 4.0 V 

lee Vee Supply Current 4 No output load 7.5 mA 

Iss Vss Supply Current 4 No output load -4.5 mA 

CLOCK OUTPUT 

fCLK1 ClKoUT 1 Output Frequency 4 Figure 2 V, V2 fCLK1 

fCLK2 ClKOUT2 Output Frequency 4 Figure 2 Va Va fCLK1 

t1R CLKOUT 1 Output Rise Time 4 Figure 2, CL = SOpF 0 20 ns 

t1F ClKoUT1 Output Fall Time 4 Figure 2, CL = SOpF 0 20 ns 

t2R ClKOUT2 Output Rise Time 4 Figure 2, CL = 50pF 0 20 ns 

t2F CLKoUT2 Output Fall Time 4 Figure 2, CL = 50pF 0 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: O°C to +70°C and - 40°C to +8SoC operating temperature range devices are 100% tested with temperature limits guaranteed by 
100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation . 
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TIMING DIAGRAMS 

1 

~no~ ~nR~ 
I "I I I 

y~----------~~~ TDET 

no MEASURED FROM Y,N + ZERO CROSSING 10 1.4Y MIDPOINT ON TDET 
nR MEASURED FROM 1.4Y MIDPOINT ON TDET TO ZERO CROSSING ON Y,N + 

Figure 1. Tone Detect Timing 

ClK,N 

I 

" 

CLKOUyl I \ \ / \ / 
~--~ ~---- --~~ 

1+!.----------------fClK2---~------------____i I II 

1 ClKOUY2! "'II: 
it"--------.;.....---~ --I ~12' "-I1-12F 

11f, 11., I:!~ I:!R MEASURED BETWEEN 0.8 and 2.0VOLT TRANSITION POINTS 
All OTHER PARAMETERS REFERRED 10 1.4Y MIDPOINT 

Figure 2. Digital Clock Output Timing 

TYPICAL PERFORMANCE CURVE 
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~ 
Z 
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100 f----~CC~5V TA=25°C 
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-SO 

-100 
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-200 
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./ 

2 3 4 

INPUT VOLTAGE (V) 

Figure 3. CLKIN Input Current vs. Input Voltage 
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1.0 FUNCTIONAL DESCRIPTION 
The Ml2031 has a divide by 2 and divide by 8 clock output to 
drive external devices. The Ml2032 has an uncommitted op 
amp. Refer to the block diagram. 

1.1 Uncommitted OpAmp 
The Ml2032 features an uncommitted op amp. The Ml2031 
has the op amp connected in the unity gain configuration 
(VIN - internally tied to VOUT). 

The uncommitted op amp is a general purpose amplifier that 
can be used to interface the device with the analog tele
phone line. It has a high impedance input, a 0.5 MHz unity 
gain bandwidth, will drive a 1 k, 100pF load, and the input 
and output can swing within 1.5 V of the supplies. 

1.2 Anti-Alias Filter 
The anti-alias filter is a continuous second order low pass 
designed to prevent high frequency signals at the input from 
being aliased into the passband by the sampling action of the 
switched capacitor filters. Thetypical3dB cornerfrequency 
is 25 kHz and the typical rejection at 124kHz is -30dB. 

1.3 60Hz Reject Filter 
The 60 Hz reject filter is a switched capacitor second order 
high pass designed to reject 60 Hz line interference on the 
analog input. The typical 3 dB corner frequency is 300 Hz 
and the typical rejection at 60 Hz is - 24dB. 

1.4 Tone Detector 
The tone detector is a monolithic block designed to indicate 
when a valid 2713 Hz tone is present on the analog input. A 
tone is valid if the following criteria are met: 

1. 2713 Hz tone satisfies amplitude vs. frequency tone 
detector template shown in Figure 4. 

2. The non-2713 Hz out of band energy present on the 
input is sufficiently small enough compared to the 
2713 Hz tone (signal to guard margin). 

The tone detector consists of 2713 Hz bandpass and notch 
filters, tone and guard peak detectors, tone and guard 
comparators, reference, and digital output buffer. 

The analog signal first goes through the 2713 Hz bandpass 
and notch switched capacitor filters. The bandpass filter 
outputs any 2713 Hz signal (tone), and the notch filter outputs 
any non-2713 Hz signals (guard) in the range of 300-4500 Hz, 
respectively. 

-Hz_ 
2679 2747 

I I ~:::UB 2676 2750: 
+6-0 

-5- ~MI2031, 
M12032 

dBm 

I -24-

Figure 4. Tone Detector Template 

M12031, ML2032 

The tone and guard signals then go to peak detectors which 
output a DC voltage proportional to the 2713 Hz and non-
2713 Hz energy present on the analog input. 

The tone comparator compares the tone energy to a fixed 
reference value to determine if it meets the amplitude 
requirements for tone detection shown in Figure 4. 

The guard comparator compares the tone energy to the 
guard energy to determine if the signal to guard margin is 
met. 

If both comparators indicate that a 2713 Hz tone and no out 
of band energy exists, the TDET output goes high indicating 
valid tone detection. If the signal comparator indicates insuffi
cient signal energy or the guard comparator indicates too 
much out of band energy, then the TDET output stays low 
indicating invalid tone output. 

1.5 Crystal Oscillator/Clock Generator 
The crystal oscillator / clock generator generates the necessary 
internal clocks from either an external clock or an external 
crystal. 

If an external clock input is used to drive ClKIN, the input 
frequency can either be 12.352MHz or 1.544MHz in order to 
meet the frequency template. The device has an internal 
frequency sense circuit that can sense the difference between 
12.352MHz and l.544MHz and makes the necessary _ 
changes in the clock generator to accomodate either _ 
frequency at the input. 

If a crystal is used, a 12.352MHz crystal must be connected 
between ClKIN and GND. This unique 1-pin crystal oscillator 
does not generally require any external capacitors or other 
external components to meet the frequency template. The 
crystal should be physically placed as close as possible to the 
ClKIN pin to minimize stray inductances and capacitances. 

The crystal must have the following characteristics: 

1. Parallel resonanttype 

2. Frequency: 12.352000MHz 

3. Tolerance: ±0.005%@25°C 

4. Less than 0.005% variation over desired temperature 
range 

5. Maximum equivalent series resistance of 15 Q at a drive 
level of 1 lAW to 200 lAW 

6. Maximum equivalent series resistance of 30Q at drive 
levels of 10 nW to 1 lAW 

7. Typical load capacitance: 18pF 

8. Maximum case capacitance: 5 pF 

The frequency of oscillation will be a function of the crystal 
parameters and board capacitance. If the final oscillation 
frequency is different than the ideal 12.352 MHz, the tem
plate frequencies will change according to the formulas out
lined in section 1.6. If the crystal meets the above 
recommended parameters and typical PC board capacitance 
from ClKIN to GND is 2pF, then the device will meetthe 
template specifications. Crystals that meet these require
ments are M-tron 3709-01012.352 for O°C to +70°C and 
3709-02012.352 for - 4Q°C to +85°C operation. 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 

The Ml2031 has two clock outputs that can be used to drive 
other external devices. The ClKoUT 1 output is a buffered 
output from the oscillator divided by 2. The ClKoUT2 output 
is a buffered output from the oscillator divided by 8. If a 
12.352MHz clock or crystal is used, ClKouT1 =6.176MHz 
and ClKoUT2 = 1.544MHz. 

1.6 Detecting Tones from 1000 Hz to 4000 Hz 

The tone detector frequency template shown in Figure 5 is 
proportional to the frequency of ClKIN' Thus, the device can 
be set to a center frequency (other than 2713 Hz) by adjusting 
ClKIN frequency. 

The external clock frequency, fClKIN, needed to produce a 
given center frequency, can be calculated by: 

fClKIN =fe x4552.893 

once fClKIN has been determined, the other template fre
quency points shown in Figure 5 can be calculated by: 

fDL =fClKINX2.18831xlO- 4 

fDU = fClKIN x 2.20450 X 10-4 

fRL =fClKIN x2.16888x10-4 

fRU =fClKIN x 2.22393 X 10-4 

The above formulas are valid for center frequencies with the 
range of 1000Hz to 4000Hz. The internal divide by 8 cir
cuitry may be bypassed by applying a clock that is one eighth 
of the above calculated values. 

When the required ClKIN frequency calculated above is less 
than 6MHz, the internal frequency sense circuit may be-

2.0 APPLICATIONS 

Ml2031 
Ml2032 
TONE 

DETECTOR 

Ml2003 
Ml2004 
Ml2008 
Ml2009 

ATTENUATION 
{GAIN 

come enabled causing the detection of an erroneous center 
frequency. In this case, the divide by 8 function cannot be 
used and only the lower clock frequency may be used. For 
example, for a 1004Hz tone detector, the clock frequency 
applied must be 571 kHz. 

1.7 Power Supplies 
The analog circuits in the device run from +5 to - 5 (Vee to 
Vss) and are referenced to GND. 

The digital circuits in the device run from +5 to 0 (Vee to 
GND). 

It is recommended that the power supplies to the device be 
bypassed by placing decoupling capacitors from Vee to GND 
and Vss to GND as physically close to the device as possible. 

dBm 

I 

--_0 Hz 

fRl fRU 

~ fDl fc fDU 

+6-

-34 -

-40 - ~ 
FigureS. Tone Detector Template 

Ml2020 
LINE 

EQUALIZER 

lOOPBACK 
RELAY 

~ 
Detect 
Region 

~ 
No Detect 
Region 

Figure 6. 4-Wire Termination Equipment 
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ORDERING INFORMATION 

PART NUMBER 

Ml2031CP 
ML20311P 
ML2032CP 
Ml20321P 

TEMP. RANGE 

O°C to +70°C 
. -40°C to +85°C 

O°C to +70°C 
-40"C to +85°C 

'Micro Lin,ar 

ML2031, ML2032 

PACKAGE 

MOLDED DIP (P08) 
MOLDED DIP (P08) 
MOLDED DIP (P08) 
MOLDED DIP (P08) 
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PRELIMINARY 

Ml2035,Ml2036 

,Programmable Sinewave Generator 

GENERAL DESCRIPTION 
The frequency of these monolithic sinewave generators 
is programmable for the Ml2035 from DC to 25kHz 
and for the Ml2036 from DC to 50kHz. No external 
components are required. 

The frequency of the sinewave output is derived from 
either an external crystal or clock input, thus providing 
a stable and accurate frequency reference. The 
frequency is programmed by a 16-bit serial data word. 

The Ml2035 is packaged in an 8-pin DIP and has a 
Your amplitude of ±Vccl2. 

The Ml2036 provides for a Your amplitude of either 
±VREF or ±VREF/2. Also included with the Ml2036 is an 
inhibit input which allows 'the sinewave output to be 
held at zero volts after completing the last half cycle of 
the sinewave preventing steps in voltage. Two pins of 
the Ml2036 are clock outputs designed to drive other 
devices with one half or one eighth of the clock input 
frequency. 

The Ml2035,and Ml2036 are intended for 
telecommunications and modem applications that need 
low cost and accurate generation of precise test tones, 
call progress tones, and signaling tones. 

BLOCK DIAGRAMS 
ML2035 

SCK 

FEATURES 
• Programmable frequency DC to 50kHz 
• Frequency resolution with 

fCLKIN = 12MHz (±.75 Hz) 1.5Hz 
• Absolute gain error ' ±.1dB max 
• Harmonic distortion -45dB max 
• Output voltage amplitude of ±VREF or ±VREF/2 
• On chip crystal oscillator 3 to 12MHz 
• Ml2036 has clock outputs of 1/2 or 1/8 of the 

input clock frequency 
• No external components required 
• J1P compatible serial interface 
• Double buffered data latch 
• Synchronous or asynchronous data loading 

capability 
• Power dissipation 50mW max from ±5V supplies 
• Compatible with ML2031 and ML2032 tone 

detector, and Ml2004 logarithmic gain/attenuator 
• TIL/CMOS compatible inputs 
• Ml2035 package 8-pin DIP; Ml2036 14-pin DIP or 

16-pin SOIC 
• O°C to +70°C or -4Q°C to +85°C operating 

temperature range 

ML2036 

SCK PON-INH 

3-52 
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PIN CONNEOIONS 

Ml2035 
8-Pin DIP 

vssDs CLKIN 
SCK 2 7 GND 

SID 3 6 Vour 

LAlI 4 5 Vee 

TOP VIEW 

Ml2036 
14-Pin DIP 

Vss ClKIN 

GAIN 

ClKOUTl DGND 

CLKour2 AGND 

SCK VOUT 

SID VREF 

LATI Vee 

TOP VIEW 

Ml2036 
16-Pin SOIC 

NC eLKIN 

Vss GAIN 
PON-INH NC 
CLKourl DGND 
ClKOUT2 AGND 

SCK Your 
SID VREF 

LAlI Vee 

TOP VIEW 

ML2035, ML2036 

PIN DESCRIPTIONS 
Ml2035 

PIN 
NO. 

1 

2 

3 

4 

5 

6 
7 

8 

Ml2036 

PIN NO. 

NAME 

Vss 
SCK 

SID 

LATI 

VCC 

VOUT 
GND 

ClKIN 

FUNCTION 

Negative supply. -5V ± 10%. 

Serial clock. Digital input which clocks 
in serial data on rising edges. 

Serial data. Serial input data which 
programs the frequency of VOUT. 
Serial latch. Digital input which latches 
serial data into the internal data latch 
on falling edges. 

Positive supply. +5V ± 10%. 

Analog output. Your swing is ±Vccl2. 
Ground. 0 volts. All inputs and outputs 
referenced to this point. 

Clock input. Internal clock can be 
generated by tying a 3 to 12MHz crystal 
from this pin to GND or applying a 
clock directly to the pin. 

DIP SOIC NAME FUNCTION 

2 

2 3 

3 4 

4 5 

5 6 

6 7 

7 8 

8 9 

9 10 

10 11 

11 12 

12 13 

13 15 

14 16 

VS5 Negative supply. -5V ± 10%. 

PDwlNH Three level input. Controls inhibit 
mode and power down mode. Current 
source pull up to Vcc. 

ClKoUT1 Clock output. Digital output from 
internal clock generator that can drive 
other devices. fCLKOUT1 = fCLKIN/2' 

ClKoUT2 Clock output. Digital output from 
internal clock generator that can drive 
other devices. fCLKOUT2 = fCLKIN/B' 

SCK Serial clock. Digital input which clocks 
in serial data on rising edges. 

SID Serial data. Serial input data which 
programs the frequency of Your. 

LATI Serial latch. Digital input which latches 
serial data into the internal data latch 
on falling edges. 

Vcc Positive supply. +5V ± 10%. 

VREF Reference input. The voltage on this 
pin determines the peak-peak swing on 
VOUT. VREF can be tied to Vcc. 

Your Analog output. 

AGND Analog ground. 0 volts. Analog inputs 
and outputs referenced to this point. 

DGND Digital ground. 0 volts. Digital inputs 
and outputs referenced to this point. 

GAIN Sets VOUT peak amplitude to VREF or 
VREF/2. Current source pull down to 
DGND. 

ClKIN Clock input. Internal clock can be 
generated by tying a 3 to 12MHz crystal 
from this pin to DGND or applying a 
clock directly to the pin. 

'Micro Linear 
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Mt2035, ,Ml2036 

ABSOLUTE MAXIMUM, RATINGS Lead Temperature (Soldering 16 sec) 
(Note 1) Dual-In-Line Package (Molded) ...................... 260°C 

Dual-In-Line Package (Ceramic) ............ , . . . . . . .. 300°C 
Supply Voltage Molded Small Outline IC Package 

Vee ................• , ...................... , ......... +6.5V· 
Vss .............................................. ." ... -6.5V 

Vapor Phase (60 sec) .............................. 215°C 
Infrared (15 sec) ................................... no°c 

Analog Input and' Output ........ Vss - O.3V to Vee + O.3V . 
AGND Voltage ................................. Vss to Vee OPERATING CONDITIONS 
Digital Inputs and Outputs .. ' ......... ; -O.3V to Vee + O.3V 
Input Current per .Pin .... ,........................ ±25mA Temperature Range (Note 2) 
Power Dissipation .......... ,...................... 750mW ML2035Cp, ML2036Cp, ML2036CS ..•.......... O°C to +70°C 
Storage Temperature Range .............. -65°C to +150°C ML20351), ML20361) ........................ -40°C to +85°C 

ML2035 ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = T MIN to T MAl(, Vee = sv ± 10%, VSS = -SV ± 10%, CLKIN = 12.3S2MHz, VOUT load 
CL = 100pF and RL = 1k, all digital timing measured at 1.4V midpoint, and input control signals from 10% to 90% of 
Vee with tR = tF = 20ns. 

SYMBOL PARAMETER CONDITIONS UNITS 

Sinewave Generator 

HD Harmonic Distortion 4 2nd or 3rd 
fOUT = 20Hz to 5kHz -45 dB 

Harmonic 
Relative to 

fOUT = 5kHz to 25kHz 
. 

-40 dB Fundamental 

SND Signal to Noise + 4 200Hz :5 fOUT :5 3400Hz, noise -45 dB 
Distortion meaSured 200Hz to 4kHz 

20Hz :5 fOUT :5 25kHz, noise -40 dB 
measured 20Hz to 75kHz 

ICN Output Idle Channel Noise 4 Power Down Mode, Cmsg weighted -20 0 dBrnc 

Power Down Mode, 1kHz 50 nV/.jHz 

PSRR Power Supply Rejectiori 5 200mVp_p, 0-10kHz sine, I Vee -40 dB 
Ratio measured on VOUT 

Ivss -40 dB 

Vas VouTOffset Voltage 4 ±75 mV 

VPK Your Peak Voltage 
'. 

±Vecl2 V 

VCN V OUT Gain Error 4 Relative I fOUT = 20Hz to 5kHz ±.1 dB 
to Vee I fOUT = 5kHz to 25kHz ±.3 dB 

Digital and DC 

VuJCLK Input Low Voltage, eLKIN 4 1.5 V 

VIH,CLK Input High Voltage, CLKIN 4 3.5 V 

IIN,eLK Input Current, CLKIN 4 CLKIN = 1.5V to 3.5V 10 60 pA 

CLKIN = 0 to 1.5V; 3.5V to Vee 250 pA 

CIN,CLK Input Capacitance, CLKIN 5 12 pF 

VIL Input Low Voltag.e 4 .8 V 

VII·j Input High Voltage 4 2.0 V 

IlL Input Low Current 4 VIN = OV -1 pA 

IIH I~put High Current 4 VIN = Vee 1 pA 

CIN Digital Inp~t Capacitance 5 pF 

VOL Output Low Voltage 4 IOL = -2mA 0.4 V 

VOH Output High Voltage 4 IOH = 2mA 4.0 V 
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ML2035 ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMNV Vee = sv ± 10%, Vss = -SV ± 10%, ClKIN = 12.3S2MHz, VOUT load 
CL = 100pF and RL = 1k, all digital timing measured at 1.4V midpoint, and input control signals from 10% to 90% of 
Vee with tR = tF = 20ns. 

SYMBOL PARAMETER CONDITIONS UNITS 

Digital and DC (Continued) 

ICC V cc Supply Current 4 No output load, Vcc = 5.5V 5.5 mA 

Iss VSS Supply Current 4 No output load, Vss = -5.5V, -3.5 mA 
Vcc = 5.5V 

IcC! Vcc Supply Current, Power 4 No Output load, Power Down Mode 2.0 mA 
Down Mode 

1551 Vss Supply Current, Power 4 No Output load, Power Down Mode -100 IlA 
Down Mode 

Digital Timing 

tCKI ClKIN On/Off Period 4 tR = tF = 10ns, 2.5V midpoint 30 ns 

tSCK SCK On/Off Period 4 100 ns 

tDS SID DATA Setup Time 4 50 ns 

tDH SID DATA Hold Time 4 50 ns 

tLPW LATI Pulse Width 4 50 ns 

tLH LATI Hold Time 4 50 ns 

tLS lATI Setup Time 5 50 ns 

'Micro Linear 
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ML2036 ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = TMIN to TMAJ(, Vee = 5V ± 10%, Vss = -5V ± 10%, AGND = DGND = Ov, VREF = 2.5V 
to Vee, and CLKIN = 12.352MHz, VOUT load CL = 100pF and RL = 1k, all digital timing measured at 1.4V midpoint, and 
input control signals from 10% to 90% of Vee with tR = tF = 20ns. 

SYMBOL PARAMETER CONDITIONS UNITS 

Sinewave Generator 

HD Harmonic Distortion 4,6 2nd or 3rd 
fOUT = 20Hz to 5kHz -45 dB 

harmonic 
relative to 

fOUT = 5kHz to 50kHz -40 dB fundamental 

SND Signal to Noise + 4,6 200Hz:::: fOUT :::: 3400Hz, noise -45 dB 
Distortion measured 200Hz to 4kHz 

20Hz:::: fOUT :::: 50kHz, noise -40 dB 
measured 20Hz to 150kHz 

ICN Output Idle Channel Noise 4 Power down mode, Cmsg weighted -20 0 dBrnc 

Power down mode, 1kHz 50 nV/y'Hz 

Inhibit mode, 1kHz 500 nV/y'Hz 

PSRR Power Supply Rejection 5 200mVp_p, 0 to 10kHz sine, I Vee -40 dB 
Ratio measured on VOUT IVss -40 dB 

Vos VOUT Offset Voltage 4,7 ±25 + (±10 mV 
x VOUTP-P) 

VPK VOUT Peak Voltage 6 GAIN = Vee ±VREF V 

GAIN = DGND ±VREF/2 V 

Vsw VOUT Swing 5 GAIN = Vee Vss+1.5V Vee-1.5V V 

VGN VOUT Gain Error 4,6 fOUT = 20Hz to 5kHz ±.1 dB 

fOUT = 5kHz to 50kHz ±.3 dB 

RREF Reference Input Resistance 4 2.5 12 MO 

Digital and DC 

Vll,ClK Input low Voltage, ClKIN 4 1.5 V 

VIH,ClK Input High Voltage, ClKIN 4 3.5 V 

IIN,CLK Input Current, ClKIN 4 ClKIN = 1.5V to 3.5V 10 60 flA 

ClKIN = 0 to 1.5V; 3.5V to Vee 250 flA 

CIN,ClK Input Capacitance, ClKIN 5 12 pF 

Vll Input low Voltage 4 LATI, SID, GAIN, SCK .8 V 

VIH Input High Voltage 4 LATI, SID, GAIN, SCl 2.0 V 

III Input low Current 4 VIN = Ov, LATI, SID, GAIN, SCK -1 flA 

IIH Input High Current 4 VIN = Vee, LATI, SID, PDN-INH, SCK 1 flA 

111-' PDN Input Low Current 4 PDN-INH, VIN = OV -70 -20 -5 flA 

IIH, G Input High Current 4 GAIN, VIN = Vee 5 20 70 flA 

VI1 Input logic low PDN-INH 4 DGND-.5 .8 V 

VI2 Inhibit State Voltage 4 Vss+.5 V 
PDwlNH 

VI3 Input logic High PDN-INH 4 2.0 V 

CIN Digital Input Capacitance 5 pF 

VOL Output low Voltage 4 IOL = -2mA 0.4 V 

VOH Output High Voltage 4 IOH = 2mA 4.0 V 
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ML2036 ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = TMIN to TMAJV Vcc = 5V ± 10%, Vss = -5V ± 10%, AGND = DGND = 0\1, VREF = 2.5V 
to Vce. and CLKIN = 12.352MHz, VOUT load CL = 100pF and RL = 1k, all digital timing measured at 1.4V midpoint, and 
input control signals from 10% to 90% of Vcc with tR = tF = 20ns. 

SYMBOL PARAMETER CONDITIONS UNITS 

Digital and DC (Continued) 

Icc Vcc Supply Current 4 No output load, Vcc = VREF = 5.5V 5.5 mA 

Iss Vss Supply Current 4 No output load, Vss = -5.5Y, -3.5 mA 
Vcc = VREF =5.5V 

IcCi V cc Supply Current, No output load, power down mode 2.0 mA 
Power Down Mode 

1551 Vss Supply Current, No output load, power down mode -100 IlA 
Power Down Mode 

DigitaJ liming 

tCKI CLKIN On/Off Period 4 tR = tF = 10ns, 2.5V midpoint 30 ns 

tSCK SCK On/Off Period 4 100 ns 

tDS SID DATA Setup Time 4 50 ns 

tDH SID DATA Hold Time 4 50 ns 

tLPW LATI Pulse Width 4 50 ns 

tLH LATI Hold Time 4 50 ns 

tLS LATI Setup Time 5 50 ns 

dock Output 

fCLK1 CLKour 1 Output Frequency 4 Figure 2 'h 'h fCLKIN 

fCLK2 CLKour2 Output Frequency 4 Figure 2 V. 'Is fCLKIN 

tllV t2R CLKoun CLKoun, 5 CL =40pF, 10% and 90% transition point 0 20 ns 
Output Rise Time 

4 CL =loopF, 0.8V and 2.0V transition point 0 20 ns 

tlF, t2F CLKoun CLKOUTZ, 5 CL =40pF, 10"10 and 90% transition point 0 20 ns 
Output Fall Time 

4 CL =l00pF, 0.8V and 20V transition point 0 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impair,ed. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: O°C to +700C and -40°C to +8S0C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 
testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 2S°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Maximum peak-to-peak voltage for output sinewave is VOUTP_P $ (12SkV x Hz)/fouT. For example at 50kHz output the maximum 

guaranteed voltage swing is 2.SVp_p• 

Note 7: Offset voltage is a function of the peak-to-peak output voltage, for example if VOUTP-P = 2.S\I, Vos = ±SOmV max. 
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TIMING DIAGRAMS 

ClKlN 

SCk 

SID 

IAn 

Figure 1. Serial Interface Timing 

.....-----..\ -.1 ~11R -:11'-_'lf ~/ 
ClKoUTI \'-__ -' \'-__ -' . ¥ ~ . \..,.. . ....-__ 
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tnK PARAMETERS REFERRED TO 1.4V MIDPOINT 

Figure 2. Ml2036 Digital Clock Output Tming 

TYPICAL PERFORMANCE 
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Figure 3. ClKIN Input Current vs. Input Voltage 

'Micro Linear 



ML2035, ML2036 

1.0 FU NcrlONAl DEseRI PTION 
The Ml2035 and Ml2036 are composed of a 
programmable frequency generator, sinewave generator, 
crystal oscillator, and serial digital interface. The Ml2035 

and Ml2036 frequency and sinewave generator 
functional block diagram is shown in figure 4. 

81NARI' 
PHASE ACCUMULATOR 

PHASE SAMPLES 
(78ITS) 

fREF 

SINEWAVE 
OUTPUT 

SIGN BIT 

SIGN 
81T 

INPUT TO 
QUADRANT 

COMPLEMENTOR 

~ 
-+lI+-T=~ 

fREf 

INPUT TO 
ROM 

,(~h"r~tl-

INPUT TO 
SIGN 

COMPLEMENTOR 

,1TrrrYrnrfl, 
INPUT TO 
OUTPUT 

lATCH 

1t1T~~\ 
\U1W 

INPUT TO 
DIA 

CONVERTER 

,fnTnl~lUjJ 

PICTORIAt 
PRESENTATION 
OF 
DIGITAt DATA 

INPUT TO 
LOW-PASS 

FIITER 

( ANAtOG) 
SIGNAt 

OUTPUT OF 
LOW-PASS 

FIITER 

( ANALOG) 
SIGNAt 

Figure 4. Frequency and Sinewave Generator Functional Block Diagram 
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1.1 Programmable Frequency Generator 

The programmable frequency generator produces a 
digital output whose frequency is determined by a 16-
bit digital word. 

The frequency generator is composed of a phase 
accumulator which is clocked at fClKIN/4' The value 
stored in the data latch is added to the phase 
accumulator every 4 cycles of CLKIN. The frequency of 
the analog output is equal to the rate at which the 
accumulator overflows and is given by the following 
equation: 

fClKIN x (D15-DO)DEC 
fOUT = 223 

The frequency resolution and the minimum frequency 
are the same and is given by the following equation: 

ll.f _ fClKIN 
MIN - 223 

When fCLKIN = 12.352MHz, ll.fMIN = l.5Hz (±.75Hz). 
Lower frequencies are obtained by using a lower clock. 

Due to the phase quantization nature of the frequency 
generator spurious tones can be present in the output 
in the range of -55dB relative to fundamental. The 
energy from these tones is included in the signal to 
noise + distortion specification. The frequency of these 
tones can be very close to the fundamental, therefore it 
is not practical to filter them out. 

1.2 Sinewave Generator 

The sinewave generator is composed of a sine look-up 
table, a DAC, and an output smoothing filter. The sine 
look-up table is addressed by the phase accumulator. 
The DAC is driven by the output of the look-up table 
and generates a staircase representation of a sinewave. 

The output smoothing filter "smooths" the analog 
output by removing the high frequency sampling 
components. The resultant voltage on VOUT is a 
sinusoid with all distortion components at least 45dB 
below the fundamental. 

The ML2035 provides a peak sinewave voltage of 
±VCcl2. The Ml2036 has a VREF input that can be tied 
to Vcc or generated from an external voltage. With the 
gain input equal to a logic "1" the sinewave peak 
voltage is equal to ±VREF; with the gain input equal to 
a logic "0" the peak voltage is ±VREFI2. The sinewave 
output is referenced to AGND for the Ml2036 and 
GND for the Ml2035. 

The analog section is designed to operate over a range 
from DC to 50kHz. Due to slew rate limitations, the 
peak-to-peak output voltage must be limited to VOUTP-P 
:S (125kV x Hz)/foUT. For example on the Ml2036 an 
output at 50kHz must be limited to 2.5Vp_p. Since the 
Ml2035 peak-to-peak output voltage is equal to Vcc, 
the maximum output frequency must be limited to 
25kHz for Vcc = 5Y. VOUT can drive 1kn, 100pF loads 
and swing to within l.5V of Vcc and Vss, provided the 
slew rate limitations mentioned above are not 
exceeded. 

The output offset voltage, Vos, is a function of the 
peak-to-peak output voltage and is specified as 25mV + 
(±10 x VOUTP-P) max. For example if VOUTP-P = 2.5V, 
then Vos = 50mV max. 

1.3 Crystal Oscillator 

The crystal oscillator generates an accurate reference 
clock for the programmable frequency generator. 

The internal clock can be generated with a crystal or 
external clock. 

If a crystal is used, it must be placed between ClKIN and 
DGND of the Ml2036 or GND of the Ml2035. An on 
chip crystal oscillator will then generate the internal 
clock. No other external capacitors or components are 
required. The crystal should be a parallel resonant type 
with a frequency between 3M Hz to 12.4MHz. It should 
be placed physically as close as possible to the ClKIN 
and DGND (GND). 

An external clock can drive ClKIN directly if desired. 
The frequency of this clock can be anything from 0 to 
12MHz. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 3M Hz to 12.4MHz 

3. Maximum equivalent series resistance of 150 at a 
drive level of 1f.JW to 200f.JW 

4. Maximum equivalent series resistance of 300 at drive 
levels of 10nW to 1f.JW 

5. Typical load capacitance: 18pF 

6. Maximum case capacitance: 7pF 

The frequency of oscillation will be a function of the 
crystal parameters and board capacitance. Crystals that 
meet these requirements at 12.352000MHz are M-tron 
3709-010 12.352 for O°C to +70°C and 3709-020 12.352 
for -40°C to +85°C operation. 

I I 
~n ------------------------____________________________________ ~~ ____ __ 

Figure 5. Serial Interface Timing 

3-60 'Micro Linear 



The Ml2036 has two clock outputs that can be used to 
drive other external devices. The ClKoUTl output is a 
buffered output from the oscillator divided by 2. The 
ClKoUT2 output is a buffered output from the oscillator 
divided by 8. 

1.4 Serial Digital Interface 

The digital interface consists of a shift register and data 
latch. The serial 16-bit data word on SID is clocked into 
a 16-bit shift register on rising edges of the serial shift 
clock, SCK. The lSB should be shifted in first and the 
MSB last as shown in figure 5. The data that has been 
shifted imo the shift register is loaded into a 16-bit data 
latch on the falling edge of LATI. To insure that true 
data is loaded into the data latch from the shift register, 
LATI falling edge should occur when SCK is low, as 
shown in figure 1. LATI should be low while shifting 
data into the shift register to avoid inadvertantly 
entering the power down mode as described in 
paragraph 1.5. Note that all data is entered and latched 
on edges, not levels, of SCK and LATI. 

PON-INH PON-INH DATA IN 
MODE PIN SHIFT REG. 

PON 
f11 V l11 logic "0" X 

Inhibit V12, Inhibit State All O's 
Voltage, Vss to 

Vss + .5V 

PON 
f11 VI]' logic "1" All O's 

ML2035, ML2036 

1.5 Inhibit and Power Down Modes 

1.5.1 Ml2035 Power Down Mode 

The power down mode of the M12035 can be selected 
by entering all zeros in the shift register and applying a 
logic "1" to LATI. A zero data detect circuit detects 
when all bits in the shift register are zero's. In this state, 
the power consumption is reduced to 11.5mW max, 
and VOUT goes to OV as shown in figure 6 and appears 
as 10k to analog ground. The master clock, ClKIN, can 
be left active or removed during power down mode. 

1.5.2 Ml2036 Inhibit and Power Down Modes 

The M12036 has an inhibit mode and a power down 
mode which are controlled by the three-level PDN-INH 
input as described in table 1. When a logic "1'; VI3- is 
applied to the PDN-INH pin, the power down mode is 
entered in the same way as described for the Ml2035. 
Also, the Ml2036 will be placed in the power down 
mode by applying a logic "0" to the PDN-INH pin. 

If Vss to Vss + .5y, VI:z, is applied to the PDN-INH pin, 
the inhibit mode is entered by shifting all zero's into 
the shift register and applying a logic "1" to the LATI 
pin. Once the inhibit mode is entered VOUT will 
complete the last half cycle of the sinewave and then • 
be held at approximately Vos, such that no voltage step • 
occurs, as shown in figure 6. 

LATI SINEWAVE OUTPUT 

X VOUT = OV 
(10K to AGND) 

logic 111" VOUT goes to approximately Vos 
at the next Vos crossing. See 
figure 6. 

logic "1" VOUT = OV 
(10K to AGND) 

Note 1: In the power down mode, the oscillator, ClKoun and ClKouT2' shift register, and data latch are all functional. 

Table 1. Three level PDN-INH Function 

vos A AI 
ovi~ --- - - --i-

f \/\] 

Power Down Mode 

i 
I 

Inhibit Mode Vos L\ L\ i Vx 

~1~+ 
SCK --,",JLrLrLIlLJLrLlLrLnSUILrLrU 

SIO )C)(). 0 1 2 3 4 5 6 7 8 9 10 1112 131415: 

~I r---

Figure 6. Power Down and Inhibit Mode 
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V VPEAO Fa f < fCLK 
I XI' 2s6 ' ROUT - 2048 

IVxl :5 VPEAK + VPEAO SIN/8mOUT +...!..\ 
256 \ fCLO 512/ 

FOR f > fCLO 
OUT 2048 

3-61 



Ml2035; .. ·ML2036 

1.6 Power Supplies 

The analog circlJitry in the device are powered f~om 
+5V to -5V (Vee to Vss) and are referenced to AGND. 

The digital circuits in the device are powered frpm +5V 
to OV (Vee to DGND). 

For the ML2036, it is reC9mmended that AGND and 
DGND be connected together close to the device and 
have a good connection back to the .power source. 

2.0 TYPICAL APPLICATIONS 

M12003 
M12004 
M12008 
M12OO'l 

It is recommended that.the power supplies to the 
device should be bypassed by placing decoupling 
capacitors from Vee to AGND (GND for ML2035) and 
Vss to AGND (GND for ML2035) as physically close to 
the device as possible. 

ATfENUATION 
IGAIN 

ML2020 
ML2021 

LINE 
EQUALIZER 

+5V 

-5V 

ML2031 
M12032 
lONE 

DETECTOR 

Figure 7. 4-Wire Termination Equipment 

+5V 

+ 

o 10 25Hz SINEWAVE 

-5V 

LOOPBACK 
RELAY 

ML2036 

Vee GAIN 

Vss 

Figure 8. Sinewave Ratiometric to ±Vecl2 Figure 9. Sinewave with ±2.5Vp_p (5Vp_p) 
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ORDERING INFORMATION 

PART NUMBER TEMP. RANGE PACKAGE 

ML20351J -40°C to +85°C HERMETIC DIP (J08) 
ML20351P -40°C to +85°C MOLDED DIP (P08) 
ML2035CP O°C to +70°C MOLDED DIP (P08) 

ML2036IJ -40°C to +85°C HERMETIC DIP (J14) 
ML2036IP -40°C to +85°C MOLDED DIP (P14) 
ML20361S -40°C to +85°C MOLDED SOIC (S16W) 
ML2036CP O°C to +70°C MOLDED DIP (P14) 
ML2036CS O°C to +70°C MOLDED SOIC (S16W) 
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GENERAL DESCRIPTION 
The ML211 0 consists of two independent switched capaci
tor filters that perform second order filter functions such as 
lowpass, bandpass, highpass, notch and all pass. All filter 
configurations including Butterworth, Bessel, Cauer, and 
Chebyshev can be formed. 

The center frequency of these filters is tuned by an ex
ternal clock or the external clock and resistor ratio. 

The ML2110 frequency range is specified to 30kHz with 
± 2.25V (single 5V operation) to ± 5.5V power supplies. 

For higher frequency operation the ML2111 is specified up 
to 150kHz operation. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML211 0 is a pin compatible superior replacement for 
MF10, LMFlOO, and L TC1 060 filters. 

BLOCK DIAGRAM 

TOAGND+---~----------~ 

20 
LP. 

August .1992 

ML2110 
Universal Dual Filter 

FEATURES 
• Specified to 30kHz 
• CenterfrequencyxQ product :S2MHz 
• Separate highpass, notch, all pass, bandpass, and 

lowpass outputs 
• Centerfrequency accuracy ±0.3% or ±0.8% max 
• Q accuracy ±3% or ±6% max 
• Clock inputs TTL or CMOS compatible with duty 

cycle 40% to 60% 
• Single SV (±2.2SV) or ±SV supply operation 
• O°Cto 70°C, -40°C to +8S oC, -SSOCto + 125°C 

operating temperature range 
• Standard 0.3" 20-pin DIP or 20-pin small outline 

(SOIC) package 

PIN CONNECTIONS 

ML2110 
20-PIN DIP 

LPA LP. 

BPA BP. 

N/AP/HPA N/AP/HP. 

INVA INV. 

SlA 51. 

SAl. AGND 

VA+ VA-

Vo+ Vo-

LSh SO/l00/HOLD 

CLKA CLK. 

TOP VIEW 

ML2110 
20-PINSOIC 

LPA LP. 

BPA BP. 

N/AP/HPA N/AP/HP. 

INVA INV. 

SlA 51. 

SAl. AGND 

VA+ VA-

Vo+ Vo-

LSh SO/100/HOLD 

CLKA CLK. 

TOP VIEW 
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PIN DESCRIPTION 
PIN NO. NAME FUNCTION 

lPA lowpass output for 
biquad A. 

2 BPA Bandpass output for 
biquad A. 

3 N/AP/HPA Notch/allpass/highpass 
output for biquad A. 

4 INVA Inverting input of the 
summing op amp for 
biquad A. 

5 51A Auxiliary signal input pin 
used in modes 1 a, 1 d, 4, 5, 
and 6b. 

6 5A1B Controls 52 input 
function. 

7 VA+ Positive analog supply. 

8 Vo+ Positive digital supply. 

9 l5h Reference point for clock 
input levels. logic 
threshold typically lAV 
above l5h voltage. 

10 ClKA Clock input for biquad A. 
11 ClKB Clock input for biquad B. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
IvA+I, IVO+i-IvA-I, IVo-1 ....................... 13V 
VA+, Vo+ to LSh .................................. 13V 

Inputs .............. lvA+, Vo +I+0.3Vto IvA-, Vo -I-0.3V 
Outputs ............ lvA+, v o+I+O.3Vto IvA-, Vo-l-o.3V 
IvA+ 1 to Ivo+ I ................................... ±0.3V 
Power Dissipation ............................... 750mW 
Storage Temperature Range ................. -65°C to 150°C 
Lead Temperature (soldering, 10 sec). . . . . . . . . .. . ..... 300°C 

ELECTRICAL CHARACTERISTICS 

PIN NO. NAME 
12 50/1 OO/HOlD 

13 Vo -

14 VA-

15 AGND 

16 51B 

17 INVB 

18 N/AP/HPB 

19 BPB 

20 lPB 

ML2110 

FUNCTION 
Input pin to control the 
clock to center frequency 
ratio of 50: 1 or 100: 1, or 
stops the clock to hold the 
last sample of the band
pass or low pass outputs. 
Negative digital supply. 
Negative analog supply. 

Analog ground. 

Auxiliary signal input used 
in modes 1 a, 1 d, 4, 5, and 
6b. 
Inverting input of the 
summing op amp for 
biquad B. 

Notch/allpass/high pass 
output for biquad B. 

Bandpass output for 
biquad B. 
lowpass output for 
biquad B. 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML211 OBCP, ML211 OCCP, 
ML211OBCS, ML211OCCS. . ...... O°C to 70°C 
ML2110BIJ, ML211OCIJ. . . . . . .... -40°C to +85°C 
ML2110BMJ, ML2110CMJ .............. -55°Clo +125°C 

Supply Voltage Range .................... ± 2.25V to ± 6.0V 

Unless otherwise specified TA ~ T MIN to T MAX, VA + ~ Vo+ ~ 5V ± 10%, VA - ~ Vo- ~ - 5V ± 10%, CL ~ 25pF, VIN ~ 2.5VPK 
(1.767 VRMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS UNITS 
Filter 

fa, Center Frequency 5,6 Figure 16 (Mode 1) 
Maximum Q:s50, Q Accuracy :s ±20% 20 20 kHz 

Q :s 20, Q Accu racy :s ± 10% 30 30 kHz 
fa, Center Frequency 5,6 Figure 16 (Mode 1) 
Minimum Q:s50, QAccuracy:s ±30% 25 25 Hz 

Q:s20, Q Accuracy:s + 15% 25 25 Hz 
fa, Temperature fClK<lMHz -10 -10 ppm/oC 
Coefficient 
Clock to Center Q~10 
Frequency Ratio Figure 16 (Mode 1) 

4 50: 1, fClK ~ 250kHz 49.85 50.0 50.15 49.60 50.0 50.40 
4 100: 1, fClK ~ 500kHz 100.0 100.3 100.6 99.50 100.3 101.1 
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ELECTRICAL CHARACTE RISTICS (Continued) , 
Unless otherwise specified TA ~ T MIN to T MAX, VA + ~ VD+ ~ 5V ± 1 0%, VA - ~ VD- ~ - 5V ± 1 0%, C l ~ 25pF, VIN ~2.5VPK 
(1.767 VRMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS UNITS 
Filter (Continued) 
Clock Frequency 5 Q:520, QAccuracy:5 ±15% 2.5k 1.5M 2.5k 1.5M Hz 
Clock Feedthrough 5 fClK:51MHz 10 20 10 20 mV(p-p) 

QAccuracy 4 fo~5kHz,Q~10 150:1 +3 +6 % 
Figure 16 (Mode 1) 1100:1 +4 +8 % 

Q Temperature fcLK<500kHz, Q~ 10 20 20 ppm/DC 
Coefficient 

DC Offset 50: 1, fcLK ~ 250kHz 
Vos 2, 3 4 SA/S High 7 40 7 60 mV 
VOS2,3 4 SA/S Low 7 40 7 60 mV 

DC Offset 100: 1, fCLK ~ 500kHz 
VOS2,3 4 SA/S High 14 60 14 100 mV 
VOS2, 3 4 SA/S Low 14 60 14 100 mV 

Gain Accuracy 
DC Lowpass 4 R1 ~ 20k, R2 ~2k, R3 ~20k 0.01 2 0.01 2 % 
Bandpass at 10 4 100:1, fo~5kHz, Q~lO 1 4 1 8 % 
DC Notch Output 5 0.02 2 0.D2 2 % 

Noise 7 Figure 16 (Mode 1) 
Q~1,R1 ~R2~R3~2k 

Bandpass, 5kHz, 50:1 80 80 I'VRMS 
5kHz, 100:1 100 100 I'VRMS 

Lowpass, 5kHz,50:1 105 105 I'VRMS 
5kHz, 100:1 130 130 I'VRMS 

Notch, 5kHz, 50:1 80 80 I'VRMS 
5kHz, 100:1 100 100 I'VRMS 

Figure 16 (Mode 1) 
Q~ 1O,R1 ~ R3~20k,R2~2k 
Bandpass, 5kHz, 50:1 256 256 I'VRMS 

5kHz, 100:1 315 315 I'VRMS 
Lowpass, 5kHz, 50:1 262 262 I'VRMS 

(R1 ~2k) 5kHz, 100:1 320 320 I'VRMS 
Notch, 5kHz, 50:1 33 33 I'VRMS 

(R1 ~2k) 5kHz, 100:1 38 38 I'VRMS 
Crosstalk fcLK ~ 250kHz, fo ~ 5kHz -70 -70 dB 

fo, Center Frequency 5 Figu re 16 (Mode 1) 
Maximum Q:550, QAccuracY:5 ±25% 20 20 kHz 

Q:520, QAccuracY:5 ±12% 30 30 kHz 

fo, Center Frequency 5 Figure 16 (Model) 
Minimum Q :550, Q Accuracy:5 ± 30% 25 25 Hz 

Q :520, Q Accuracy:5 + 15% 25 25 Hz 
Clock to Center Q~.10 

Frequency Ratio Figu re 16 (Mode 1 ) 
4 50:1, fCLK~250kHz 49.85 50.0 50.15 49.60 50.0 50.40 
5 100: 1, felK ~ 500kHz 100.0 100.3 100.6 99.50 100.3 101.1 

Clock Frequency 5 Q:520, Q Accuracy :5 ± 15% 2.5k 1.5M 2.5k 1.5M Hz 

QAccuracy 4 fcLK ~ 250kHz, Q ~ 10 1 50: 1 ±4 ±8 % 
Figure 16 (Mode 1) 1100:1 ±3 ±6 % 
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Ml2110 
ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = TMIN to T MAX, V A+ =VD+ =SV± 10%, VA - =VD- = -SV± 10%, CL =2SpF, V1N =2,SVPK 
(1.767 VRMS) Clock Duty Cycle 40% to 60%. 

PARAMETER CONDITIONS 
, , , 

Noise 7 Figure 16 (Mode 1) 
Q~1,R1 ~R2~R3~2k 
Bandpass, 5kHz, 50:1 80 80 

5kHz, 100:1 100 100 
lowpass, 5kHz, 50:1 105 105 

5kHz, 100:1 130 130 
Notch, 5kHz, 50:1 80 80 

5kHz, 100:1 100 100 

Figure 16 (Mode 1) 
Q~10,R1 ~R3=20k,R2~2k 
Bandpass, 5kHz, 50:1 256 256 

5kHz, 100:1 315 315 
lowpass, 5kHz, 50:1 262 262 

(R1 ~2k) 5kHz, 100:1 320 320 
Notch, 5kHz, 50:1 33 33 

(R1 ~2k) 5kHz, 100:1 38 38 .. 
Operational Amphflers and Power Supply 
Vas DC Offset 4 2 15 2 15 

DC Open loop Gain Rl~lk 95 95 
Gain Bandwidth 2.4 2.4 
Product 
Slew Rate 2.0 2.0 

Output Voltage 5 Rl ~2k, !VI from VA+ orVA_ .5 1.2 .5 1.2" 
Swing 
(Clipping level) 

Output Short Circuit Source 50 50 
Current Sink 25 25 

Power Supply And Clock 

Supply Current 4 icLK ~ 250kHz 
(lA+)+(lD+) 13 22 13 22 
(lA-)+(lD-) 12 21 12 21 
IlSH 0.5 1 0.5 1 

VClK Input Threshold 4 low 0.8 0.8 
High 2.0 2.0 

ClKA, ClKB Pulse 5 ClK High or ClK low 250 250 
Width 

Note 1: Absolute maximum ratings are limits beyond which the life ofthe integrated circuit may be impaired. All voltages unless 
otherwise specified are measured with respect to ground. 
Note 2: . - 55°C to + 125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test 
conditions. O°C to 70°C and -40°C to + 85°C operating temperature range devices are 100% tested with temperature limits 
guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Center frequency is defined as the peak of the bandpass output. 

UNITS 

/LVRMS 
/LVRMS 
/LVRMS 
/LVRMS 
/LVRMS 
/LVRMS 

/LVRMS 
/LVRMS 
/LVRMS 
/LVRMS 
/LVRMS 
/LVRMS 

mV 

dB 
MHz 

ViI'S 
V 

mA 
mA 

mA 
mA 
mA 

V 
V 

ns 

Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 30kHz which is 6 times the fo at 50: lor at 100: 1. 
Note 8: For TA = -55°C to +125°C; VA+ = VD+ = 2.375V, VA- = VD- = -2.375V 
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ML2110 

TYPICAL PERFORMANCE CURVES 
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Figure 1. fCLK/fo vs. fCLK (100:1, 50:1 atVs = ± 2.5Vor Vs= ± 5V) 
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Figure 2A. fCLK/fo Deviation vs. Temperature (Vs = ± 5V) 
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Figure 28. fCLKlfo Deviation vs. Temperature (VS = ± 2.5V) 
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Figure 3. QErrorvs. fCLK (100:1, 50:1 atVs= ±2.5VorVs= ±5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 4A. Q Deviation vs. Temperature (Vs = ± SV) 
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Figure SA. fCLKlfo Deviation vs. Q (Vs = ± SV) 
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Figure 6A. Q Deviation vs. Q (SO:l, Vs = ± SV) 
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Figure 4B. Q Deviation vs. Temperature (Vs = ± 2.SV) 
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Figure SB. fCLK/fNOTCH Deviation vs. Q (Vs = ± SV) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued) 

16 
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Figure 11. Supply Current vs. Supply Voltage 

FU NCTIONAL DESCRI PTION 
POWER SUPPLIES 

The analog (VA +) and digital (VD +) supply voltage pins, in 
most cases, are tied together and bypassed to AGND with 
a O.l",F and a 0.01 ",F disc ceramic capacitor. If high digital 
noise exists, the supply pins can be bypassed separately. 
The ML2110 positive analog and positive digital supply 
pins are internally connected by the IC substrate and 
should be biased from the same DC source. 

The ML2110 operates with a single supply from 5V± 10% 
and with split supplies from ±4.5V to ±6V supplies. 

CLOCK INPUT PINS AND LEVEl SHIFT 

With dual supplies equal to or higher than ± 4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGND or VA - pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 15, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(10, 11) share the same level shift pin. 

50/100/HOLD (Pin 12) 

By tying pin 12 to (VA +, VD+) the filter operates in the 
50:1 mode. By tying pin 12to 1/2 of the voltage supplies 
(AGND potential), the ML2110 operates in the 100:1 
mode. The range of pin 12 with total supply voltage of 
+ 5V is 2.5 ± 0.5V; + 10V is 5V ± 0.5V. When pin 12 is tied 
to the negative supply pin, the filter operation is stopped 
and the bandpass and lowpass outputs act as an 5/H cir
cuit holding the last sample. 

SlA1 Slo, (Pins 5 and 16) 

These are voltage signal input pins and should be driven 
with a source impedance below 5k. The 51A, 51 B pins can 
be used to alter the clock to center frequency ratio (fCLK/fo) 
of the filter (see modes 1 b, 1 c, 2a, 2b) or to feedforward 
the input signal for allpass filter configurations (see modes 
4 and 5). When these pins are not used, they should be 
tied to the AGND pin. 

I 

13 
50:1 ./ 

~Vs= ±5V V MODEl V lelK = 250kHz 

V 
V 

V 
V 

/' 
V 

./ 
-60 -40 -20 20 40 60 80 100 120 

TEMPERATURE (OC) 

Figure 12. Supply Current vs. Temperature 

SAlO (Pin 6) 

When 5A/B is high, the 52 negative input of the voltage 
summer is tied to the lowpass output. When the 5A1B pin is 
connected to the negative supply, the 52 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0.1 ",F capacitor. The positive inputs 
of the internal op amps and the reference point of the in
ternal switches are connected to the AGND pin. 

fCLK/fo RATIO 

The ML2110 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fCLKlfo) ratio decreases 
and when the Qs are low. 

fo x Q PRODUCT RATIO 

The fax Q product of the ML211 0 depends on the clock 
frequency and the mode of operation. For clock frequen
cies below 1 MHz, in mode .1 and its derivatives, the 
foxQ product is mainly limited by the desired fa and Q 
accuracy. For the same clock frequency and for the same 
Q value the foxQ product can be further increased if the 
clock to center frequency ratio is lowered below 50: 1. 

Mode 3, Figure 24, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise of the Ml211 0 outputs isneariy 
independent from the clock frequency provided that the 
clock itself does not become partofthe noise. The noise 
at the BP and LP outputs increases for high Qs. 
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ML2110 

FILTER FUNCTION DEFINITIONS 
Each filter ofthe ML2110 with ,an externa'i clock and Jesis
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. ' 

1. Bandpass function: available at the bandpass output 
pins (2,19), Figure 13. 

swJQ 
G (s) - HOBP -,.,..--=---=---:

S2 + (sOIo/Q) + Wo 2 

HOBP-Gain atw=wo 

fo" wo/2'11"; fo is the center frequency of the com
plex pole pair. fo is measured as the peak'fre
quency of the bandpass output. 

Q-Quality factor of the complex pole pair. It is the 
ratio of fo to the - 3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: avai lable at the LP output pi ns 
(1,20), Figure 14. 

2 
G() H Wo 

s = OlP, 2 '( IQ) 2 
S +s Wo +Wo 

HOlP- DC gain of the LP output. 

3. Highpass function: available only in mode 3 at the out
put pins (3, 18), Figure 15. 

S2 
G(s) - HOHP -:---=----:-

S2 +5 (wo/Q) + w~ 

HOHP-gain ofthe HPoutputforf- fCt 
4. Notch function: available at pins 3 (18) for several ' 

modes of operation. 

G() (H ) (52 + w2n) 
S - ON2 2 ( IQ) 2 

S +s w<>, +wo 

HON2 = gain of the notch output for f- fC~K 

HON1- gain of the notch output for f-O 

fn =wn/2'11"; fn is the frequency ofthe notch 
occurrence. 

5. All pass function: available at pins 3(18) for mode,4, 4a. 

G(s) _ HOAP [S2 - s(wo/Q) + w~ 
S2 + s(wJQ) + w~ 

HOAp .. gain ofthe allpass output for O<f< f'iK 

For all pass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitudere
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fi>, 
For high numerator Q's, the magnitude response will have 
a notch at fz. 

BANDPASS OUTPUT 

~ HOBP I---~", 
Z 0.7«17 HOBP I----+-t--\. 
~ 

fL fo fH 
f(LOG SCALE) 

Q = f--.l!Lf ; fo =,JllfH 
H- L 

fL=fo(i"ti + V(2~)'+I) 

fH=fo (2~ + V(2~) '+1) 

Figure 13 

LOWPASS OUTPUT 

~ HOP~====~~ 
~ HOLP.... "-
Z 0.707 HOLP I-----+-.... 

~ I 
fp fe 

f(LOG SCALE) 

HOp-HOLPX ~1 
~ 1 __ 1_ 
Q 4Q2 

Figure 14 

HIGHPASSOUTPUT 

~ HOPF====;~~ __ __ 
~ HOHP 
Z 0.707 HOHP 

~ 

fe fp 
f(LOG SCALE) 

fe-foX [V(I- 2~2) + V(I-*) '+1 f' 
fp=fox [V1- 2~2 ]_' 

Figure 15 
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ML2110 
OPE RATION MODES 

Table 1. lst Order Functions 

MODE PIN 2 (19) PIN 3 (18) fc fz 
6a LP HP feLK R2 

--x-
100(50) R3 

6b LP LP feLK R2 
--x-
100(50) R3 

7 LP AP feLK R2 
--x-

feLK R2 
--x-

100(50) R3 100(50) R3 

Table 2. 2nd Order Functions 

MODE PIN 1 (20) PIN 2 (19) PIN 3 (18) fo fN 
1 LP BP Notch ~ fo 

100(50) 

1a LP BP BP ~ 
100(50) 

1b LP BP Notch feLK V R6 feLK V R6 
100(50) x 1 + R5 + R6 100(50) x 1 + R5+ R6 

1c LP BP Notch feLK ~ feLK ~ 
100(50) x R5 + R6 100(50) x R5 + R6 

1d LP BP ~ 
100(50) 

2 LP BP Notch feLK ~ ~ 
100(50) x 1 + R4 100(50) 

2a LP BP Notch feLK V R2 R6 felK y R6 
100(50) x 1 + R4 + R5+R6 100(50) x 1 + R5 + R6 

2b LP BP Notch feLK -JR2 R6 feLK ~ 
100(50) x R4 + R5+R6 100(50) x R5 + R6 

3 LP BP HP feLK JfJ 
100(50) x R4 

3a LP BP Notch feLK JfJ. feLK ~ 
100(50) x R4 100(50) x R;" 

4 LP BP AP ~ 
100(50) 

4a LP BP AP feLK ~ 
100(50) x R4 

5 LP BP C.Z feLK ~ feLK n 
100(50) x 1 + R4 100(50) x 1 - R4 
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OPERATION MODES (Continued) 

There are basically three modes of operation: mode 1, 
mode 2, mode 3. In the mode 1, Figure 16, the input 
amplifier is outside the resonant loop. Because of this; 
mode 1 and its derivatives (mode 1 a, 1 b, 1 c, 1 d) are faster 
than modes 2 and 3. 

Mode 1 a, Figure 17, represents the most simple hook-up 
of the ML211Q. Mode la is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, arid a second order, 
clock tunable, BP resonator can be achieved ~ith only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, mode 
1 a is not practical as it requires several clock frequencies 
to tune the overall filter response. 

Mode 1, Figure 16, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters; In mode 1, a bandpass out
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. 

Modes 1 band 1 c, Figures 18, 19 are similar. They both 
produce.a notch with a frequency which is always equal to 
the filtet center frequency. The notch and the center fre
quency can be adjusted with an external resistor ratio. 

Rl 
V,N -"'Vll'Ir--o-~ 

4(17) 

R3 

1/2ML2110 

LP 
1(20) 

1 - ...k!JL· 1 -I • HOLP- - !!1'HOBP- - ~'HON1- _ !!1'Q_ ~ 
0- 100(50)' n- 0, - Rl' - Rl' - Rl' - R2 

Figure 16. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 

The clock to center frequency ratio range is: 

100 50 fClK 100 50 
-or-~-~--or--' mode lc 

1 1 fa J2. J2. ' 

The input impedance of the 51 pin is clock dependent, 
and in general R5 should not be larger than 5k. Mode 1 b 
can be used to increase the clock to center frequency ratio 
beyond 100:1. Forthis mode, the limit for the (fClKlfo) ratio 
is 500:1. Beyond this, the filter will exhibit large output off
sets. Mode 1 d, Figure 20, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 20kHz can 
easily be achieved. 

Modes.2, 2a,. and 2b have"a notch output which fre
quency, fn' can be tuned independently from the center 
frequency, fa. For all cases, however, fn <fa. These modes 
are useful when cascading second order functions to cre
ate an overall elliptic high pass, bandpass or notch re
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode l' s. 

1/2ML2110 

R3 

BPI LP 
2(19) 1(20) 

4(17) 

. lo~ 1~~t:O); Q-jH; HOBP1- -jH; HOBP2 -l(NONINVERTING);HOLP- -1 

Figure 17. Mode 1a: 2nd Order Filter Providing 
Bandpass, Lowpass 

3-74 -'Micro· .. kin_ 



OPE RATION MODES (Continued) 
1/2 Ml2110 

R6 R5 

R3 

R2 

I InK. r.l-+~'I -I 'Q_ R3 ~1+ R6 • 
0= -lOO(5O)V' RS+R6' n- 0, - iUV' T 1f5+i6' 

LP 
1(20) 

HON1(1-0)=HoN2 (1- ICt) = -~; HOBP= - ~+ HOLP= 1 +Ri.~~5R~ R6); R5<5k!l 

Figure 18. Mode lb: 2nd Order Filter Providing Notch, Bandpass, lowpass 

R3 

R2 

1/2 Ml2110 
R6 R5 

LP 
1(20) 

Figure 19. Mode lc: 2nd Order Filter Providing Notch, Bandpass, lowpass 

R2 

1/2 Ml2110 

LP 
1(20) 

IClK R3A R2 
10= 100(50) ;Q=I+ R3B;HOBP= - Rl xQ 

ML2110 

Figure 20. Mode 1 d:2nd Order Filter Providing Bandpass and lowpass for Qs Greater Than or Equal to 1. 
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OPERATION MODES (Continued) 

R4 

Rl 

R2 

3-76 

R4 

R3 

112ML2110 

• 
1 _~ r~"1 -~" _!Q~ ~" -~ 
0- 100(50) yl+ R4' n- loo(50),Q- R2 1+ R4,HQLP- 1+(R2iR4) 

H - - R3iRl" H (1"':0) -~" H (1_!uK) - -R2iRl OBP- ,.ONl - 1 + (R2/R4) , ON2 2-

Figure 21." Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

112ML2110 

R6 R5 

H (1-0)- - ~ I 1 +R6I(R5+R~I" H (1- ICLK) - -R2iR 
ON' - Rl 1 + (R2iR4) + [R6i(R5 + R6)] ,ON2 2 - 1 

HOBP~ - R3iRl; HQLO ~ ,+ (R2iR4) :f~!)(RS + R6)] 

Figure 22. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

1/2ML2110 

R4 

R3 

R2 

R6 R5 

LP 
1(20) 

"H (1-0)- - ~ I R6i(RS+R6) 1""H ~I- ICLK) - - iRl 
ON' - Rl (R2iR4) + [R6i(R5 + K6)] , ON2 \ 2 - R2 

HOBP~ - RliRl; HOLP~ (R2iR4)~[~L~~5+ R6)] 

Figure 23. Mode 2b: 2nd Order Filter Providing Notch, Bandpa~s, LOWPilSS 
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OPERATION MODES (Continued) 

In mode 3, Figure 24, a single resistor ratio (R2/R4) can 
tune the center frequency below or above the fCLKI1 00 (or 
felK/50) ratio. Mode 3 is a state variable configu ration 
since it provides a highpass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 25). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rh/ 
RI). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 33, shows the 2 sec
tions connected in mode 3a to obtain a clock tunable 4th 
order sharp elliptic bandpass filter. The first notch is cre
ated by summing directly the HP and LP outputs of the first 
section into the inverting input of the second section op 
amp. The individual Q's are 29.6 and the filter maintains 
its shape and performance up to 20kHz center frequency, 
as shown in Figure 34. For this circuit an external op amp 
is required to obtain the 2nd notch. The dynamics of 
Figure 34 show that the amplitude response at each output 
pin does not exceed OdB. The gain in the passband 

ML2110 

depends on the ratio of (Rg/Rh2) x (R22/Rhl) x (R21 /R11). 
Any gain value can be obtained by acting on the (Rg/Rh2) 
ratio of the external op amp, the remaining ratios are 
adjusted for optimum dynamics of the output nodes. The 
external op amp of Figure 33 is not always required. In 
Figure 35, one section in mode 3a is cascaded with the 
other section in mode 2b to obtain a 4th order, 1 dB ripple, 
elliptic bandreject filter. The clock to center frequency 
ratio is adjusted to 200:1; this is done in order to better ap
proximate a linear R,C notch filter. The amplitude re
sponse of the filter is shown in Figure 36 with up to 1 MHz 
clockfrequency. The OdB bandwidth to the stop band
width ratio is 8/1. When the filter is centered at 1 kHz, it 
should theoretically have a 44dB rejection with a 50Hz 
stop bandwidth. For a more narrow fi Iter than the above, 
the unused BP output of the mode 2b section, Figure 35, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpasslbandreject 
filters, the mode 3a approach as in Figure 25, yields better 
dynamic range since the external op amp helps to opti
mize the dynamics of the output nodes of the ML2110. 

1/2 Ml2110 

Rl 
V'N---'lM---O::--\ 

4(17) 

R4 

R3 

LP 
1(20) 

10=1~~:0) ~;Q= ~~~;HOHP= -R2/Rl; HOlP= -R4/Rl; HORP= - ~ 

Figure 24. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, lowpass 

112 Ml2110 
R4 

R3 

Kg 

10= 1~~~:0) ~;In= 1~~:O)~;HOHP=-R2/Rl;HORP=-R3/Rl,HOlP=-R4/Rl 

HON1(I-O)= ~ x M;HoN2 ~- let) = ~ x P,;HON(I=lo)=Q (~HOlP- ~HOHP) 

NOTCH 

Figure 25. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, low pass, Notch 
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OPERATION MODES (Continued) 

3-78 

R1 
V,N -.,.,-'lNIr--O---! 

4(17) 

112 ML2110 

R4 

R3 

R2 

I -~~'Q-]!;!'®:'H . -I!~'H --~'H --]!;!'H __ M 
0- 100(50) Vi4' - RlViW' OA.P- 2R' OHP- Rl' OBP- Rl' OlP- R1 

Figure 26. Mode 4a: 2nd Order Filter Providing Highpa~s, Bandpass, Lowpass, Allpass 

V,N --'l./IIIr---<l-l 
4(17) 

R3 

1/2 ML2110 

BP lP 
2(19) 1(20) 

I ICLK Q R3 R2 (R3) 0"'" 100(50); = iU; HOAP= - ii; HOlP= -2; HORP= -2 R2 

Figure 27. Mode 4: 2nd Order Filter Providing All pass, Bandpass, Lowpass 
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OPE RATION MODES (Continued) 

1/2 ML2110 

R4 

R3 

R2 

+---'II\--~~~8) ~:l'r,) 
Rl 

V,N ...... -'\N'v-<>-t 
4(17) 

BP 
2(19) 

Qz= R], ~. Hoz(f-O)= {!!4/Rl)-I,. HOZ (1- I£~) = !!~. 
Rl V' - 1M' (R4/R2) + l' 2 Rl' 

HOBP= I!;! (1 + ~) . HO P= 1 + (R21]ill 
R2 Rl' L 1 + (R2IR4) 

Figure 28. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, Lowpass 

112 ML2110 

R3 

ICLK R2 R3 
le= 100(50) R3; HOlPl = 1; HOlP2= -jU 

LP 
1(20) 

Figure 30. Mode 6b: 1st Order Filter Providing Lowpass 

Ml2110 

112 ML2110 

R3 

R2 

1(20) 

Rl 
V,N -'WIr-<>---I 

4(17) 

ICLK R2 
le= "00(50) R3; HOlP= - R3/Rl; HOHP= - R21Rl 

Figure 29. Mode 6a: 1st Order Filter Providing Highpass, 
Lowpass 

1/2ML2110 

R3 

1(20) 

I = ~'f = ~lKR2 'GAINATOUTPUT=1 FORO,,;!,,; fclK 
p 100(50) R3' z 100(50) R3' 2 

figure 31. Mode 7:1 st Order Filter Providing Allpass, 
Lowpass 
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OPERATION MODES (Continued) 

R61 R51 

R31 
":' 

R21 

Rll 
VIN 

OdB 

VOUT -5dB 

-lOdB 

R62 R12 
-lSdB 

-20dB 

-2SdB 

/~50HZ" ~ fCl~=40~Hz 

/ \ 
J .\ 

V 'I'\. 

V "' i'.. 
V+ = +5V " 0.9kHz 1kHz 1.1kHz 

+5V 
OdB '"' ......., 

/ ~lkHz .. 1\ fcLK = 800kHz 

II \ 
-5dB 

T'l OR CMOS ClK IN-4>----------' 

-lOdB 

/ \ 
V '", 

/ "' i'... 
PRECISE RESISTOR VALUES 

Rll =·149.55k R12=44.1k 
R2h,4.988k R22 = 4.999k 
R31"'149.73k R32 = 143.5k 
R51 =2.S3Bk R52=2.498k 
R61 =2.495k R62=4.331k 

-lSd8 

-20dB 

-25dB 

~ 
18kHz 19kHz 20kHz 21kHz 22kHz 

Figure 32. Cascading the 2 sections connected in mode 1 b to obtain a clock tunable 4th order ldB ripple 
bandpass Chebyshev filter with (center frequency)/(Ripple Bw) = 20/1. 

3-80 

VIN 

R41 

R31 

R21 

Rll 

-5V 

v+ = +5V 

T'l OR CMOS 
CLOCK IN 

Rll = 155.93k 
Rhl = 13.2k 
R42';5k 

":' 

Rhl 

RI1 

1 lPA 20 R42 
lP. 

2 BPA 19 R32 
BP. 

3 HPA 18 R22 
HP. 

4 1NVA 

5 SlA 

6 SAl. 
7 

VA+ 

8 Vo+ 

9 lSh 

RESISTOR VALU ES 
R21 = Sk R31 = 152k 
Rll = 1O.74k R22 = 5.26k 
RI2=6.11k Rh2=5k 

Rg 

R41 = 5.27k 
R32= 151.8k 
Rg=37.3k 

NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL PEAkiNG. 

Figure 33~ Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 34 with improved 
dynamics. The gain at each node is. :s OdB for all input frequencies. 
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OPERATION MODES (Continued) 

OdS r "\ od8 r "\ 
I \ IClk = 100kHz 

II 
-10dS II \ IClK=IMHz 

II \ 
-10d8 

t-- \ --20d8 - \ ..-
-2Od8 

""I / 
\ 

-3Od8 " \ If 
1\ \ 

-30d8 

, 
-4Od8 -40d8 

-50d8 -50d8 

1.5kHz 1.75kHz 2kHz 2.25kHz 2.5kHz 1.5kHz 1.75kHz 20kHz 22.5kHz 25kHz 

Figure 34. The BP filter of Figure 33, when swept from a 2kHz to 20kHz center frequency. 

Rl1=&ok 
R41 = 28.84k 
R52 = 5k 
R32 = 455.75k 

RESISTOR VALUES 
R2l =5k 
Rhl = 5k 
R62= I.S9k 
R42 = 503.85k 

R31 = 54.75k 
RIt = 19.3k 
R22 = &Ok 

Figure 35. Combining mode 3 with mode 2b to create a 
4th order BP elliptic filter withldB ripple and a ratio of 
Odb to stop bandwidth equal to 8/1. 

o 

-10 

,,-20 
~ 
z 

~ 
~-30 

-40 

-50 

-&0 

I-- l"""- I--

1"- lL 
\ L 

1\ L 
\ II 

J 

1\ I 
I IClK = 200. fcLk<IMHz 

fo l' -

\ 
\ 
V 

0.7· 0.8 0.9 10=1.0 1.1 1.2 1.3 
INPUT FREQUENCY NORMALIZED TO FILTER CENTER FREQUENCY 

Figure 36. Amplitude Response of the Notch Filter of 
Figure 3$. 
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OFFSETS 
Switched capacitor integrators generally exhibit higher in
put offsets than discrete R,C integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall offset budget. 

Figure 37 shows half of the ML2110 filter with its equiva
lent input offsets Vas1, Vas2, Vas3. 

The DC offset at the filter bandpass output is always equal 
to Va s3. The DC offsets at the remaining two outputs 

15 

~ 

(Notch and LP) depend on the mode of operation and ex
ternal resistor ratios. Table 3 illustrates this. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 
1. The Q's decrease 
2. The ratio (fclKlfo) increase.s beyond 100:1. This is done 

by decreasing either the (R2/R4) or the R6/(RS + R6) 
resistor ratios. 

Figure 37. Equivalent Input Offsets of 1/2 ML2110 Filter 

Table 3 

VOSN VOSBP VOSLP 
MODE PIN 3 (18) PIN 2 (19) PIN 1 (20) 

1,4 Vos1[(I/Q) + 1 + DHOlPII)-VOS3/Q VOS3 VOSN-VOS2 
la Vos1[1 + (1/Q))-Vos3 /Q VOS3 VOSN-VOS2 
lb Vos1 [(1/Q) + 1 +R2/Rl)-VOS3/Q VOS3 -(VOSN-VOS2) (1 + RS/R6) 
1c VosJl(1IQ)+ 1 + R2/Rl]- VOS3/Q VOS3 (V V) (RS+R6) 

- OSN - 052 (RS + 2R6) 

ld Vos1[1 +R2/Rl) VOS3 VOSN-VOS2-VOS3/Q 
2,5 [VOSl (1 + R2/Rl + R2/R3+ R2/R4) - VOS3(R2/R3)) x VOS3 VOSN-VOS2 

[R4/(R2 + R4)] + Vos2 [R2/(R2 + R4)) 
2a [VOS1(1 + R2/Rl + R2/R3 + R2/R4) - VOS3 (R2/R:3») x VOS3 (V V) (RS+R6) 

[ R4(1 +k) I +V [ R2 j'k- R6 
- OSN- OS2 (RS+2R6) 

R2+R4(1 +k) OS2 R2+R4(1 +k)' RS+R6 
2b [VOS1(1 + R2/Rl + R2/R3 + R2/R4)-VOS3 (R2/R3») x 

[ R4k j V [R2 j'k R6 
R2+R4k + OS2 R2+R4k ,- RS+R6 

VOS3 - (VosN - VOS2) (1 + RS/R6) 

3,4a Vos2 VOS3 [ R4 R4 R41 ( R4 ) VOS1 1+-+-+- -VOS2 -
Rl R2 R3· R2 

-VOS3 (~~) 

ORDERING INFORMATION 
PART NUMBER TEMP. RANGE PACKAGE PART NuMBER TEMP. RANGE PACKAGE 

Ml2110BCP DoC to +70°C MOlDED DIP (P20) Ml2110BMj -55°C to +12SoC HERMETIC DIP (J20) 
M12110CCP DoC to +70°C MOLDED DIP (P20) ML2110CMj -55°C to +125°C HERMETIC DIP (J20) 
Ml2110BCS DoC: to +70°C MOLDED SOIC (S20W) Ml2110BIP -4Q°C t9 +8SoC MOlDED DIP (P20) 
Ml2110CCS DoC to +700C MOlDED SOIC (S20W) Ml2110CIP -4Q°C to +8SoC MOlDED DIP (P20) 
ML2110BIj _40°C to +8SoC HERMETIC DIP (J20) Ml2110BIS -4Q°C to +8SOC MOlDED SOIC (S20W) 
Ml2110Clj -4Q°C to +8SoC HERMETIC DIP (J20) Ml2110CIS -4Q°C to +8SoC MOLDED SOIC (S20W) 
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ML2111 
Universal Hi-Frequency Dual Filter 

GENERAL DESCRIPTION 
The ML2111 consists of two independent switched capaci
tor filters that operate up to 150kHz. These filters perform 
second order functions, such as low pass, bandpass, high
pass, notch and allpass. All filter configurations, including 
Butterworth, Bessel, Cauer and Chebyshev can be formed. 

The center frequency of these filters are tuned by an ex
ternal clock or the external clock and a resistor ratio. 

The ML2111 frequency range up to 150kHz is specified 
with ± 5.0V± 10% power supplies. Using a single 
5.0V ± 10% power supply the frequency range is up to 
100kHz. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML2111 is a pin compatible superior replacement for 
MFlO, LMF100, and L TC1 060 filters. 

BLOCK DIAGRAM 

TOAGND.-----~----------~ 

FEATURES 
• Guaranteed frequency range to 150 kHz 
• Center frequency x Q product ~ 5 MHz 
• Separate highpass, notch, allpass, bandpass, and 

lowpass outputs 
• Center frequency accuracy ±0.4% or ±0.8% max 
• Q accuracy ±4%, or ±8% max 
• Clock inputs TIL or CMOS compatible 
• Single 5 V (± 2.25 V) or ± 5 V ± 10% supply operation 

guaranteed 
• DOC to +70°C, -40°C to +85°C, -55°Cto +125°C 

operating temperature range 
• Standard 0.3" 20-pin DIP or 20-pin small outline 

(SOIC) package 

PIN CONNEOIONS 

lPA 

BPA 

N/AP/HPA 

INVA 

SlA 

SAl. 

VA+ 

Vo+ 

lSh 

ClKA 

lPA 

BPA 

N/AP/HPA 

INVA 

SlA 

SAl. 

VA+ 

Vo+ 

lSh 

CLKA 

Ml2111 
20-PIN DIP 

TOPVIEW 

Ml2111 
20-PIN sOle 

TOP VIEW 

lP. 

BP. 

N/AP/HP. 

INV. 

Sl. 

AGND 

VA-

Vo-

SO/100/HOLD 

ClK. 

lP. 

BP. 

N/AP/HP. 

INV. 

51. 

AGND 

VA-

Vo
SO/100IHOLD 

CLK. 
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PI N DEseRI PTION 
PIN NO. NAME FUNCTION 

LPA . Lowpass output for 
biquad A. 

2 BPA Bandpas~ output for 
biquad A. 

3 N/AP/HPA Notch/allpass/highpass 
output for biquad A. 

4 INVA Inverting input ofthe 
summing op amp for 
biquad A. 

5 51A Auxiliary signal input pin 
used in modes 1 a, 1 d, 4, 
5, and 6b. 

6 5A1B Controls 52 input 
function. 

7 VA+ Positive analog supply. 

8 VD+ Positive digital supply. 

9 L5h Reference point for clock 
input levels. Logic 
threshold typically l.4V 
above L5h voltage. 

10 CLKA Clock input for biquad A. 

11 CLKB Clock input for biquad B. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Supply Voltage 
IvA+I, Ivo+I-lvA-I, IVo-1 ....................... 13V 
VA+, Vo+ to LSh .................................. 13V 

Inputs .............. lvA+, Vo +I+0.3Vto IvA-, Vo -I-0.3V 
Outputs ........ , ... lvA+, Vo +I+0.3Vto IvA-, v o -l,..o.3V 
IVA+ltolvo+I .......................... : ........ ±O.3V 
Power Dissipation ................................ 750mW 
Storage Temperature Range ................. - 65°C to 150°C 
Lead Temperature (soldering, 10 sec).: ................ 300°C 

ELECTRICAL CHARACTE RISTICS 

PIN NO. NAME FUNCTION 
12 501100/HOLD I n put pi n to control the 

clock to center 
freq uency ratio of 50: 1 or 
100: 1, or stops the clock 
to hold the last sample of 
the bandpass or lowpass 
outputs. 

13 VD- Negative digital supply. 
14 V;...:- Negative analog supply. 
15 AGND Analog ground. 

16 51B Auxiliary signal input 
used in modes la, ld, 4, 
5, and 6b: 

17 INVB Inverting input of the 
summing op amp for 
biquad B. 

18 N/AP/HPB Notch/allpass/highpass 
output for biquad B. 

19 BPB Bandpass output for 
biquad B. 

20 LPB Lowpass output for 
biquad B. 

OPERATING CONDITIONS 

Temperature Range (Note 2) 
ML2111 BCP, ML2111CCP, 
ML2111 BCS, ML2111CCS .................... O°C to 70°C 
ML2111 BI), ML2111CU .•................ -40°Cto +85°C 
ML2111BMj,ML2111CMj .............. -55°Cto +125°C 

Supply Voltage Range .................... ±2.25Vto ±6.0V 

Unless otherwise specified TA= TMIN to TMAX, VA+ =VD+ =5V± 10%, VA - =VD~ = -5V± 1(J%, CL =2SpF, VIN= 1.41VPK 
(1.00 VRMS), Clock Duty Cycle 45% to 55%. 

PARAMETER CONDITIONS UNITS 
Filter 
fo, Center Frequency 5,6 Figu re 15 (Mode 1 ) 
Maximum VIN = 1 VpKl.707 VRMS) 

Qs50, Q Accuracy s ±25% 100 100 kHz 
Qs20, Q Accuracy s ± 15% 150 150 kHz 

fo, Center Frequency 5,6 Figure 15 (Mode 1) 
Minimum Qs50, QAccuracys ±30% 25 25 Hz 

Qs20, QAccuracys± 15% 25 25 Hz 
fo, Temperature fcLK<5MHz -10 -10 ppm/DC 
Coefficient 
Clock to Center Q=lO 
Frequency Ratio Figure 15 (Mode j) 

4 50:1, fcLK=5MHz 49.65 49.85 50.05 49.45 49.85 50.25 
4 100:1, fCLK=5MHz 99.60 100 100.40 99.20 100 100.80 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified TA = TMIN to TMAJ(, VA+ = VD+ = 5V ± 10%, VA- = VD-= -5V ± 10%, Cl = 25pF, 
VIN = 1.41VPK (1.00 VRMS), Clock Duty Cycle 50% (Note 8). . 

PARAMETER CONDITIONS UNITS 
Filter (Continued) 

Clock Frequency 5 QS20,QAccuracy s±15% 2.5k 7.5M 2.5k 7.5M Hz 

Clock Feedthrough 5 fClKS5MHz 10 20 10 20 mV(p-p) 

QAccuracy 4 fClK-5MHz,Q-1O 150:1 ±3 ±5 % 
Figure 15 (Mode 1) 1100:1 ±4 ±8 % 

Q Temperature 5 fcLK<5MHz, Q-l0 20 20 ppm/oC 
Coefficient 
DC Offset 50:1, fcLK=5MHz 

VOS2.3 4 SNB High 7 40 7 60 mV 
VOS2.3 4 SNB low 7 40 7 60 mV 

DC Offset 100:1, fCLK-5MHz 
VOS2.3 4 SNB High 14 60 14 100 mV 
VOS), 3 4 SNB low 14 60 14 100 mV 

Gain Accuracy 
DC lowpass 4 Rl = 20k, R2 - 2k, R3 = 20k 0.01 2 0.01 2 % 
Bandpass atfo 4 100:1, fo -50kHz, Q-lO 1 4 1 6 % 
DC Notch Output 5 0.02 2 0.02 2 % 

Noise 7 Figure 15 (Mode 1) 
Q-l,Rl-R2=R3-2k 
Bandpass, 100kHz, 50:1 103 103 I'VRMS 

50kHz, 100:1 121 121 I'VRMS 
lowpass, 100kHz, 50:1 120 120 I'VRMS 

50kHz, 100:1 150 150 I'VRMS 
Notch, 100kHz, 50: 1 115 115 I'VRMS 

50kHz, 100:1 135 135 I'VRMS 
Figure 15 (Mode 1) 
Q- 1O,Rl = R3-20k,R2-2k 
Bandpass, 100kHz, 50: 1 262 262 I'VRMS 

50kHz, 100:1 333 333 I'VRMS 
lowpass, 100kHz, 50:1 268 268 I'VRMS 

(Rl =2k) 50kHz, 100:1 342 342 I'VRMS 
Notch, 100kHz, 50:1 64 64 I'VRMS 

(Rl =2k) 50kHz, 100:1 72 72 I'VRMS 
Crosstalk fClK = 5MHz, fo = 100kHz -50 -50 dB 
Flher, VA+ = Vo+ = 225V VA- - Vo- - -2 25V, VIN = 0.707 VpK (0.5VRMsl (NOTE 9) , -----, 

fo, Center Frequency 5 Figure 15 (Mode 1) 
Maximum Q s 50, Q Accuracy s ± 30% 75 75 kHz 

Qs20, QAccuracy s ±15% 100 100 kHz 

fo, Center Frequency 5 Figure 15 (Mode 1) 
Minimum Qs50, QAccuracys ±30% 25 25 Hz 

Qs20, Q Accuracys ± 15% 25 25 Hz 

Clock to Center Q=10 
Frequency Ratio Figure 15 (Mode 1) 

4 5b:l, fClK=2.5MHz 49.65 49.85 50.05 49.45 49.85 50.25 
5 100:1, fcLK-2.5MHz 99.60 100 100.40 99.20 100 100.80 

Clock Frequency 5 Qs20,QAccuracy s±15% 2.5k 5M 2.5k 5M Hz 

QAccuracy 4 fcLK-2.5MHz, Q-lOl 50:1 ±4 ±8 % 
Figure 15 (Mode 1) 1100:1 ±3 ±6 % 
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ELEORICAL CHARACTERISTICS (Continued) ,',>, , 

Unless otherwise specified TA =TMINto TMAJ<, VA+'= VD+= 5V ± ,10%, VA-" VD':'= -5V ±10%;'CL = 25pF, 
VIN = 1.41VPK (1.00 VRMS), Clock Duty Cycle 50% (Note 8). ' 

,CONDITIONS UNITS 

Noise 7 Figure' 15 (Mode 1-) " 

Q-l,Rl =R2=R3=2k 
Bandpass, 100kHz, 50:1 105 ,,' 105 ,,,VRMS 

50kHz, 100:1 123 123 "VRMs 
Lowpass, 100kHz, 50: 1 122 122 "VRMs 

50kHz, 100:1 j52 152 "VRMS 
NQtch, 100kHz, 50:1 117 117 "VRMs 

50kHz, 100: 1 138 138 "VRMs 
Figure 15 (Mode 1) 
Q= 10,Rl-R3=20k,R2-2k 
Bandpass, lPOkHz, 50:1 265 265 "VRMs 

50kHz, 100: 1 335 335 "VRMs 
Lowpass, 100kHz, 50:1 270 270 "VRMs 

(Rl =2k) 50kHz, 100: 1 245 245 jLVRMs 
Notch, 100kHz, 50:1 65 65 ' "VRMs 

(Rl =2k) 50k!-lz, 100: 1 73 73 "VRMs .. 
OperatIonal Amphflers and Power Supply 
Vas DC Offset 4 2 15 2 15 mV 
DC Open Loop Gain RL=lk 95 95 dB 
Gain Bandwidth 2.4 2.4 MHz 
Product 
Slew Rate 2.0 2.0 VI"s 
Output Voltage 5 RL-2k, IV! from VA+ orVA- 0.5 1.2 0.5 1.2 V 
Swing 
(Clipping Level) 
Output Short Circuit Source 50 50 mA 
Current Sink 25 25 mA 
Power Supply And Clock 
Supply Current 4 fCLK-5MHz 

(lA+)+(lO+) 13 22' 13 22 mA 
(IA-)+.(lO-) 12 21 12 21 mA 
ILSH 0.5 1 0.5 1 mA 

VCLK InputThreshold 4 fcLK-5MHz Low 0.6 0.6 V 
High 3.0 3.0 V 

5 fcLK < 2.5MHz Low 0.8 0.8" V 
High 2.0 2.0 V 

CLKA, CLKB Pulse. 5,8 CLK High or IIVo+I-IVo-I2:4.5V 100 100 ns 
Width CLKLow IIVo+HVo-I2:9.0V 66 66 ns 

Note 1: Absolute maximum ratings are'limits beyond which the life' of the integrated circuit may be impaired. All voltages unless C)therwise 
specified are measured with respect to ground. 

Note 2: -55°C to +125°C operating temperajure range devices are 100% tested at temperature extremes with worst-case test conditions. DOC to 
70°C"arid-40°C to +85°C operating. temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, 
sampling; or by correlation with worst-case test conditions. 

Noie 3: Typicals are Pilfametric norm at 25°c' " 
Note 4: Parameter guaranteed and 100% produciion tested.' 
Note 5: Parameter guaranteed. Parameters not 100% tested are' not in outgoing quality, level cakul,ation., 
Note 6: Cenier'freql,lency is defined as the peak of the bandpass output. 
Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 750kHz which is 7.5 times the fo at 50:1 and 15 times 

the fo at 100:1. 
Note 8: For best performance with fCLK > 2.5MHz use a 50% duty cycle. 
Note 9: For TA = -55°C to +125°C; VA+ = VD+ = 2.375V, VA- = VD- = -2.375V 



FUNCTIONAL DESCRIPTION 
POWER SUPPLIES 

The analog (VA +) and digital (VD +) supply voltage pins 
should be tied together and bypassed to AGND with at 
least a O.lJo1F and a O.OlJo1F disc ceramic capacitor. If high 
digital noise exists, the supply pins can be bypassed sepa
rately. The ML2111 positive analog and positive digital 
supply pins are internally connected by the IC substrate 
and should be biased from the same DC source. The 
ML2111 negative analog and negative digital supply are 
not connected internally, however they should be biased 
from the same DC source and bypassed with at least a 
O.lJo1F and a O.OlJo1F disc ceramic capacitor. 

The ML2111 operates with a single supply from 4V to 12V 
and with split supplies from ± 2.0V to ± 6V. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than ± 4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGND or VA - pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 15, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TIL or CMOS. The input clock pins 
(10, 11) share the same level shift pi n. 

sO/100/HOLD (Pin.12) 

By tying pin 12 to (VA +, VD +) the filter operates in the 
50:1 mode. Bytying pin 12 to 1/2 of the voltage supplies 
(AGND potential), the ML2111 operates in the 100:1 
mode. The range of pin 12 without affecting the 100:1 
filter operation with total supply voltage of + sV is 
2.S±0.SV; + lOV is sV±o.sV.When pin 12is tied to the 
negative supply pin, the filter operation is stopped and the 
bandpass and lowpass outputs act as an S/H circuit hold
ing the last sample. 

SlA, 51 B, (Pins 5 and 16) 

These are the auxiliary voltage signal input pins always con
nected to one of the negative inputs of the voltage summer 
(the other negative input switches between LPo and AGN D 
according to control pin SA/B (pin 6). The positive input of 
the voltage summer is always connected to N/AP/HP pin of 
the corresponding section. They should be driven with a 
source impedance below sk forfclK<2.sMHz and 1 k to 2k 
forfClK>2.5MHz. The SlA,Sl B pins can beused to alter 
the clock to center frequency ratio (fClK/fa) of the filter (see 
modes 1 b, 1 c, 2a, 2b) or to feedforward the input signal for 
all pass filter configurations (see modes 4 and 5). They can 

Ml2111 

also be used, as in mode 1 d to avoid the finite phase shift 
through the input amplifier, hence allowing higher operat
ing frequencies. When these pins are not used, they should 
be tied to the AGND pin. 

SAiB (Pin 6) 

When SA/B is high, the S2 negative input of the voltage 
summer is tied to the lowpass output. When the SA/B pin is 
connected to the negiltive supply, the S2 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 112 of the supply 
and bypassed with a O.lJo1F and a O.OlJo1F disc ceramic 
capacitor. The positive inputs of the internal op amps and 
the reference point of the internal switches are connected 
to the AGND pin. 

felK/fo RATIO 

The ML2111 isa sampled data filter and approximates 
continuous tirne filters.The filter deviates from its ideal 
continuous filter model when the (fClK/fa) ratio decreases 
and when the Qs are low. 

fo x Q PRODUCT RATIO 

The foxQ product of the ML2111 depends on the clock 
frequency and the mode of operation. For clock frequen
cies below sMHz, in mode 1 and its derivatives, the 
faxQ product is mainly limited by the desired fa and Q 
accuracy. For the same clock frequency and for the same 
Q value the faxQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1. 

Mode 3, Figure 23, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise of the ML2111 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PE RFORMANCE CU RVES(Continued) 
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ML2111 

TYPICAL PERFORMANCE CURVES (Continued) 
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ML.2111 

TYPICAL PERFORMANCE CURVES (Continued) 
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TYPICAL PERFORMANCE CURVES (Continued)· 
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M12111 

FILTER FUNCTION DEFINITIONS 
Each filter of the ML2111 with an external clock and resis
tors approximates 2nd order filter functions. These ,are 
tabulated below in the frequency domain. 

1. Bandpass function: available at the bandpass Qutput 
pins (2, 19), Figure 12. 

G( ') , H"swo/Q 
s = OBP 2 

S2 + (swo/Q) + Wo 

HOBP=Gain at w=wo 

fo=wJ27r; fo is the center frequency of the cOm
plex pole pair. fo is measured as the peak fre
quency of the bandpass output~ 

Q .. Quality factor ofthe complex pole pair. It is the 
ratio of fo to the - 3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 13. 

HOlP = DC gai n of the LP output. 

3. Highpass function: avai,lable only in mode 3 at the out
put pins (3,18), Figure 14. 

S2 
G(S)=HOHP , ' ' 
, S2 + s(wJQ) + w~ 

. fClK 
HOHP=gam ofthe HP output forf- ""2 

4. Notch function: available at pins 3 (18) for'several 
modes of operation. 

G() (H ) (s2+ w2n) 
S - ON2 2 ( IQ) 2 

S +s Wo +wo 
, f 

HON2 = gain of the notch output forf- Ct 
HONl = gain ofthe·notch output forf-O 

fn =wn/21r; fn is the frequency of the notCh 
occurrence. 

5. All pass' function: available at pins 3(18) for mode4, 4a. 

G() H [s2-s(wo/Q)+wi'J 
s = OAP 

S2 + s(wJQ) + w~ 

HOAP-gain of the all pass output for O<f< fCt 
For all pass functions, the centerfrequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re
sponseis a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than fo. 
For high numeratQrQ's, the magnituderesponsewill have 
a notch at fz. 

BANDPASS OUTPUT 

~ HOBP 1----"-7'" 
Z 0.707 HOBP t---7-";-\. 
~ 

fL fo' fH 
f(LOG, SCALE) 

fo ,"" 
Q= fH_fL;fo",~ 

( '::1 ,~I)') fL =f0 2Q + V\'2Q) +1 

fH=lo (~+ V(2~)' +1) 

Figure 1,2 

LOWPASS OUTPUT 

~ H~~~ 1====;:::::01' 
Z 0.707 HOLP ~ 
~ r 

fp=foV1 - I" 
2Q' 

Ip fe 
I(LOG SCALE) 

HOp=HOLPX F'= , .l I_~I~ 
Q 4Q' 

Figure 13 

HIGHPASS OUTPUT 

~ HOP~==~~~ __ __ 
~ HOHP 
Z 0,.707 HOHP 

~ 

Ie fp 
f(LOGSCALE) 

-1' 

fp"lo,X [VI- 2~' ] 

HOP=HOHPXh 
.l 1--' I~ 
Q 4Q' 

Figure 14 
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ML2,111 

OPERATION MODES 

Table 1. 1 st Order Functions 

MODE PIN 2 (19) PIN 3 (18) fc fz 

6a LP HP fCLK R2 --x-
100(50) R3 

6b LP LP fCLK R2 --x-
100(50) R3 

7 LP AP fCLK R2 --x- fClK R2 --x-
100(50) R3 100(50) R3 

Table 2. 2nd Order Functions 

MODE PIN 1 (20) PIN 2 (19) PIN 3 (18) fo fN 

1 LP BP Notch fClK fo 

100(50) 

1a LP BP BP ~ 
100(50) 

1b LP BP Notch fClK -J R6 fClK -J R6 
100(50) x 1 + R5+R6 100(50) x 1 + R5 + R6 

1c LP BP Notch fClK ~ fClK ~ 
100(50) x R5.+R6 100(50) x R5 + R6 . 

1d LP BP ~ 
100(50) 

2 LP BP Notch fClK R felK 
100(50) x 1 + R4 100(50) 

2a LP BP Notch felK -J R2 R6 felK V R6 
100(50) x 1 + R4 + R5 + R6 100(50) x 1 + R5+R6 

2b LP BP Notch felK ~R2 R6 felK ~ 
100(50) x R4 + R5+R6 100(50) x R5 + R6 

3 LP BP HP felK Vf!4 
100(50) x R4 

3a LP BP Notch felK JfA felK Jff; 
100(50) x R4 100(50) x ~. 

4 LP BP AP felK 

100(50) 

4a LP BP AP fClK -Ifa 
100(50) x R4 

5 LP BP C.Z felK R felK n 
100(50) x 1 + R4 100(50) x 1- R4 
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Ml2111 

OPERATION MODES (Continued) 

There are basically three modes of operation: mode 1, mode 
2; mode 3. In the mode 1, Figure 15, the input amplifier is 
outside the resonant loop. Because of this, mode jand its 
derivatives (mode la, 1b, le, 1d) are faster than modes 2 and 
3. The table beiowgives an approximation of the frequency 
range for each mode. 

Model' High Frequency Modll 

1, la, ld fo upto 150kHz; Q up to 20'-
lb,lc fo up to 100kHz; Q up to 30 

Mode 2 Flexible for Notches 

2,2a,2b fo up to 30 kHz; Q up to 30 

Mode 3 Most Flexible/1Dw Component Count 

3,3a fo up to 30 kHz; Q up to 30 

• Q and fo have an inverse relationship. This table is only an 
approximation', Actual performance depends on board layout and stray 

capacitance. 
•• 15% of less Q deviation, Higher Q's can be realized with greater 

deviation, 

Mode 1 a, Figure 16, represents the most simple hook-up 
of the ML2111. Mode 1 a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is~qual to the value of Q, and a s,econd order, 
clock tunable, BPresonator can be achieved with only 2 
resistors; The filter center'frequency directly depends on 
the external clock frequency. For high order filters, 
mode 1 a is not practical as it requires several clock fre
quencies to tune the overall filter response. 

1/2 ML2111 

R3 

RZ 
N SIA"" '--"VII'r---o 3(18) 5(16) 

Rl 
V'N --1>1'1",..-0-1 

4(17) 

v+ 

LP 
1(20) 

1 = ....!9L.· 1 =1, HOLP= -]!;!. HOBP- -~. HON'- - ]!;!'Q- ~ o 100(50)' n 0, R1' - R1' - R1' - R2 

NOTE: HEClRICAL JESTING IS PERFORMED 
WITH FOLLOWING RESISTOR VALUES: 
Q= 1 WITH Rl = RZ= R3=2k 
Q .10 WITH 'Rl = R3 - 20k, RZ =2k 

Figure 15. Mode 1:,2nd Order Filter Providing Notch, 
Bandpass, Lowpass 

3-96 

Mode 1 a is a good choice when Butterworth filters are de
sired sinC;:f;! they have poles in a circle with the same fo. 
Pig'ure 3i'shows an example of a 4th order 100kHz ,Iow
pass B,utterworth filter clocked at SMHz. 

A monotonic passband response with a smooth transition 
band results, showing the circuit's low sensitivity, even 
though 1 % resistors are used which result in an approxi
inate value of Q. 

Mode 1, Figure lS, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1, a bandpass out
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. Figure 32 is an example of a 4th order 
bandpass filter implemented by cascading 2 sections each 
with aQ of 10. This figure shows the amplitude respbnse 
when felK = 7.SMHz resulting in ,a center frequency of ' 

, lS0kHz and a Q of lS.S . 

Modes 1 b and,lc, Figures 17, 18are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre
quency can be adjustedwith an external resistor ratio. 

The clock to center frequency ratio range is: 

sao felK 100 50 
-~--~-or-' mode 1c 

1 'fo 1 • 1 ' 

100 , SO, fe, lK 100 SO d' b -' -or-~-~--or--'mo e1 
1 1 fo .J2 .J2 ' 

The input impedance of the 51 pin is clock depend-
ent, and in general RS should not be larger than Sk for 
felK < 2.5MHz and 1 k to 2k for felK > 2.SMHz. Mode 1 b 

, can be used to increase the clock to center frequency ratio 
, beyond 100:1. Fdrthis mode, the limit for the (felKffo) ratio 

is SOO:l. Beyond this, the filter will exhibit large output off
sets. Mode 1 d, Figure 19, is the fastest mode of operation: 
In the SO:l,1node centerJrequencies beyond lS0kHz can 
easily be achieved. Figure 33 is an example using mode ld 
of a 4th order filter where each section has a Q of 1 in

,dependertt of resistor ratios. In this mode the input ampli
fier is outside the damping (Q) loop. Therefore, its finite 
bandwidth does not degrade the response at high fre
quency. This allows the amplifier to be used as an anti
aliasing and continuous smoothing filter by placing a 
capacitor across R2. 

Modes 2, 2a, and 2b have a notch output which fre
quency, fn' can be tuned independently from the center 
frequency, fo. For all cases, however, fn<fo. These modes 
are useful when cascading second order functions to cre
ate an overall elliptic highpass, bandpass or notch re
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode 1 'so 



OPE RATION MODES (Continued) 

112 ML2111 

R3 

I - _.i.m_. Q = !!J. H = _ !!J. 
o - 100(50)' R2' OSPl R2' 

HOBP' = I(NONINVERTING);HOlP= -1 

LP 
1(20) 

Ml2111 

112 ML2111 

R6 R5 

R3 

R2 

I ICLK ~'I I'Q Rl~. 
0= 100(50) V'''' R5+i6' n= 0, = 'R2V' T R5+i6' 

Figure 16. Mode la: 2nd Order Filter Providing 
Bandpass, Lowpass 

Figure 17. Mode lb: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 

R3 

R2 

R6 R5 

112 ML2111 

LP 
1(20) 

fcLK .~I I Rl ~ 
fo= 100(50) V R5 + R6; n= 0; Q= ilVR5+R6; 

Figure 18. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

R3B R3A 

R2 

1/2 ML2111 

LP 
1(20) 

I ICLK R3A R2 
0= 100(50); Q= 1 + RlB; HOBP= - Rl x Q 

Figure 19. Mode ld: 2ndOrder Filter Providing Bandpass and Lowpass for Qs Greater or Equalto 1 
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Mt2111' 

OPE RATION MODES (Continued) 

R4, 

R4 

, R3 

R2' 

1/2 ML2111 

LP 
1(20) 

I ICLK , ,~. ( ic'K, ."Q' Rl~. H - R2/Rl 
0= 100(50) V'"':jw' n= 100(50)' =i2V'+1W' OLP= 1+ (R2/R4) 

HORP= -Rl/Rl; HON,(f-O)= 1 ~:~~); HON2 (1- leiK) = -R2/Rl 

Figure 20. Mode 2: 2nd Order, Filter Provi/iing Notch, Bandpass, Lowpass 

112 Ml2111 

R6 

R3 .". 

Rl 
V,N -'VII ..... -O---1 

4(171 

LP 
1(20) 

I ICLK V R2 R6. I ICLK V R6. R3V R2 R6' 
0= 100(50) 1 + R4 + R5+ R6' n= 100(50) 1 + R5+ R6,Q= i2 1 + R4 + R5+ R6 

H ' (I 0) R2 I 1 + R6/(R5 + R6) I . H (I ICLK) R2/R1 
aNI - = - lIT 1+ (R2/R4) + [R6I(R5 + R6)]' ON2 - ""2 =-

, HORP= - R3/R1; HQLp= - R2/R1 
1 + (R2/R4) + [R6/(R5 + R6)] 

Figure 21. Mode 2a: 2nd Order F,ilter Providing Notch, Bandpass, Lowpass 

R4 

R3 

R2 

R6 R5 

·1/2 ML2111 

LP 
1(20) 

I feLK VR2 R6. I' leLK , (Ii.6. R3y.R2 R6 
0= 100(50) R4 + R5+R6' 0='00(50) VR5+R6,Q= i2 R4 + R5+R6 

H (1 -0') = - ~ I R6I(RS + R6) I· H ~I_ ICLK) - - / ON' Rl (R2/R4) + [R6I(RS + R6)] , ON2 ~ 2 - R2 Rl 

Figure 22. Mode:2b: 2nd Order Filter Providing Notch, Bandp~ss, lowpass 
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Ml2111 

OPE RATION MODES (Continued) 

In mode 3, Figure 23, a single resistor ratio (R2/ R4) can tune 
the center frequency below or above the fCLK /l00 (orfCLK/ 
50) ratio. Mode 3 is a state variable configuration since it 
provides a highpass, bandpass, lowpass output through pro
gressive integration; notches are obtained by summing the 
highpass and lowpass outputs (modes 3a, Figure 24). The 

notch frequency can be tuned below or above the center 
frequency through the resistor ratio (Rh/RI)' Because ofthis, 
modes 3 and 3a are the most versatile and useful modes for 
cascading second order sections to obtain high order elliptic 
filters with frequencies up to 30 kHz. 

112 ML2111 

R4 

R3 

R2 
BP lP 
2(19) 1(20) 

Rl 

10= 1~~~:0) ~;Q= H~; HOHP= - R2/Rl; HOlP= -R4/Rl; HOBP= - ~ 

Figure 23. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, Lowpass 

112 ML2111 

R4 

R3 

R2 
lP 
1(20) 

Rg 

10= 1~~~:0) yiH; fn = 1~~~:0)~; HOHP= - R2/Rl; HOBP= - R3/Rl. HOlP= - R4/Rl 

NOTCH 

Figure 24. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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ML2111 

OPE RATION MODES (Continued) 

VIN 

" 

112 ML2111 
, " 

" 

R3 

R2 
AP SIA DP 
3(161 5(16) 2(19) 

Rl =R2 

4(17) 

SAiB 

J 15 

.". 
V+" 

I leLK 'R3' 'R2 (R3) 
0= 100(50) ,Q= R2' HOAP,= - i1' HOLP= -2, HOBP= ,-2 R2 

'i 

LP 
1(20) 

Figure 25. Mode 4: 2nd Order Filter Providing Allpass, Bandpass, Lowpass 

112 ML2111 

R4 

R3 

I leLK, '/ii2;'Q R3,!Ri. H R5. H R2. H R3. H R4 
0"" 100(50).Vi4' =iUVi4' OAP=2i' oHP=-R1' OBP=-iR' OLP=-il' 

Figure 26. Mode 4a: 2nd Order Filter Providing Highpass,~andpass, Lowpass, Allpass 

"',.," 
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OPERATION MODES (Continued) 

1/2 ML2111 

R4 

R3 

R2 

Ql = JQ- 11=R1. HOl(I-O) = (R4/R1) -1. HOl (1- InK) =~. 
R1 V' - i!4' (R4/R2) + l' 2 R1' 

HOBP=!I~ (1 +~) . HOlP= L+(R2/R1) 
R2 R1' 1 + (R2/R4) 

Figure 27. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, Lowpass 

1/2 ML2111 

R3 

lP2 
2(19) 1(20) 

4(17) 

Ic = 1~~:0~!3; HOLP1 = 1; HOlP2 = --H 

lP 
1(20) 

Figure 29. Mode 6b: 1 st Order Filter Providing Lowpass 

ML2111 

1/2 ML2111 

R3 

1(20) 

Ic = 1~~~:0~!3; HOlP = - Rl/R1; HOHP = - R2/R1 

Figure 2B. Mode 6a: 1st Order Filter Providing Highpass, 
Lowpass 

1/2 ML2111 

R3 

1(20) 

HOlP=2x ~ 

1- ICLKR2 • _~. = < <InK 
p - 100(50) R3 ' Iz - 100(50) R3 ' GAl N AT OUTPUT 1 FOR 0 - L 2 

Figure 30. Mode 7: 1 st Order Filter Providing Allpass, 
Lowpass 

'Micro Linear 

II 



ML2111 

OPE RATION MODES (Continued) 

F----1I--VOUT 

{ Ql =0.541 
-5V. Q2=1.302 

1 % RESISTOR VALUES 
(ACTUAL VALliES USED) 

R21 = 37460 R22 = 19960 
R31 = 20030 R32 = 26040 

-10 

-20 

;-:30 
z 
{-40 

" 1:- 50 

-60 

-70 

-80 

10k 

~101777HZ 
-3.058dS 

lOOk 
FREQUENCY (Hz) 

" " '\ 

Figure 31. 4th Order, 100kHz lowpass Butterworth Filter Obtained by Cascading 2 Sections in Mode 1 a 

VOUT 

1 LPA 20 R12 
LP. 

R31 
2 SPA 19 R32 

SP. 
R21 

3 NA 18 R22 

R11 N. 
Y,N 17 2.82Vp-p INV. 

(1VRMS) Ql=Q2=10 

7.5~~~""""~-------' 
RESISTOR VALUES 

R11 = 20kO R12 = 20kll 
R21 =2kll R22=2kO 
il31 = 20kll R33 = 20kO 

-10 

-20 

-30 

~-40 
z 
~-50 

!5 
1:-60 

-70 

-80 

-90 

I""---" 

10k 

V ...... 

1\ 
1\ 

/ \ 
I 

/ 

lOOk 
FREQUENCY (Hz) 

__ 149871 Hz 
-0.031d8 

\ 
"-

"-
'\ 

Figure 32. Cascading Two Sections in Mode 1, Each With Q = 10 Results in a Bandpass Filter with Q = 15.5 and 
fo = 150kHz (fcLK = 7.5MHz) 
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OPE RATION MODES (Continued) 

LPoF2.:..0 -----+-
19 

BPO 
lB R22 

No Ft-'Wrlr'lo""'....J 
R12 

INVoFl,-7 -1----' 

S10 
16 

AGND 15 

-5V 

+5V 

RESISTOR VALUES 
Rll - R21 - R12 - R22 - 2.0kO 

VOUT 0 

-10 

-20 

=-30 
:s 
~-40 

5- 50 
> 

-60 

-70 

-80 

10k 

~ 

lOOk 
FREQU E NCY (Hz) 

ML2111 

r---166 224Hz 
-3.121dB 

"-
'\ 

\. 

1\ 

1M 

Figure 33. Cascading Two Sections in Mode ld, Each With Q = 1 (Independent of Resistor Ratios) Creates a Sharper 4th 
Order Lowpass Filter 

Y,N 
2.82Vp•p 

R31 

R24 

R32 

R34 

+"sv 

,-----VOUT 

1 LPA LPo 
20 

2 BPA BPo 
19 

3 NA 18 R21 
No 

4 ,NVA INVo 
17 

-5V 

+5V 

1 % RESISTOR·VALUES 
R21 - R22 - R23- R24_2k 
R32-4.9k 
R34_ 1000 
il31-80k 

R22 R23 

fCLK - 6.5MHz 

Figure 34. Notch Filter with Q = 50 and fo = 130kHz. This Circuit Uses Side A's Biquad in Mode ld and the Side B Op 
Amp to Create a Notch Whose Depth is Controlled by R31. The Notch is Created by Subtracting the Bandpass from VIN. 
The Bandpass of Side A is Subtracted Using the Op Amp of Side B. . 
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OFFSETS 
Switched capacitor integrators generally exhibit higher in
put offsets than discrete R, C integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall budget. 

Figure 35 shows half oftheMLi111 filter with its equiva
lent input offsets V051 , V052, V053· 

The DC offset at the filter bandpass output is always equal 
to V053. The DC offsets at the remaining two outputs 

(Notch and LP) depend on the mode of operation and ex
ternal resistor ratios. Table 3 illustrates this. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the putput DC offsets 
increase when: 
1. The Q's decrease 
2. The ratio (felK/fo) increases beyond 100:1. This is d()ne 

by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 

Figure 35. Equivalent Input Offsets of 1/2 ML2111 Filter 

Table 3 

VOSN V OSBP VOSLP 
MODE PIN 3 (18) PIN 2 (19) PIN 1 (20) 

1,4 Vos1[{l/Q)+1 +UHOLpU]-Vos3/Q VOS3 VOSN-VOS2 
la Vos1[1 + (l/Q)]-VOS3/Q VOS3 VOSN-VOS2 
Ib Vos1[{l/Q).+ 1 +R2/Rl]-Vos3/Q·. VOS3 "';{VOSN -VOS2) (1 + RS/R6) 
fc VosJ[{1/Q):-'+ R2/Rl].- VOS3JQ VOS3 (V V) (RS+R6) 

- OSN-. OS2 (RS+2R6) 

lel VOS1 [1+ R2/RlJ .. . VOS3 VosN - Vos2 - Vosj/Q 
2;5 .. [Vos1 {l + R2/Rl+ R2/R3 + R2IR4)- Vos3{R2/R3)] x VOS3 VOSN-VOS2 

[R4/(R2 + R4)j.+ V6S2[R2f{R2 + R4)] 
2a [V051 (1 + R2/Rl + R2/R3 + R2/R4) -"'VOS3 (R2/R3)] x VOS3 (V V) (R5+R6) 

[ R4{l+kl 1 +v V· R2 j'k- R6 
- OSN- OS2 (RS+2R6) 

R2+R4(1.+k) OS2 R2+R4{l+k) .'. - RS+R6 
2b [VOS1 (1 +R2/Rl + R2/R3 + R2/IH) - VOS3 (R41R3)] x 

I R4kl .. [R2 ' 1 . . R6 VOS3 -(VOSN-VOS2){l + RS/R6) 
~ ·+V· 'k---
R2 + R4k.·, OS2 R2+.R4k'· RS+ R6 

·3,4a V6S2 V053 
Vos1 I R4 R4R4] (R4) 1 +-+-+~ -VOS2 ~ 

Rl R2 R3 R2 

-VOS3(~~) 

ORDERING INFORMATION 
PART NUMB~R TEMP. RANGE !'ACKAGE . pART NUMBER TEMP. RANGE PACKAGE 

Ml2111BCP O°C to +70°C MOLDED DIP (P20) ML2111BMJ -55°C to +125°C HERMETIC DIP (J20) 

ML2111CCP O°C to +70°C MOLDED DIP (P20) ML2111CMJ -55°C to +125°C HERMETIC DIP (J20) 

ML2111BCS O°C to +70°C MOLDED SOIC (S20W) ML2111BIP -40°C to +85°C MOLDED DIP (P20) . 

ML2111CCS O°C to +70°C MOLDED SOIC (S20W) ML2111CIP -40°C to +85°C MOLDED DIP (P20) 

ML2111BIJ -40°C to +85°(: HERMETIC DIP (20) ML2111BIS -40°C to +8Soc MOLDED SOIC (S20W) 

ML2111CIJ -40°C to +85°C HERMETIC DIP (20) ML2111CIS -40°C to +8SoC MOLDED SOIC (S20W) 

3'-104 "MicroL.iriear· 
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1 OBASE-T Tranceivers 

Part Number Applications LED Outputs 

Ml4652 Internal MAU 6 
External MAU 

Ml4658 Internal MAU 6 
External MAU 

Ml4654 HUB MAU 5 

Ml2652 PC Card 7 

Fiber Optic Quantizers and LED Drivers 

Part Number 

Ml4621 

Ml4622 

Ml4624 

Ml6622 

Ml4632 

Ml6632 

AUI Multiplexers 

Part Number 

Ml4642 

Token Ring Physical Interface 

Part Number 

Ml6682 

Application 

Station 
Concentrator 

I/O Types 

TTL, ECl 

TTL, ECl 

TTL, ECl 

ECl 

TTL, ECl 

ECl, TTL 

Number of Channels 

2 

Data Rates 

4 Mbps 
16 Mbps 

Data Communications 

Autopolarity 

No 

Yes 

Yes 

Yes 

Bandwidth 

50 MHz 

40 MHz 

40 MHz 

150 MHz 

20 MHz 

150 MHz 

Cascadeable 

Yes 

Cable Type 

UTP 
STP 

Selection Guide 

Package Types 

24 Pin Skinny DIP 
28 Pin PlCC 

24 Pin Skinny DIP 
28 Pin PlCC 

20 Pin Skinny DIP 
28 Pin PlCC 

44 Pin PlCC 
44 Pin TQFP 

Package Types 

24 Pin Skinny DIP 
28 Pin PlCC 

16 Pin Skinny DIP 
16 Pin Narrow SOIC 

24 Pin Skinny DIP 
28 Pin PlCC 

16 Pin DIP 
16 Pin Narrow SOIC 

14 Pin DIP 
16 Pin SOIC 

8 Pin DIP 
8 Pin SOIC 

Package Type 

28 Pin SSOP 

Package Type 

44 Pin TQFP 

'Micro~Linear 
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SONET/FDDI 
Part Numb& Bandwidth Cable Type Package 

ML6622 Quantizer 150 MHz Fiber 16 Pin DIP 
16 Pin Narrow SOIC 

ML6632 LED Driver 150 MHz Fiber 8 Pin DIP 
8 Pin SOIC 

ML6671 ML T-3 Transceiver 80 MHz Shielded Twisted Pair 28 Pin SSOP 
Data Grade Twisted Pair 
Category 5 

Evaluation Kits 

Part Number Kit Includes I/O LED Outputs 

ML4661 EVAL PC Board AUI Connector Transmit 
ML4662EVAL ML Samples Fiber Optic Receive 
ML4663EVAL HFBR2416 ST Connector Jabber 

HFBR1414 Collision 
Users Guide Link Detect 
AUI Connectors Power 
Transformers 
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PRELIMINARY 

ML2652 

1 OBase-T Physical Interface Chip 

GENERAL DESCRIPTION 

The ML2652, 10BASE-T Physical Interface Chip, is a 
complete physical interface for twisted pair and AUI 
Ethernet applications. It combines a 1 OBASE-T MAU, 
Manchester Encoder/Decoder, and Twisted Pair Interface 
filters in one monolithic Ie. A complete DTE interface for 
twisted pair Ethernet can be implemented by combining 
the ML2652, an Ethernet controller, and transformers. 

The ML2652 can automatically select between an AUI 
and twisted pair interface based on Link Pulses. The 
AUISEL status LED reflects which port is active. Receive 
Polarity can also be automatically corrected. Seven LED 
outputs provide complete status at the physical link. Link 
Test and Receive Polarity can be enabled or disabled 
through the LED outputs. 

The unique transmitter design uses a waveform generator 
and low pass filter to meet the 1 OBASE-T transmitter 
requirements without the need for an external filter. The 
differential current driven output reduces common mode 
which in turn results in very low EMI and RFI noise. 

The ML2652 is implemented in a low power double 
polysilicon CMOS technology. 

BLOCK DIAGRAM 

r--

I 
I 

T.C ...--!---1 
T.E~ 
T.D -t--

I 
I 
I 
I 

COL~-+---I 

I 
LPBK~ 

I 
I 
I 
I 

R.C ~--l._--I 
R.E ~--+--l 

R.D ~--l.I_--I 

I 

CONTROllER 
INTERFACE 

CLK! B 

ENABLE 

L __________ _ 

AUISEL CLS LTP 

FEATURES 

• Complete physical interface solution 

• Conforms to IEEE 802.3i-1990 (1 OBase-T) 

• On-chip transmit and receive filters 

• AUI and Twisted Pair interface 

• Automatic AUI/Twisted Pair selection 

• Power down mode 

• Pins selectable controller interface
Intel 82586, 82596 
NSC DP8390 
Seeq 8003, 8005 
AMD 7990 
Fujitsu MB86950 

• Automatic polarity correction 

• Pin selectable receive squelch levels 

• Status pins for: polarity, link detect, receive & 
transmit activity, collision, jabber, AUI selection 

• Single supply 5V ±5% 

• 44 pin PCC package 

JABDIS 

RTX 

Tn 

T.-

R.+ 

R.-

RSL 

DO+ 
DO-
CI+ 
CI-
DI+ 
DI-

AUI!TP 
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ML2652 

PIN DESCRIPTION 

NAM~ FUNCTION 

vce 
GND 

ClK 

Tx+ 

Tx-

Rx+ 

Rx-

DO+ 

DO-

DI+ 

f10sitive supply. +5YT, 

Ground. 0 volts. All inputs and outputs referenced 
to this point. ' 

Clock input. There must be either a 20 MHz 
crystal or a 20 MHz clock between this pin 
and GND.' , 

Transmit positive twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 

Transmit negative twisted pair output. This output 
is a current source that drives the twisted paiJ 
cable through a pulse transformer. 

Receive positive twisted pair input.. This input 
receives data from the twisted pair cable through 
a pulse transformer. 

Receive negative twisted pair input. This input 
receives data from the twisted pair cable through 
a pulse transformer. ' 

AUI positive transmit output. AUI transmit data 
output to optional external transceiver. 

AUI negative transmit output AUI transmit data 
output to optional external tra~sceiver. 

AUI positive receive data inputfrom optional 
external transceiver. 

DI- AUlnegative receive data input from optional 
external transceiver. 

el+ AUI positive collision input from optional 
external transceiver. 

CI- AUI negative collision input from optional 
external transceiver. 

RTX Transmit current set. An external resistor between 
this pin and GND programs the absolutevalue of 
output current on Tx±: 

TxC Transmit clock output. Dighal output which 
clocks the transmit data (TxD) into the device 
from the controller., 

TxD Transmit data input. Digital input which contains 
transm it data from the controller.' 

TxE Transmit enable input. Digital input from the 
controller that indicates when the transmit data 
(TxD) is valid. 

COL Collision output Digital output to the controller 
which indicates when a collision condition is 
present. 

RxC Receive clock output. Digital output which clocks 
receive data (RxD) from the device into the 
controller. 
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NAME FUNCTION 

Rx6 . Receive data output. Digital output which 
contains receive data sent to the controller. 

\ 

RxE Receive data valid. Digital output to the controller 
that indicates when the receive data (RxD) is 
valid. . . 

LPBK Loc;alloopback. Digital input from the.controller 
which forces.thedevice to loopbasck transmit 
data without sending it on the media.. . 

lBKDI5 Disables AUlloopback and collision detection. 
Allows loopback through RI45 for diagnostic 
purposes .. 

High = loopback Disabled, 
low = normal operation. 

C50 Controller selection input. Digital input which 
selects one of 5 standard controller timing 
interfaces. This pin has an internal pulldown 
resistor to GND. 

C51 Controller select input. Digital input which selects 
one of five standard co.ntro/.ler timing interfaces. 
This pin has:an internal pulldown resistor to· 
GND. 

C52 Controller'select input. Digital input which selects 
one of 5 standard controller 'timing interfaces. 
This pin has an internal pulldown resistor to 
GND. 

R5L Receive~quelch level sele<;t input. Pin has 
internal pullup resistor to vee. 

R5L = High Receive squelCh .level = 1 OBase-T 
R5L = Low Receive squelch level = extended 

distance 

XMr Transmit status output. Digital output which 
indicates data transmission on Tx+ and Tx-. 
Pin is open drain output with resistor pullup and 
.is capable of driving an LED. 

RCV .Receive status output. Digital output which 
indicates unsquelched data reception on Rx+ 
and Rx-. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 

CL5 Collision status output. Digital output which 
indicates that collision condition has been 
detected. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 

LTP Link test pass output/input. This pin consists of an 
open drain output transistor witn,a resistor pullup 
that serves both as a link test pass output and a 
link test disable input. When used as an output, 
th~n is capable of driving an LED. 

LTP = High, link test failed 
LTP = Low, link test pass 
LTP = GND, link test disabled 



PIN DESCRIPTION (Continued) 

NAME FUNCTION 

AUI!TP AUI/twistedpair interface select input. 
AUI!TP = High, AUI selected 
AUI!TP = Low, TP selected 

RPOL Receive polarity status output/input. This pin 
consists of an open drain output transistor with a 
resistor pullup that serves both as a receive 
polarity status output and as an automatic polarity 
correction input. When used as an output, this 
pin is capable of driving an LED. 

RPOL = High, receive polarity reversed 
RPOL = Low, receive polarity correct 
RPOL = GND, auto polarity correction enabled 

PIN CONNECTION 

LPBK 

Rx+ 

Rx-

NC 

NC 

01+ 

01-

Ml2652 

NAME FUNCTION 

JAB Jabber detect output. Digital output which 
indicates that the jabber condition has been 
detected. Pin is an open drain output with resister 
pufup and is capable of driving a LED. 

JAB = High, normal 
JAB = Low, jabber detected 

AUlsEL AUI!TP port output status 
AUlsEL = Hign, TP port selected 
AUlsEL = Low, AUI port selected 

JAB DIS Jabber disable input 
JAB DIS = High, jabber disabled 
JAB DIS = Low, normal operation 

NC No connect. Leave this pin open circuit. 

RSL 

JAB 

XMT 

CLS 

RCV 

RXO 

RxC 

RxE 

CSl 

GNO 

~"'Micro Linear 4-5 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are limits beyond which the 
life of the integrated circuit may be impaired, All voltages 
unless otherwise specified are measured with respect to 
GND. (Note 1) 

vee supply voltage ........................................... +6.5 volts 
All inputs and outputs ......................... -0.3vto vee + .3v 
Input current per pin .............................................. ±25 mA 
Power dissipation ............................................... 0.75 Watt 
Storage temperature range ...................... -65°e to + 1500 e 
Lead temperature (soldering, 10 sec) ....................... 3000 e 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = ooe to 700 e, Vee = 5V +5%. Note 2 & 3. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vil Digital input low voltage All except CLK .8 V 
ClK 1.5 V 

VIH Digital input high voltage All except ClK 2.0 V 
ClK 3.5 V 

III Digital input low current VIN=GND TxD, TxE, AUI(rP -1 ~A 
VIN=c::;ND lPBK, CS2-0, lBDIS,JABDIS -1 ~A 
VIN=GND RSl -10 -25 -50 ~A 
VIN=GND l TP, RPOl, -125 -250 -500 ~A 
VIN=GND ClK -250 ~A 

IIH Digital input high current VIN=VCC TxD, TxE, AUI(rP 1 ~A 
VIN=VCC lPBK, CS2-0, lBDIS, JABDIS 10 25 50 ~A 
VIN=VCC RSl 1 ~A 
VIN=vcC LTP, RPOl 1 ~A 
VIN=VCC ClK 250 ~A 

ClN Digital input capacitance All except ClK 5 pF 
CLK 10 pF 

VOL Digital output low voltage IOl=-2mA TxC, COL, 
RxC, RxD, RxE .4 V 
IOl=-20mA XMT, RCV, 
ClS, l TP, RPOL, JAB .6 V 

VOH Digital output high voltage IOH=2mA TxC. COL, 
RxC. RxD, RxE 4.0 V 
IOl=lOuA XMT, RCV, CLS, 
l TP, RPOl, JAB 2.4 V 

ICC VCC supply current TX transmission 140 mA 
No transmission 105 mA 
Powerdown mode .1 mA 

TOV Tx± differential 
output voltage 2.2 2.5 2.8 Vp 

THD Tx± harmonic distortion TxD=all ones -27 dB 

TCM Tx± common mode 
output voltage ± 50 mVp 

TCMR Tx± common mode rejection VCM=15vp, 10.1 MHz sine ± 100 mVp 

TOVI Tx± differential output 
voltage during idle ± 50 mVp 

4-6 
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Ml2652 

ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

TOIA Tx± output current accuracy RTX=10K 50 mA 

TRO Tx± output resistance 1 Mohm 

TCO Tx± output capacitance 10 pF 

RRI Receive input resistance 5K 10K ohms 

RCI Receive input capacitance 10 pF 

RSON Receive squelch on level RSL=l 300 585 mVp 
RSL=O 200 390 mVp 

RSOF Receive squelch off level RSL=l 200 390 mVp 
RSL=O 133 260 mVp 

DOV DO± differential 
output voltage ± 550 ± 1170 mV 

DOVI DO± differential 
output voltage during idle ± 40 mV 

DOUS DO±differentialoutput 
voltage return to 0 undershoot -100 mV 

DOCMA DO± common mode AC 
output voltage ± 40 mV 

DOCMA DO± common mode DC 
output voltage VCC *.5 V I 

DIRI DI/CI input resistance 5K 10K ohms 

DICI DI/CI input capacitance 10 pF 

DIBV DI/CI input bias voltage DI/CI floating VCC *.5 V 

DISON DI/CI squelch on level -250 -375 mVp 

DISOF DI/CI squelch off level -175 -275 mVp 

tl TxC on time 45 55 ns 

t2 TxC off time 45 55 ns 

t3 TxC period 100 ns 

t4 TxE setup time 25 ns 

t5 TxE hold time 0 ns 

t6 TxD setup time 25 ns 

t7 TxD hold time 0 ns 

t8 Transmit propagation delay Tx± 60 200 ns 
DO± 200 ns 

t9 Start of Idle Tx± 
Pulse Width DO± 225 350 ns 

tlO 501 pulse width to within Tx± 4500 ns 
40mV of final value DO± 8000 ns 

.~Micro Linear 4-7 
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ELECTRICAL CHARACTERISTICS (Continued) '. ".'. 

SYMBOL PARAMI;TER CONDJ:nONS MIN TYP MAX U~ITS 

t11 Transmit output jitter Tx± ;t8.0 ns 
DO± ± .5 ns 

.. 

t12 Transmit output 
rise and fall time Tx±,10-90% 5 ns 

t13 T xE to XMT assert 200 ns 

t14 XMT blinker pulse period 95 105 ms 

t15 XMT duty cycle 45 55 %. 

t20 Start of receive packet Rx± 500 ns 
to RxEassert DI± 200. ns 

t21 Start of receive packet Rx+ 1600 ns 
to RxC active DI+ 1300 ns .. 

t22 RxC on time 45 900 ns 

t23 RxC off time 45 55 ns 

t24 RxD val id before RxC 45 ns 

t25 RxD valid after RxC 35 ns 

t26 RxE assert to RCV assert 200 ns 

t27 RCV blinker pulse period 95 105 ms 

t28 RCV duty cycle 45 5S % 

t29 Receive input jitter Preamble ± 12 ns 
Data ±11l ns 

t3Q Receive propagation delay Tx± 160 ns 
DI± 160 ns 

t31 RxC to RxE assert 30 60 ns 

t32 RxC to RxE deassert 20 40 ns 

t33 RxE deassert to RxC switchove·r 100. 200 ns 

t.34 Minimum sal pulse width Tx± 180 ns 
required for receive detection DI± 180 ns 

t40 Jabber activation delay- 20 150 ms 
TxEassert to Tx± disable 

t41 Tx± disable to JAB assert 100 ns 

t42 Jabberreset time - TxE 250 750 ms 
de~ssert to JAB deassert 

t43· Tx± disable to COL assert 50 ns 

t44 Tx±disable to CLS assert 50 ns 

t45 JAB deassert to COL deassert 50 ns 

t46 JAB ·deassert to CLS deassert 50· ns 

t51 
'. Tran~mit' link pulse period 8 24 ms 

. "C 
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ELECTRICAL CHARACTERISTICS (Continued) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

t52 Minimum link pulse period 2 7 ms 
required for receive detection 

t52 Maximum link pulse period 25 150 ms 
required for receive detection 

t53 Receive link pulse no detect 50 150 ms 
to L TP deassert 

t54 Receive link pulse detect to 2 Link Pulse 
LTP assert 

t55 AUI!TP to AUISEL delay 200 ns 

t60 TxE deassert to COL assert .9 1.0 1.1 ~s 

t61 COL pulse Width .9 1.0 1.1 ~s 

t70 Start of RCV packet during Rx± 500 ns 
transmission to COL assert DI± 200 ns 

t71 Start of RCV packet during Rx± 500 ns 
transmission to CLS assert DI± 200 ns 

t72 Start of RCV packet during Rx± 600 ns 
transmission to RxD DI± 300 ns 
switching from Tx to Rx data 

t73 End of RCV packet during Rx± 350 ns 
transmission to RxD DI± 350 ns 
switching from Rx to Tx data 

t74 End of RCV packet during Rx± 250 ns 
transmission to COL deassert DI± 250 ns 

t75 CLS blinker pulse period 95 105 ms 

t76 CLS duty cycle 45 55 % 

t77 Transmission start during Tx± 200 ns 
reception to COL assert DO± 200 ns 

t78 Transmission~rt during Tx± 200 ns 
reception to CLS assert DO± 200 ns 

t79 CI± period 80 120 ns 

t80 C1± duty cycle 40 60 % 

t81 First valid negative C1± 100 ns 
data transition to COL assert 

t82 First valid negative CI± 100 ns 
data transition to CLS assert 

t83 Last C1± positive data 160 200 ns 
transition to COL deassert 

t84 External clock input jitter 50 ps 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty cycle pulse testing is performed at TA. 

'Micro Linear 4-9 
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TIMING DIAGRAMS 

4-10 
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TxE 

MANCH. 
DATA 

XMT 
TWISTED 
PAIR 

RCV 

CS2·0· 000 

PAIR : 

Figure 1. Transmit System Timing 
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Figure 2. Receive Timing 



TIMING DIAGRAMS 
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Figure 3. Transmit Timing 
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Figure 4. Receive Timing - Start of Frame 
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TIMING DIAGRAMS 

4~12 

Rx± ~~h(~_J."\.I,j SOl 
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DI± I 1 __ 134-1 '---------------

I 

RxE 1 
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RxCl21 

RxD 

1 
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2. RxC IS CONTINUOUS DURING IDLE 

Figure 5. Receive Timing -- End of Frame 

TxE I II ,I ----i I~· ---~I·~S--------
I I 
I I 

TXD~~SS--__ _ 
1 I 

1 • 140 • I : 
I 

Tx± -.DOOCxXXKXXX1I-----.,..I---~SI~------
-.: 1--"" 1-142 - 1 

--------------~!~I s~ 
I ~------~ I 

--I :-- 143 _I 
COL ____________ ~I I I 

I 1 I __ I 1 __ 144 -..I 1 __ 14. 

I~ ______________ ~/__ 

Figure 6. Jabber Timing 
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TIMING DIAGRAMS 
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Figure 7. Link Pulse Timing 
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TIMING DIAGRAMS 
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Figure 10. Collision Timing Transmission During Reception 
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FUNCTIONAL DESCRIPTION 

GENERAL 

The Ml2652. is composed of a transmitter section, receive 
section and some miscellaneous functions. 

The transmit section consists of the manchester encoder, 
AUI, jabber detect, link pulse generator, start of idle (SOl) 
pulse generator, waveform generator, and line driver. The 
purpose of the transmit section is to take data from the 
controller, encode it, and transmi(jt over either the AUI or 
twisted pair interface. In addition, the transmit section 
generates link pulses, start of idle pulses, and checks for 
jabber condition. The transmitter keeps the data jitter to a 
maximum of ±8.0ns, and the maximum delay through the 
transmission section is less than 2 bits, or ·200ns. 

The receive section consists of the manchester decoder, 
collision detect, AUI, receive lPF, receive comparators, 
receive squelch, automatic polarity detect/correct, start of 
idle (501) detect, and lihk pulse detect. The purpose of the 
receive section is to lake data from either the twisted pair 
cable or AUI, decode it, then send the data to the 
controller via the controller interface. I~ addition, the 
receive section detects and automatically corrects for 
reverse polarity, detects link pulses, detects start of idle 
pulses, and implements an intelligent receive squelch 
algorithm. The receive section can successfully lock onto 
ari incoming data that contains ±18ns of jitter in less than 
1.61lS. 

The miscellaneous functions are the controller interface, 
single pin crystal oscillator, AUI, ·'oopback modes, test 
mode, and powerdown mode. 

The following text describes each of these blocks and 
functions in more detail. Refer to the block diagram. 

TRANSMISSION 

The transmit data (NRZ) is first clocked into the device 
through the .cdntroller interface. The device can be 
digitally programmed to accommodate any one offive 
standard Ethernet controllers as described in Controller 
section. 

Then the NRZ data is encoded by the manchester encoder 
as shown in transmit timing diagram in Figure 1. 

The manchester encoded data then goes to either the AUI 
or twisted pair interface. The selection of the appropriate 
interface is automatic. If the AUI is selected, the 
manchester encoded data is transmitted out differentially 
on the DO+ and DO- pins, and the twisted pair line 
driver is disabled. If the twisted pair interface is selected, 
the manchester encoded data is transmitted out· 
differentially on Tx+ and Tx- pins, and the transmit AUI is 
disabled. 

Refer to the AUI section for details on how the AUI and 
automatic interface selection is accomplished. 

Assuming that the twisted pair interface is selected, the 
Manchester encoded data then goes to the transmit 
waveform generator. The transmit waveform generator 

takes the digital Manchester encoded data and generates a 
waveform. When this waveform is passed through the 
cable model in the 10BASE-T standard (figure 14-7 IEEE 
Std 802.3i-1990) it meets the voltage template (figure 14-
9 IEEE Std 802.3i-1990). 

The transmit waveform generator is composed of a 16 x 4 
bit ROM, 4 bit DAC, 3rd order lPF, and clock generator. 
The DAC is used to synthesize a stair-step representation 
of a signal that will meet the reqUired output template. 
The ROM stores the digital representation of the output 
signal and provides a digital input to the DAC. The ROM 
is addressed by a 16 phase clock generator that is locked 
to the transmit clock TxC. The high frequency content 
present in the output of the DAC is removed by a 3rd 
order continuous lPF which smooths the output. 

Since the output is synthesized by a DAC, the DAC can be 
reprogrammed with metal mask to provide any arbitrary 
output waveform, thus offeri ng the abiHty to offer custom 
output waveforms and templates. 

The transmit line driver takes the output of the waveform 
generator and converts this voltage to a differential output 
current on Tx+ and Tx- pins. When one transmit output 
(either Tx+ or Tx-) is sinking current, the other output is 
high impedance, and vice versa. In this way, a differential 
output voltage is developed by sinking this output current 
through two external 200 ohm terminatirig resistor and a 
2:1 transformer as shown in Figure 12. 

Setting the external terminating resistors to 200 ohms as 
shown in Figure 12 will implement a 100 ohm terminating 
impedance when looking back through the transformer. If 
other terminating impedances are required (such as 150 
ohm), the terminating resistor values can be adjusted 
accordingly as long as the output current stays within the 
minimum and maximum limits (30-70mA). 

The absolute value of the output currerit, and 
subsequently the output voltage level, is set by an external 
resistor between RTX and GND. If RTX =1 Ok ohms and 
TJ5± isterminated as shown in Figure 12; the output level 
is ±2.5V which meets 802.3i-1990 differential output 
voltage requirements. If a different output current/voltage 
level is desired, the level can be changed by changing the 
value of RTX according to the following formula: 

RTX =. K*Vb/lout 

= 125*4v/50mA 

RTX = 10kn 

When data is being transmitted (and there is no collision 
or link pulse fail condition), the transmit data is looped 
back to the. receive path, and the Manchester decoder will 
lock onto the transm it data stream. 

After data transmission is completed, the transmitter sends 
a start of idle (501) pulse to signal the end of a packet. 
During the idle period, Tx+ and Tx- are held low. 
Occasionally, link pulses are transmitted during the idle 

. period. 



The XMT pin is an output that indicates transmit activity. 
The pin consists of an open drain output with an internal 
pull-up resistor and can drive an LED from VCC or 
another digital input. In order to make an LED visible, 
XMT has an internal blinker circuit that generates a lOOms 
blink (SOms high, SOms low) that is triggered when a 
trans-mission starts. At the completion of the lOOms blink 
period, if a transmission is in progress, another lOOms 
blink is generated. 

RECEPTION 

The twisted pair receive data is typically transformer 
coupled and terminated with an external resistor as shown 
in Figure 12. 

The output of the transformer is then applied to the device 
input pins Rx+ and Rx-. The input is differential, and the 
common mode input voltage is biased to VCC/2 by two 
internal 10K bias resistors from Rx+, Rx- to VCC/2. 

The Rx+ and Rx- inputs then go to the receive filter. The 
receive filter is a continuous 3rd order LPF and has the 
followi ng characteristics: 

1. 3 dB cut-off frequency 

2. Insertion Loss (S-1 0 MHz) 

3. 30 MHz attenuatiori 

IS MHz 

1.0 dB 

17.S dB min. 

The output of the filter ,goes to the receive comparators. 
There are two receive comparators inside the chip, 
threshold and zero crossing. The threshold comparator 
determines if the receive data is valid by checking the 
input sigl~al level against a predetermined positive and 
negative squelch level. Once the threshold comparator 
determines that valid data is being received, the zero 
crossing comparator senses zero crossings to determine 
data transitions. Both comparators are fast enough to 
respond to 12ns pulse widths with minimum squelch 
ow~riw. ' , 

The receive squelch circuit determines when data on 
incoming Rx+, Rx- is valid. The receive squelch is 
considered "on" when the data is deemed to be invalid, 
and the receive squelch is considered "off" when data is 
determined to be valid. 

The input signal must meet the following criteria in order 
to turn receive squelch off and be recognized as valid 
data: 

1. The input signal must exceed the receive squelch 
on level. When this occurs, a 400ns squelch interval 
timer is started. 

2. During the 400ns squelch interval, the input 
signal must go from one squelch threshold to the 
opposite polarity squelch threshold in less than 
127ns. 

3. During the 400ns squelch interval, the input 
signal has to make less than 9 squelch threshold fo 
opposite polarity squelch threshold crossings.' 

When the receive squelch is turned off, the receive squelch 
off level is reduced to 2/3 of receive squelch on level. 

Ml2652 
The receive squelch will be turned back on if either the 
incoming data peaks go below the receive squelch off 
level for 400ns or the start of idle (501) pulse is detected. 

The receive squelch on level can be digitally programmed 
for one of two possible levels by using the R5L pin. When 
R5L = 1, the squelch on level complies with the IEEE 
802.3i-1990 specification. When R5L = 0, the receive 
squelch on level is lowered in order to accommodate 
greater receive attenuation and consequently longer 
twisted pair cable lengths. The receive squelch on level 
can be programmed as follows: 

Receive Squelch On Level 
RSL Application Min Typ Max 

10BA5E-T 300 S8SmV 

o Long Distance 200 390mV 

The RCV pin is an output that indicates receive activity. 
The pin consists of an open drain output with an internal 
pull-up resistor and can drive an LED from VCC or 
another digital input. In order to make an LED visible, 
RCV has an internal blinker circuit that generates a lOOms 
blink (SOms high,SOms low) that is triggered when 
reception starts. At the completion of the 1 OOms blink 
period, if reception is in progress, another lOOms blink is 
generated. 

The manchester deCoder receives data from either the 
twisted pair interface (as describ~d above) or the AUI 
(described in AUI section): 

The manchester decoder is responsible for recoveri ng 
clock and data from the incoming receive bit stream. 
Clock and data recovery is accomplished by a digital PLL 
which can lock on the incoming bit stream in less than 
1.6f1s. 

The clock (RxC) and NRZ data (RxD) are then output to 
the external world via the controller interface. 

501 

A start of idle (501) pulse is sent anhe end of transmission 
in order to signal to all receivers that transmission has 
ended and the idle period begins. Thus, the transmit 
section has an 501 generator and the receive section has 
an 501 detector. ' 

The transmit 501 pulse generator inserts an 501 pulse at 
the end of each transmission. The 501 pulse is typically a 
2S0ns positive pulse inserted after the last positive data 
transition. Depending on the data pattern, the positive 
data transition could occur either in the middle or at the 
end of the last bit cell. So the actual width of the 
transmitted 501 pulse can vary from 2Sa-:300ns, typically. 

The receive 501 detector senses the 501 pulse using the 
zero crossing comparator. When the 501 pulse is detected; 
the receiver signals to the controller that receive data is no 
longer valid and turns the receive squelch on. 
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LINK PULSE. 

During the idle perioq, link pu'ises are sent by tre. 
transmitter arid detected by the receiver so that the 
integrity of the twisted pair link can be continuously 
monitored. Thus', the transmit section has alink pulse 
generator, and the.receiver has a link pulse detector. 

The transmit link pujse gene(atpr trans~its a 1 OOl1swid~ , 
positive pulse (Tx+ li.lgh, Tx:- low)every 16±8ms. .' 

IEEE 802.3i-1990 Section 14 requires the link pulse to be 
shaped to meet a template when passed or not passed 
through the twisted pair line mod~l\ The transmit 
waveform generator takes the lirikpul~e and generates the 
waveform on TX± when passed or not passed through the 
twisted pair line model. 

The receiver monitors the receive input tO,determine if the 
link pulses are present. When the device is in the link 
pulse pass state, normal packet transmission and reception 
can Occur.AII link pulses less than,2:":7msapart are 
ignored while in the link pass state. (f no link pulses or 
receive packets are detected for ape'riod of 50-150ms, 
the device goes into the link pulse fail state. 

When the device is in the link pulse fail state, reception is 
inhibited and the transmitter is placed in the idl,e state (no 
data transmission but.link pulses are still transmitted). In 
order for the device to exit the link pulse f;i,il.state, one 
complete packet or 4consecutiite link pulses must be 
detected, andtransmifa,nd receive must be idle: ' 
Consecutive link pulses are defined as pulses that occur 
within 25-150ms of each other. If the link 'Pulses occur 
2-7ms apartin,the link fail state, the device ign,ores the 
link pulses and resets the number of consecutive link 
pulses to ,zero. After the link pulse fail state is exited, 
transmission and reception can be resumed. 

Link pulse status is indicated by the LTP pin. LTP is a dual 
function input/outp,ut pin that acts both as an active low 
link test pass output and a link test disable input. The pin 
consists of an opendrain output with an internal pull-up 
resistor. If the pin is tied to GND, the pin acts ,as an input 
and the link test function is disabled. If the pin is not tied 
to GND, the pin acts as ari active low link test pa~s'output 
and can drive an LED from VCC or another digital output. 
Thus, the LED is lit when the link test is passing. 

JABBER 

The transmit section contains a jabber d~tect circuit. 
Jabber is a fault condition characterized by a babbling 
transmitte'r. The ML2652 detects jabber when a " 
transmission packet exceeds20-150ms in length. If jabber 
detect occurs, the transmit output is disabled, the collision 
~al COL is sent over the controller interface, and the 
JAB pin is pulled low. The,devii::e remains in the jabber 
detect state until there is at least 250-750ms ,of .' 
cQntinuo!Js non-tran~mission. Note that link pulses 
continue to be transmitted ,even when the device is in the 
jabber condition.' . 

The jabber detection circuitry can be disabled with the 
JABDls pih for testing and diagnostic purposes. Di,sabling 

jabber means that a jabber condition is never recognized, 
even when it occurs. JAB DIS is an active high jabber 
disable input and has an internal pull-down resistor to: 
GND. 

COLLlS.ION 

CollisTon'occurs whenever the DTE card is transmitting 
and recetvingdata sirriultaneously. However, the collision 
circuit on the ML2652 operates differently depending on 
whether twisted pair interface or AUI is being used., 

When the twisted pair interface is used, colfis,ion occurs, 
whe,never the device is transmitting and receiving data 
simultaneously, that is when both RxE andTxE are active. 
The collision state is indicated by COL and CLs pins. COL 
is used to signal collision to the controller. CLs isan active 
low open drain output., CLs is. activated during Jabber, but 
not during sQE test while COL is activated during both. 

When the AUI is used, collision is no longer detected from 
simultaneous transmission and reception; butthe collision' 
state isdetermil"\ed when a collision signal is present on 
the AUI coli ision inputs, Cl+ and Cl-. A 10 MHz square 
wave has to be applied to this input in order for the device 
to signal the collision state on COL and CLs. 

The CLs pili is an output that indicates collision activity. 
The pin eonsists of an open drain output with an internal 
pull-up resistor and can drive an LED Jrom VCC or _ 
another'digital input. In order to make an LED visible, CLs 
has an interna'lblinker circuit that generates a lOOms blink 
(50ms high, 50mslow) that Is triggered when a collision 
starts, At the cOmpletion ofthe lOOms blink period, if' . 
collisidn is in progress,.arrother lOOms blink is generated. 

SQETEST 

When the twisted pairinterfac~is"ysed, the device tests 
the collision circuitry at the, end of each transmission by 
sending a 1 fJs collision pulse over the COL pin. This is 
known as sQE (Signal quality error) test and is shown in 
the transmit timing diagram in Figure 1. The sQE test is' 
disabled if the device is 'in jabber detect state or linkpu'lse 
fail condition. 

When AUI is used, the SQE test pulse is generated by an 
external MAU and the external MAU sends the sQE test 
pulse to the Mt26S2 via the collision inputs, CI+ and CI-. 
TheML2652 then relays the collision signal to the 
controller via the COL and CLs output pins. 

RECEIVE POLARITY DETECT AND AUTO CQRRECTION 

The ML2652 contains an auto-polarity circuit that detects 
the polarity of the receive twisted pair leads, Rx+ and RX
and internally reverses the leads if their polarity is 
incorrect. ',' , 

When the device is powered up, it.is assumed that the 
polarity is correct and no polarity correction occurs. Then 
receive polarity is continuously monitored by checking 
the polarity of the sal and link pulses since they ,are" 
always positive pulses. I{either 2 consecutive sal or 4 
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consecutive link pulses have incorrect RX± polarity, then 
the auto-polarity circuit internally reverses the Rx+ and 
Rx- connections. 

RPOL is a dual function input/output pin that acts both as . 
an active low receive polarity status output and an auto
polarity circuit enable input. The pin consists of an open 
drain output with an internal pull-up resistor. If the pin is 
tied to GNO, the pin acts as an input and the receive 
auto-polarity circuit is enabled. If the pin is not tied to 
GNO, the pin acts as an active low receive polarity status 
output and can drive an LEO from VCC or another digital 
output. . 

AUI 

The ML2652 can be used with an external MAU via the 
Attachment Unit Interface (AU!). When the AUI is used, 
the internal MAU functions and twisted pair interface are 
disabled, and the device only uses the manchester 
encoder and decoder functions, as shown in the block 
diagram. The AUI consists of three differential signal pairs: 
01, 00, and CI. The function of each pair is described 
below. 

The 00+ and 00- are differential outputs to the external 
MAU which contain the transmit data output from the 
Manchester encoder. The 00+ and 00- outpufdrivers 
are capable of driving 50 meters of 78 ohm cable with 
less than 5ns rise and fall time and less than ±0.5ns of 
jitter. In addition, at the end of transmission, the AUI 
output driver inserts a 200ns minimum pulse and meets 
the turnoff and idle characteristics specified in IEEE 802.3-
1988. An external 78 ohm resistor across 00+ and 00-
is required as shown in Figure 12 to develop the proper 
output levels from the internal current sources. The 00+ 
and 00- outputs can be coupled to an external MAU 
with either capacitors or a transformer. The ML2652 meets 
all AUI transmitter specifications outlined in IEEE 802.3-
1988 Section 7. 

01+ and 01- are inputs from the external MAU which 
contain the receive data that goes to the manchester 
decoder. 

The 01+ and 01- inputs contain an AUI 01 squelch circuit 
which determines when incoming data on 01+ and 01- is 
valid. The 01 squelch is considered "on" when the data is 
deemed to be invalid, and the 01 squelch is considered 
"off" when data is determined to be valid. 

The input signal on 01+ and 01- must meet the following 
criteria in order to turn receive squelch off and be 
recognized as valid data: 

1. The input signal must exceed the negative AUI 01 
squelch on level. 

2. The input signal must exceed the negative AUI 01 
squelch on level for more than 20ns. 

When the 01 squelch is turned off, the 01 squelch off level 
is reduced to 2/3 of the 01 squelch on level. 

The 01 squelch circuit will be turned back on if the idle 
period is detected by no 01 squelch level transitions for 
more than 180ns. 

ML2652 
An external 78 ohm termination resistor is needed across 
01+ and 01- as shown in Figure 12. The 01+ and 01-
inputs can be coupled from an external MAU into the 
ML2652 with either capacitors or a transformer. The 
ML2652 meets all AUI receiver specifications outlined in 
IEEE 802.3-1988 Section 7. 

CI+ and CI- are inputs from the external MAU which 
contain the 10 MHz ± 15% collision signal as defined in 
IEEE 802.3-1988 Section 7. The CI+ and CI- inputs 
contain the same squelch circuit used on the 01 inputs 
described in previous paragraphs in this section. 

An external 78 ohm termination resistor is needed across 
CI+ and CI- as shown in Figure 12. The CI+ and CI
inputs can be coupled from an external MAU into the 
ML2652 with either capacitors (shown in Figure 12) or a 
transformer. Tlie ML2652 meets all AUI receiver 
specifications outlined in IEEE 802.3-1988 Section 7. 

The ML2652 contains an AUI/TP select input pin which 
controls whether the AUI or twisted pair interface is to be 
used for data transmission and reception. When AUI! 
Twisted Pair Switching = High, the AUI is used for data 
transmission and reception. When AUI/Twisted Pair 
Switching = Low, the twisted pair interface is used for data 
transmission and reception. 

The AUISEL pin is a digital status output that indicates 
which interface has been selected for data transfer, either 
twisted pair or AUI. The pin consists of an open drain 
output with an internal pull-up resistor and can drive an 
LEO from VCC or another digital input. AUISEL = High 
indicates that the twisted pair interface has been selected. 
AUISEL = Low indicates that the AUI interface has been 
selected. . 

The ML2652 has the capability to automatically select 
between the-twisted pair interface and AUI. This 
automatic interface selection is accomplished by tying the 
LTP output pin to the AUI/TP input pin. Wlien these two 
pinsare connected together, if valid link pulses are 
detected, it is assumed that the twisted pair interface is 
bein&..!:!sed. This causes LTP output to go low, thus forcing 
AUI/TP low, and thus enabling the twisted pair interface. If 
no valid link pulses are detected, it is assumed that the 
twisted pair interface is not being used, thus causing LTP 
to go high, thus forcing AUI/TP high, thus enabling the 
AUI interface. If valid link pulses reappear, the device will 
automatically disable the AUI and enable the twisted pair 
interface. The algorithm for determining valid link pulses 
is described in the Link Pulse section. 

lOOPBACK 

There are two pins on the ML2652 which provide 
loopback diagnostic features, LBKOIS and LPBK. 

LPBK provides a loopback through the manchester 
encoder/decoder, but not through the on-chip 10BASE-T 
MAU. No data will go out on either the AUI port or the 
twisted pair port in this mode. This same function is found 
on many discrete manchester encoder/decoders. 
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ML26S2 
IEEE 80'2.3 MAUs normaily loop ~he transmit'data (DO+) 
when transmitting with no collisions. When using an 
external transceiver through th.e ML.2652's AUI port, the 
controller can first check the local loopback by setting 
LPBK. If it passes this test it cart·then check the AUlcable 
and external MAU by doing the normal MAU loopbacl<. 

LBKDIS disables the on-chip lO'BASE-T MAU loopback. 
This allows. the user to attach a spe<;:ial .RJ"45 connector 
that loops back the transmittwisted pair to the receive 
twisted pair. This test checks the entire interlace out 
through the connector. WhenLBKDIS.is activated (High),·, 
collision detection is disabled so that the ML2652 can 
transmit and'receive in full duplex without collisions. 

CONTROLLER INTERFACE 

The ML2652 has a flexible a~d programmabl.e digital 
interface which enables it to directly interface to Ethernet 
controllers manufactured by Intel, AMD, National, Seeq, 
and Fujitsu. 

The controller interfaceconsists of seven pins. TxC, TxD, 
and TxE are the transmit clockputput, translllit data input, 
and transmit data enable input, respectively. RxC, RxD, 
and RxE are the receive clock output, receive data output, 
and receive data enable output, respectively. COL is the 
collision detect output. . 

All the standard Ethernet contr~lIers use a similar . 
controller interface but differ in the polarity of COL, LPBK, 
TxE and RxE, differ in what edge of TxC and RxC that 
clocks in the data, differ on whether the RxC dock needs 
to be continuous or nqt during. idle, and differ onwhether 
polarity of RxD during idle. In order to accommodate the 
different controller interface definitions, the controller 
select pins, CS2-O, modify these signals according to the 
Table 1. . 

Table 1. Controller Select Pin Definitions 

CS2-O TxC TxE RxC RxE COL LPBK 

000' r h r h • 'h h 

00·1 f I f I I I 

010 r h' r h h ~ 

011 f h' r h Ii I 

100 f h f h I h 

101 - - - - - -

110 - - - - - -

111 
., 

- - - - - -

POWERDOWN 

The device 'can be placed in the power down mode with 
the controller select pins CS2-O' as described in Table 1. 
When in powerdown mode, the. cur~ent consumption is 
reduced to less than lOO'iJA .and .all.device functions are 
disabled. 

CRYSTAL OSCILLATOR. 

The ML2652 requires an a:cCurate 20' MHz reference for 
internal clock generation. This can be achieved by 
connec'ting an external crystal Or an external clock 
between the CLK and GND pins. 

If an external clock is used, it must have a frequency of. 
20' MHz ±O'.O'1 % and have high and low levels of 3.5 and 
1.5 volts. '. . 

If a crystal is used, the crystal should be placed physically 
as close as possible to the ClK and GND pins, especially 
CLK. No other external capacitors or components are 
required. The crystal should have the following 
characteristics: 

Idl 
RxC 

m 

n 

n 

c 

c 

-

-

-

1 . Parallel resonant type 

2. Frequency: 20'. MHz 

3. Tolerance: ±O'.O'O'5"/o @ 25°C· 

4. Less than 0;0'0'5% freqLi~ncy drift across 
temperature.. . . 

5. Maximum equiv. series resistance: 
15 ohms @ 1 ~2O'OiJW 
30' ohms @ O'.0l-1iJW 

6. Typical load capacitance: 2O'pF 

7. Ma~imum case capacitance: 5pF 

Idl 
RxD Controller ; 

I NSC OP8390 

hi Intel 82586/96 

hi AMO AM7990 

10 Seeq 8003/5 

hi Fujitsu MB86950 

- -

- '-. 

- PON mode 

r = rising edge clocks data 
f = falling edge clocks data 

h = active' high 
[ ='active low 

, c = RxC required continu'ously 

n. == RxC only during RxD transmission 
m.= R)(C only during RxD transmission + 5 extra RxC,cycies 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE· 

ML2652CQ 44-Pin Molded Leaded PCC (Q44) 
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GENERAL DESCRIPTION 
The Ml4621 Data Quantizers is a low noise, wideband, 
bipolar monolithic ICs designed specifically for signal 
recovery applications in fiberoptic receiver systems. It 
contains a two stage wide band limiting amplifier which 
is capable of accepting an input signal as low as 2mV 
with a 55dB dynamic range. This high level of 
sensitivity is achieved by using a DC resto'ration 
feedback loop which nulls any offset voltage produced 
in the limiting a·inplifier. 

The output stage is a high speed comparator circuit 
with both TTL and ECl outputs. An enable pin is 
included for added control. 

The Minimum Signal Discriminator circuit provides a 
Link Monitor function with a user selectable reference 
voltage. This circuit monitors the peaks of the input 
signal and provides a logic level output indicating 
when the input falls below an acceptable level. This 
output can be used to disable the Quantizer and/or 
drive an lED, providing a visible link status. 

BLOCK DIAGRAM 

June 1992 

ML4621 

Data Quantizer 

FEATURES 
• 50MHz minimum bandwidth for data rates 

of up to 100MBd 
• Can be powered by either +5V providing TTL level 

outputs or -5.2V providing ECl levels 
• low noise design: 

25JlV RMS over 50MHz noise bandwidth 
• Adjustable Link Monitor function 
• Wide 55dB input dynamic range 
• 10ns minimum inpuf pulse 
• Available in a 24-pin Skinny DIP and 28-pin PlCC 

APPLICATIONS 
• IEEE 802.3 FOIRl Receiver 
• IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 
• IEEE 802.4 Fiber Optic Token Bus 
• Fiber Optic Data Communications and 

Telecommunications Receivers 

CFl CF2 VOUT+ VOUT_ CMP+ CMP- ECL+ ECL-

Voe -+--l-...... -< 

VR" -+-__ -., 

VJHADJ -+----1 

TTL OUT 

'----<Kt--------.,f- CMP ENABLE 

Vee 

GND 

Vee TTL 

GND TTL 

I-!;;;;~~f.-------------+- ECL LINK MON 
1---1 

L!~~~~J------------I TTL LINK MON 
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PIN CONNECTIONS 
ML4621 

24·Pin Skinny DIP 

EU LlNKMON Vee 

TTL LINK MON INOM 

CMP ENABLE ISEt 

VIN+ CP~ 

VIN- VREF 

Voc VTHADI 

.CF2 GND 

CFl TIt OUT 

VOUy- Vee TTL 

VOUy+ GNDTIt 

CMP+ ECl+ 

CMP- ECl-

lOP VIEW 
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ML4621 
28·Pin PCC· 

. TIt lINKMON . 

'·l·,ECLlINKMON. 
CMP ENABLE . / IN. OM 

NC\ I Vee: + ISET 

432128·27 

CF2 

CF1 10 

VOllT- 11 

12 13 14 15 16 .17 18 

lOP VIEW 
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PIN DESCRIPTION 
NAME FUNCTION NAME FUNCTION 

ECLUNK MON ECL link Monitor output. Signal is VDe An external capacitor on this pin 
low when the VIN+, VIN- inputs integrates an error signal which 
exceed the minimum threshold, nulls the offset of the input 
which is set by a voltage on the amplifier. If the DC feedback loop 
. VTHADJ pin. Signal is high when is not. being used, this pin should 
the input signal level is below the be connected to VREF. 
threshold. CF2 A capacitor from this pin'to 

TTLUNK MON TTL link Monitor output. Same ground controls the maximum 
logic function as ECl UNK MON. bandwidth of the amplifier to 
Capable of driving a 10mA LED accommodate lower operating 
indicator. This pin normally tied to frequencie& 
CMP ENABLE. CF1 The capacitor on this pin should 

CMP ENABLE A low voltage at this TTL input match the one on CF2. 
pin enables both the ECL and the VOUT- The negative output of the 
TTL outputs. A high TTL voltage amplifier, which is normally tied to 
disables the comparator output CMP-. 
with ECL+ high, ECL- low, and TTL 

Voup The positive output of the OUT high. 

VIN- This input pin should be 
amplifier, which is nd!mally tied to 
CMP+. 

capacitively coupled to the input 
CMP+ This comparator input pin is an source or to ground. (The input 

resistance is approximately Bkn.) open base configuration Which 

VIN+ This input pin should be 
relies on the. DC bias of .the 
amplifier output to establish the 

capacitively coupled to the input proper DC operating voltage. This 

E source or to ground. (The input voltage should be reestablished if 
resistance is approximately Bkn.) filtering is implemented between 

CMP- This comparator input pin is an VOUT+ and CMP+. . 
open base configuration which GND Negative suppiy. Connect to ':'S.2V 
relies on the DC bias of the for ECL operation, or to ground 
amplifier output to establish the for TTL operation. 
proper DC operating voltage. This 
voltage should be reestablished if VTHADJ This input pin sets the l11inimum 
filtering is implemented between amplitude of the input signal 

VOUT- arid CMP-. required to cause the link 

ECl- The ECL comparator negative 
monitors to go ,low. 

output. VREF A 2.5V reference with respect to 

ECL+ The ECL comparator positive 
GND. 

output. CPEAK A capacitor from this pin to 

GND TTL The negative supply for the TTL 
ground determines the link 

comparator stage. If the TTL 
Moqitor response time. 

output is not necessary; connect ISET Current into an internal diode 

GND TTL and Vee TTL to Vee. connected between this pin and 

Vee TTL The positive supply for the TTL 
GND is turned around and pulled 
from CPEAK. This pin is normally 

comparator stage. If the TTL connected to INoM. 
output is not necessary; connect 
GND TTL and Vee TTL to Vee. INOM Sets a current of approx. 12SpA 

TTL OUT TTL data output. (Totem pole type 
when connected to ISET. 

output stage.) Vee Positive supply. Connect to 
ground for ECL operation, or to 
SV for TTL operation. . 
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ABSOLUTE MAXIMUM RATINGS 
Vee - GND .... '0 •. , .•• : ... L ......................... -,0.3 to +7.0 
Vee TIl- GNDTTl ~ ......•...................... -0.3 to +7.0 
InputSiOutput GND ..... : .. : ...... : . .' ...... -O.3toVee +0.3 
Storage Temperature Range ................ -65°C to +150°C 
lead Temper;it~re (Sqlderi~g 10 sec.) ................. +260°C 

Absolute maximum ratings are those values beyond which the 
devkecould be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied.; . 

ML4621 ElEORICAl. CHARACTERISTICS 
Over recommended operating.eooditions of TA = O·C to 70·C, Vee = 5V ± 5%, GND = OVunless, otherwise noted. 

SVMBOL PARAMETER MIN TYP . MAX, UNITS CONDITIONS 

lee1 Vee Supply Current 65 100 mA Vee TIL = GND TIL = Vee 

lee2 Vee Supply Current 70 110 mA Vee TIl = Vee 
(TTl Out Enabled) GND, TTL = GND 

Iv"" VREF' OutpUt Curtent -5.0 0.5 mA 

VREF Reference Voltage 2.40 2.55 2.65 V 

Av Amplifier Gain A1 A2 75 VIV VIt~ = 5mV 

VIN Inp\\t, Signal I9nge 2 1400 mVp_p 

VTHADJ External Voltage at VTHADJ 1 2.5 V 
Range ,. to setVTH ' ,.',., .. ,,' 

Vos' Input ·Offset ' ' 3 mV Voc = VREF (DC loop inactive) 

EN , hiput Referred'Nolse 25 . pV 50MHz BW, 

BW 3dB Ban~~jdth .. 50 65 MHz 

VIN PIN Min Inpufpulsewidth 10 ns 

RIN input Resistance 8 kCl V!N+' VIN-

tpo AMP Amplifier Prppagatio" Delay 4 8 ns Frorp VIN+, VIN- to Vou~, Your 
VIN =, 10mVp~p 

tpo ECl ECl Comparat?r Propagation Delay 4 " 8 ns From CMP+, CMP- to ECl +, ECl-
VIN = 10lYlV p_p 

tpo TTL, TIL Comparator Propag;ttion Delay 4 8 ns From ECl+, ECl- to TTL OUT 
VIN = 10mVp_p 

RVJHAOJ Input Resistal1ceof VTH-"DJ 6.8 kO 

IVOUT Output Current of, V du~ and VOUT- 3 mA 

leMP leakage Current of CMP+ and CMP- 25 pA 

VCMeMP . Common Mode Range of 
CMP+ arid CMP- ' 

GND+ 2.0 Vee - 1.0 V 

ECl VOH Output High Volt;tge at ECl +, ECl- 3.90 4.30 V With 200n load tied to Vee - 2V 
TA = 25·C 

EClVO~ Output low Voltage at ECl+, ECl- 3.11 9.38 V With :won load tied to Vee - 2V 
TA ~ 25°C 

Av ECl ECl CMPGain 100 VIV 

TTL VOH " , 2.4 V , Vee TTl=' 5\1, IOH = -50pA 

TTL VOL " 0.4 V Vee TTL = 5Y, IOL = 2mA 

TTL VIH 2.0 V 
" 

TTlViL 0.8 V .. 
TTL IIH -50 50 pA VIH = 2.4V 

TTL IlL -1.6 0 mA VIH = O.4V 

INOM 125 pA INOM = ISET 
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FUNCTIONAL DESCRIPTION 
AMPLIFIER 

The Quantizer has a two stage limiting amplifier with 
an input common mode range of (GND + 1.BV) to 
(Vee - 1.5V). Maximum sensitivity is achieved through 
the use of a DC restoration feedback loop and AC 
coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about 1.9V. 
These coupling capacitors, in conjunction with the 
input impedance of the amplifier, establish a high pass 
filter with a 3dB corner frequency, ft.. at 

1 
fL = 27T BOOO C (1) 

Since the amplifier has a differential input, two 
capacitors of equal value are required. If the signal 
driving the input is single ended, one of the coupling 
capacitors can be tied to Vee as shown in figure 1. The 
high corner frequency can also be adjusted by 
attaching capacitors to CF1 and CF2. The equation for 
adjusting this corner.is 

1 
fH = 27T 425 C (2) 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vas in figure 2. In order 
to reduce this error a DC feedback loop is 
incorporated. This negative feedback loop nulls the 
offset voltage, forcing Vas tq be zero. An external 
capa<;itor at V De is used to store the offset voltage. 
Although the value of this capacitor is non-critical, the 
pole it creates can effect the stability of the feed\>ack 
loop. To avoid stability problems using the' ML4621, the 

:::::~. O.lP ... F _V..;.INc..+-+ ..... ----l 
+5V 

y!-----'V,:.:.N--+-+ ...... -I 
O.lpF 

ML4621 

Figure 2. 

value of this capacitor should be at least 100 times 
smaller than the input coupling capacitors. 

On the ML4621, the output of the amplifier is isolated 
from the comparator and made available to the user. 
This allows the user to add circuitry between the 
amplifier and the comparator for wave shaping and 
other signal conditioning as desired. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECL 
comparator is used to provide the ECL level outputs 
and in turn drives the TTL comparator. The enable pin, 
CMP ENABLE, 'is provided to control the ECL 
comparator. When CMP ENABLE is low the comparators 
function normally. When it's high, it forces ECL + high, 
ECL- low, and TTL OUT high. The CMP ENABLE pin 
can be controlled with TTL level signals when the 
Quantizer is powered by 5V and ground. 

+5V 

ITL OUT 

CMP ENABLE 
470 

+5V 

Figure 1. The ML4621 Configured for 20MHz Bandwidth with TTL Output 
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ML4611 

LINK 'MONIToR 

This function is implemented by the Minimum Signal 
Discriminator and the Threshold Generator circuits. The 
purpose of this function is to monitor the input signal 
and provide a status signal indicating when the input 
falls below a preset voltage level. This is done by peak 
detecting the output of the amplifier section and 
comparing .this·level with the voltage at VTHADJ. 

The equation which determines the droop rate of the 
peak detector is 

dV = I'SET 
dt C 

(3) 

In this equation C is the peak capacitor at CPEAK. On 
the ML4621 the droop rate of the peak detector can be 
adjusted two ways; 

1) By adjusting the. value of the peak capacitor at CPEAK. 

2) By adjusting the' charge current intO' the' peak 
capacitor at ISIT' ' 

The charge current, "SET, can be controlled externally 
by connecting a resistor, ROO, between I'SET and Vee. 
I,SETWili then be , 

Vee - of 
I,S[[ .; . (4) 

Roo + 1700 

For convenience, an 911-chipcurrent source of 12sPA is 
availab,le b(connecting INOM to ISET. 

The Threshold Generator level shifts the reference 
voltage at VIHADJ through a' circuit which has a. 
temperature' coefficient matching that of the limiting 
amplifier. The relationship'between VTHADJ and VTH 
(the minimum peak voltage at the input which will 
trigger the link Monitor) is:. 

VTHADJ = 600VTH + 0.7 

The on-chip reference voltage, VREF, can be tied 
directly to VTHADJ to set the threshold level. This will 
set the minimum input signal on the ML4621 at about 
3mV (peak). 

(5) 

A lower threshold leveLtan .be set by dividing down .. 
VREF with a resistor string,.as in figure 3. 

ORDERING INFORMATION 
< --,';, 

VREF 

vTHAOJ 

R2 

Figure 3. 
Since the ML4621 has a relatively low input impedance 
of 6.8K and is offSet by one diode drop, the equation 
which accounts for the load and offSet is; . 

R2(6800VREF + 0.7R1) 
VTHADJ = . (8) 

6800(R1 + R2l + R1R2 

THRESHOLD ADJUSTMENT EXAMPLE 

If you are using the ML4621 and you want the Link 
Monitor to trigger when the received optical power 
goes below 1pW (-30dBm), you first need to calculate 
the resultant voltage at V,N+ and V,N-' If you are using 
the Hewlett-Packard HFBR-24X6 Fiberoptic Receiver with 
a responsitivity of 8roV/pW, the peak-to-peak voltage 
would be; '. 

1pW, x 8mV/pW = 8mVp_p 

So the link.Monitor should trigger at some poir'lt 
slightly Ipwer than 4mV peak; say 3mV. Setting VIHin 
equation 5to 3mV and solving for VTHADJ yields; 

VTHADJ = 600(.003) + 0.7 = 25V 

This is a convenient value since the reference voltage 
supplied by. the Quantizer, VREF, is 25V. 

(9)' 

The link Monitor has about OAmV (peak) hysteresis 
built~in. More hysteresis can be induced by connecting 
a resistor between TILLINK MON and VTHADJ creating 
a positive feedback loop. 

Refer to Micro linear's Application Note 6 for more 
detail. . 

PARr NUMBER 
TEMPERATURE 

RANGE PACKAGE 

4 .. 26 

ML4621CP 
ML4621CQ 

O°C to +70oC 
O°C to +70°C 

Molded DIP (P24N) 
. MOLDED PCC (Q28) 
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ML4622, ML4624 

Fiber Optic Data Quantizer 
GENERAL DESCRIPTION 

The Ml4622 and Ml4624 Data Quantizers are low noise, 
wideband, bipolar monolithic les designed specifically for 
signal recovery applications in fiberoptic receiver systems. 
They contain a wideband limiting amplifier which is 
capable of accepting an input signal as low as 2mVp_p 
with a 55dB dynamic range. This high level of sensitivity 
is achieved by using a DC restoration feedback loop 
which nulls any offset voltage produced in the limiting 
amplifier. 

The output stage is a high speed comparator circuit with 
both TIL and ECl outputs. An enable pin is included for 
added control. 

The Link Detect circuit provides a Link Monitor function 
with a user selectable reference voltage. This circuit 
monitors the peaks of the input signal and provides a 
logic level output indicating when the input falls below 
an acceptable level. This output can be used to disable 
the Quantizer and/or drive an lED, providing a visible 
link status. 

ML4622/ML4624 BLOCK DIAGRAM 

CFl CF2 

V,N+ -I--!--.... ------I 

V'N- -+-'---......., ..... -----1 

VDe -1-______ --" 

VREF +------1 

VTHADJ +-----1 

CTIMER 

FEATURES 

• Data rates up to 40MHz or 80MBd 
• Can be powered by either +5V providing TIL or raised 

ECl level outputs or -5.2V providing ECl levels 
• low noise design: 25flV RMS over bandwidth 
• Adjustable Link Monitor function with hystersis 
• Wide 55dB input dynamic range 
• low power design 
• Available in 16-pin SOIC (Narrow) or DIP (Ml4622), 

24-pin Skinny DIP (Ml4624) and 28-pin PCC(Ml4624) 
• Ml4624 is pin compatible with the Ml4621 

APPLICATIONS 

• IEEE 802.3 FOIRl, 10BASE-F Receiver 
• IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 
• Fiber Optic Data Communications and 

Telecommunications Receivers 

ECL+ ECL-

TTL OUT 

'----0< t--------t- CMP ENABLE 

Vee TTL* 

vee 
GND 

GND TTL 

t-----------------t- TTlllNKMON 

'ML4624 ONLY 
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ML4622, ML4624 

PIN CONNECTIONS 

ML4622 
16-Piil DIP or 
SOle (Narrow) 

TTLUNKMON CMPENABLE 

GND VTHADI 

V'N_ VREF 

VIN+ CTIMER 

Voc Vee 

CF2 TTL OUT 

CFl ECL+ 

GNDTTL ECL-

TOP VIEW 

4-28 

ML4624 
24-Pin Skinny DIP 

/l(C Vee 

TTL UNKMON NC 

CMPENABLE NC 

V'N- CnMER 

VIN+ VREF 

Voe VTHADI 

CF2 GND 

CFl TTL OUT 

NC Vee TTL 

NC GNDTTL 

NC ECL+ 

NC ECL-

V'N-

VIN+ 

NC 

Voc 

CF2 

CFl 

NC 

ML4624 
28-Pin pee 

CMP-ENABLE tnuNKMON 

Nt ~ ~ NC Vee NC NC 

4 3 2 28 27 26 

13 14 15 16 17 

NC NC NC NC t ECL+ t 
ECL- GNDTTL 

NC 

CTIMER 

VREF 

VTHADI 

GND 

TTL OUT 

VccTTL 



PIN DESCRIPTION 

NAME FUNCTION 

TIL LINK MON TIL Link Monitor output. Signal is 
low when the VIN+, VIN- inputs 
exceed the minimum threshold, 
which is set by a voltage on the 
VTHADJ pin. Signal is high when the 
input signal level is below the 
threshold. Capable of driving alOmA 
LED indicator. This pin can be tied to 
CMP ENABLE. 

CMP ENABLE A low voltage at this TIL input pin 
enables both the ECL and the TIL 
outputs. A high TIL voltage disables 
the comparator output with ECl+ 
high, Eel-low, and TIL OUT high. 

V1N- This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 1.6KQ.) 

V1N+ This input pin should becapacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 1.6KQ.) 

ECl- The ECl comparator negative output. 
Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 

ECl+ The ECl comparator positive output. 
Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 

GND TIL The negative supply for the TIL 
comparator stage. If the TIL output is 
not necessary, connect GND TIL 
to Vee. 

NAME 

Vee TIL 

TIL OUT 

Voe 

CF2 

CFl 

GND 

VTHADJ 

VREF 

CTimer 

Vee 

'Micro Linear 

ML4622, ML4624 

FUNCTION 

The positive supply for the TIL 
comparator stage. If the TTL output is 
not necessary, connect Vee TIUo 
Vee. (Ml4624 only) 

TTL data output. 

An external capadtor on this pin 
integrates an error signal which nulls 
the offset of the input amplifier. If the 
DC feedback loop is not being used, 
this pin should be connected to VREF. 

A capacitor frorn this pin to CFl 
controls the maximum bandwidth of 
the amplifier. 

Connect to CF2 through a capacitor. 

Negative'supply. Connect to -5.2V 
for ECl operation, or to ground for 
TIL or raised ECl operation. 

This input pin sets the link monitor 
threshold. 

A 2.5V reference with respect to 
GND. 

A capacitor from this pin to Vee I determines the Link Monitor 
response time. 

Positive supply. Connect to ground 
for negative ECl operation, or to 5V 
for TTL or raised ECl operation. 
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Ml4622,ML4624 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 
Vee - GND ................................ -'0.3 to +7.0 
Vee TTl-GND TTL .......................... -0.3 to +7.0 
lriputs/butputs GND· .......... :. ,'; ...... -0.3 to Vee +0.3 
Storage Temperature Range ....... : .. " ... -65°C to + 150°C 
lead Temperature (Soldering 10 sec.) ." ............. +260°C 

ML4622, ML4624 ~LECTRICAL CHARACTERISTICS (Note 2 and 3) . 
Over recommE;!ndedoperating conditions of TA = O°C to 70°C for commercial temperature range, TA = -40°C to +8S 0 C for 
indu,strial temperature range, Vee = SV ± 10%, GND = OV unless otherwise noted. 

SYMBOL" PARAMETER '. MIN TYP MAX UNITS CONDITIONS 

leCl Vee Supply Current 35 45 mA GNDTTL = Vee 
(TTL Output 'Disabled) 

leCl Vee Supply Cur~ent 55 70 mA GNDTTl= GND 
(TTL Output Enabled) 

VREF Reference Voltage . 2.40 2.50 2.60 V 

IVREF VREF OutputSource Current 5 mA 

Av Amplifier Gain 100 VN 

VIN Input Signal Range . 2 1600 mVp_p 

VTHADJ External Voltage at VTHADJ 0.5 2.7 V 
Range to set VTH 

Vos Input Offset 3 mY' VDe = VREF (DC loop inactive) 

EN Input Referred Noise 25 I1V 50MHz BW 

BW 3dB Bandwidth 45 MHz 

RIN Input Resistance 1 . 1.6 2.5 kn VIN+, VIN-

IvrHADJ Input Bias Current of VTHADJ -200 10 +200 IlA 

tPDTTL Propagation Delay 15 ns From VIN+, VIN- to TTL Out 
VIN '" 10mVp_p 

tpDECL Propagation Delay 11 ns From VIN+, VIN- to ECL+, ECl-
VIN = lOmVp_p 

TTLVOH 2.4 V Vee TTL = 5V, IOH = -501lA 

TTL VOL 0.55 V Vee TTL = 5V, IOL = 2mA 

TTlVIH 2.0 V 

TTLVIL 0.8 V 

TTlllH -50 50 IlA VIH = 2.4V 

TTL IlL -1.6 0 mA VIH = O.4V 
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ML4622, ML4624 

ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Continued) 
Over recommended operating conditions of TA = ooe to 70°C for commercial temperature range, TA = --40oe to +85°e for 
industrial temperature range, Vee = 5V ± 10%, GND = OV unless otherwise noted. 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 

VTH Input Threshold Voltage 
ML4622 4 5 6 mVp_p VTHADJ = VREF(note 4) 
ML4624 5 6 7 mVp_p VTHADJ = VREF (note 4) 

Hystersis 20 % 

VeM Common mode voltage 1.65 V 
on VIN+, VIN-

ECLvOH Output High Voltage at Vee -1.06 Vee - 0.7 With 200n load tied to 
ECL+, ECL- Vee- 0.6 (note 5) Vee- 2V 

ECLVOL Output Low Voltage at Vee - 1.89 Vee - 1.62 With 200n load tied to 
ECL+,ECL- Vee - 1.56 (note 5) Vee- 2V 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless othelWise specified are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: low Duty Cycle pulse testing is performed at TA. 
Note 4: DC Tested - Threshold for switching TTl LINK MON from High (off) to low (on). 
Note 5: Industrial temperature range specification .. 
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ML4622"ML4624 

FUNCTIONAL DESCRIPTION , 7-' 

AMPLIFIER 

The ML4622, ML4624. have an adjustable Bandwidth 
limiting amplifier. Maximum sensitivity is achieved 
through the use of a DC restoration feedback loop and 
AC coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about l.7V. 
These coupling capacitors, in conjunction with the input 
impedance of the amplifier, establish a high pass filter 
with a 3dB corner frequency, fl' at 

(1) 

Since the amplifier has a differentia/input, two capacitors 
of equal value are required. If the signal driving the input 
is single ended, one of the coupling capacitors' can be tied 
to Vcc as shown in figure 1: 

CFl and CF2 create a low pass filter with the corner 
frequency determined by the following equation 

6.1 

-VRF 

FI HER OPTIC CABLE 

:J 

fH= 1 
2n800(C+4pF) 

+VRF 

HFBR 1 
2416 4 

5 
B 

vee 
TTL' 

(2) 

5pF 

'. 
VOUT+ '- -

vour- --

Figure 2. 

The above equation applies when a single capacitor is 
tied between CFl and CF2. When usingtwo capacitors of 
equal value (Capl from CFl to Vcc, Cip2 from CF2 to 
Vcd the value derived for C should be doubled. 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vas in figure 2.ln ordeno 
reduce this error aUC feedback loop is incorporated. This 
negative feedback loop nulls the offset voltage, forcing 
Vas to be zero. Although the capacitor on VDC is non-

TTL OUT 

I------~+- CMP ENABLE 

I-----------t-- TTL LINK MON 

GND 

o--+---.-JV""'---<lI----<~------+-o +VRF 
.1 

r-~--.-rr~-.--~~-------------~_o_VRF 

'ML4624 ONLY 

Note: Iftn OUT is used, tie GND TIL to unfiltered ground and remove l1.lfTIl OUT and Eel outputs are both used, add 3K pulldown resistors at 
ECl outputs. 

Figure 1. The ML4622, ML4624 Configured for 20MHz Bandwidth 
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critical, the pole it creates can effect the stability of the 
feedback loop. To avoid stability problems, the value of 
this capacitor should be at least 10 times larger than the 
input coupling capacitors. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECL 
comparator is used to provide the ECL level outputs and in 
turn drives the TTL comparator. The enable pin, CMP 
ENABLE, is provided to control the ECL comparator. 
When CMP ENABLE is low the comparators function 
normally. When it's high, it forces ECL+ high, ECL- low, 
and TTL OUT high. The CMP ENABLE pin can be 
controlled with TTL level signals when the Quantizer is 
powered by sV and ground. 

LINK DETECT CIRCUIT 

The Link Detect circuit monitors the input signal and 
provides a status signal indicating when the input falls 
below a preset voltage level. When the input falls below 
the preset voltage level, the TTL LINK MaN output 
changes from active (low) to inactive (high). This signal 
can be fed to the ML4662 1 OBASE-FL transceiver or a 
similar type of function to indicate a Low Light Condition. 
This output can also be used to disable the output data by 
tying ilto the CMP ENABLE input. 

In many fiber optic systems, including Ethernet and Token 
Ring, a bit error rate is given at a minimum power level. 
For example, in a 10Base-FL receiver there must be less 
than 1 x 10-9 bit errors at a receive power level of 
-32.sdBm average. Designers of these systems must 
insure that the bit error rate is lower than the specification 
at the given minimum power level. One procedure to 
determine the sensitivity of a receiver is to start at the 
lowest optical power level and gradually increase the 
optical power until the BER is met. In this case the Link 
Detect circuit must not disable the receiver (i.e. CMP 
ENABLE should be tied to Ground). Once the sensitivity of 
the receiver is determined, the Link Detector circuit can 
be set just above the power level that meets the BER 
specification. This way the receiver will shut off before the 
BER is exceeded. 

ML4622, ML4624 
The ML4622 and ML4624 quantizers have greater Link 
Detect sensitivity, noise immunity, and accuracy than their 
predecessor the ML4621. 

The threshold generator shifts the reference voltage at 
VTHADJ through a circuit which has a temperature 
coefficient matching that of the limiting amplifier. The 
relationship between the VTHADJ and the VTH (the peak to 
peak input threshold) is: . 

VTHADJ =417 VTH (Ml4624) (3) 

VTHADJ = 500 VTH (ML4622) 

In most cases, including 10Base-FL, 1 OBase-FB and 
Token-Ring, VTHADJ can be tied directly to VREF. However 
if greater sensitivity is required the circuit in figure 3 can 
be used to adjust the VTHADJ voltage. Even if VREF is tied 
to YTHADj, it is a good idea to layout a board with these 
two resistors available. This will allow potential future 
adjustments without board revisions. 

The response time of the Link Detect circuit is set 
by the Crimer pin. Starting from the link off state (i.e., 
TTL LINK MaN is high), the link can be switched on 
if the input exceeds the set threshold for a time given by: 

T= CTIMER x O.7V 
700jiA 

(4) 

To switch the link from on to off, the above time will be 
doubled. 

(-VRFl 

Figure 3. 
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ML4622,ML4624 
BURST MODE 

In some fiber optic links, the idle signal isDC,or of a 
frequency that is substantially different from the data. For 
these links, a faster· response time of the DC loop and the 
Link Monitor is required. 

The ML4622 and Ml4624 has been designed to 
accommodate these two. requirements. The input coupling 
capacitors can be relatively small and still maintain . 
stability. With smaller input coupling capacitors and VDC . 
capacitor a faster DC loop response time can be achieved. 
The Link Monitor is also enhanced to have a faster : 
respo[lse time. 

ORDERING INFORMATIO~ 

., 
.PART NuMBER 

ML4622Cp· 
ML4622CS 
ML46221S 

. ML4624CP 
ML4624CQ 

TEMPERATURE 
RANGE 

Doe to +7Doe 
Doe to +7Doe 

-4Doe to +85°C 
Doe to +7Doe 
Doe to +7Doe 

'Micro Linear 

PACKAGE 

Molded DIP (P16) 
Molded SOIC (Narrow) (S16N) 
MoldedSOIC (Narrow) (S16N) 
Molded DIP (P24N) 
Molded·Pee (Q28) 
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GENERAL DESCRIPTION 
The ML4632 is a fiber optic LED driver suited for 
network applications up to 20M bps. The part is capable 
of driving up to 100mA of current through a Fiber 
Optic LED from an ECL or TTL level input signal. Its 
efficient output stage provides a high current that 
can be programmed for accurate absolute output level 
as well as automatic temperature compensation. The 
combination of automatic temperature compensation 
and a highly accurate current driven design insures 
precise launch power. 

The LED driver's output stage provides fast, well 
matched rise and fall times through a unique class B 
output stage that burns supply current only when the 
LED is on. A positive temperature coefficient of up to 
3300ppm/oC can be programmed into the output 
current to compensate for the negative temperature 
coefficient of the LED optical output power. An 
optional peaking circuit may also be employed. 

The ECL and TTL inputs are ANDed so one can be 
used for data and the other for an enable input. An 
ECL compatible BIAS voltage is also provided for single 
ended ECL applications. 

ECLP 
(14) 

ECLN 
(1) 

August 1992 
PRELIMINARY 

ML4632 

Fiber Optic LED Driver 

FEATURES 
• Current Driven Output for accurate launch Power 
• Programmable output current from 20mA to 100mA 
• Programmable temperature coefficient, 0 to 

3300ppm/oC 
• High Efficiency Output Stage 
• Programmable LED pre-bias current 
• Low EMI/RFI Noise 
• ECL or TTL inputs 
• Optional peaking circuit 

APPLICATIONS 
• IEEE 802.3 FOIRL, 10BASE-F 
• IEEE 802.5 Fiber Optic Token Ring 
• IEEE 802.4 Fiber Optic Token Bus 
• Fiber OpticData Communications and 
Telecommuni~ations 

PIN CONNECTION 

ECLN 

VBIAS 

LED 

GND 

14-Pin DIP 

VBIAS 0----1-
(2) 

,.---0 L~~ RTSEl 

~~ 0-----

DIIV 
(11) 

REF 1----+--...... -------<> ~~~t 

L ___ _ 
10FF 

(9) 

PTAT .----v (12) 

'-MicroLih@ar 

RPK 

PEAK 

ECLN 

VBIAS 

LED 

GND 

RTSEl 

NC 

RPK 

PEAK 

16-Pin SOIC 

TOP VIEW 

ECLP 

TTL 

PlAT 

DRV 

VREF 

NC 

10FF 

vcc 
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Ml4632 

PIN DESCRIPTION 

NAME DESCRIPTION 

ECLN Negative EeL data input. Tie to VB lAS for 
single ended ECL 'operation or when ECLP 
is used as an enable. Tie to ground during 
TIL' on Iy operation. 

VBIAS BIAS voltage for single ended EeL 
operation. 

LED Fiber optic LED drive pin. Connect the LED 
between this pin and VCe. 

GND Negative power supply. This pin should be 
tied to the grounded side of RTSET to 
improve output accuracy and avoid a 
ground 'loop. 

RTSET Output current programming pin. Connect 
a resistor of value VDRV/ILED from this pin 
to ground to set the high LED output 
current. 

RPK Peaking circuit bias pin. Connect a resistor 
of value VDRV/lpEAK from this pin to ground 
when using the peaking circuit. leave open 
circuited when peaking is not used. 

PEAK Peaking circuit output pin. When using 
peaking, connect this pin to VCC through a 
resistor of value RRPK. Then connect a 
capacitor from this pin to the LED cathode. 
When peaking is not used, open circuit RPK. 

NAME DESCRIPTION 

VCC Positive power supply. +5 volts. 

IOFF Connect a resistor from this pin to VCC to 
increase the off current to the LED, i.e. 
4.3kQ for 1 rnA. With this pin open, the 
default IOFFcurrent is between 0.5-1.0mA 

VREF A constant 1.2V reference output used to 
set up DIN. 

DRV A DC input that sets the positive swing on 
RTSET and the high level output current to 
the LED. 

PTAT Proportional to Absolute Temperature. A 
1.0V reference at 25°C that moves 
,proportional to absolute temperature, also 
used to set up DIN. (See figu re 1) 

TIL TIL data input. Can also be used as an 
enable during ECL operation. TIL = High 
(enabled), TIL = Low (disabled). 

EeLP Positive EeL data input controls signal to 
the LED. Tie to VBIAS during TIL only 
operation or use as an enable. 
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ML4632 

ABSOLUTE MAXIMUM RATINGS 
VCC ............................................ -O.3V to 6V PEAK DC Output Current ............................ 120mA 
Input Pin Voltages ....................... -O.3V to VCC +O.3V Storage Temperature ....................... -65°C to +150°C 
lED Output Current .................................. 120mA lead Temperature (Soldering 10 sec) ................... 260°C 

ELECTRICAL CHARACTERISTICS 
Over the recommended operating conditions of TA = ooe to 7ooe, Vee = 5V ± 5%, unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current lED off 25 35 mA 

VREF VREF Voliage No load 1.14 1.20 1.26 V 

VPTAT PTAT Voltage No load, TA = 25°C 0.9 1.0 1.1 V 

TA = 85°C 1.08 1.2 1.32 V 

Vas Driver Offset VDRV = 1.2\1, RTSET = 200 50 mV 

lED Current Accuracy VDRV = VREF, RTSET = 200 

ILEDH High IOFF = open 54 60 66 mA 

ILEDL low 0.5 0.7 1.0 mA 

tR Rise Time VDRV = VREF, RTSET = 200 4.5 ns 

tF Fall Time VDRV = VREF, RTSET = 200 4.5 ns 

Propagation Delay VDRV = VREF, RTSET = 200 

tpLH . low to High TTL and ECl 10.0 ns 

tpHL High to low 10.0 ns 

tpwo Pulse Width Distortion VDRV = VREF, RTSET = 200 1.0 2.0 ns 

VPK Peaking Voltage RRPK = 200, CPK = 100pF, RpEAK = 200 1.08 1.2 1.32 V 

VPKTR Peaking Rise Time RRPK = 200, CPK = 100pF, RpEAK = 200 4.5 ns 

VPKTF Peaking Fall Time RRPK = 200, CPK = 100pF, RpEAK = 200 4.5 ns 

IECL ECl I nput Current 20 J.lA 

ITTL TTL Input Current 100 J.lA 

Voo Dropout Voltage between 1.5 V 

pin 5 and 3 

IOFF Additional lED Off Current Vee = 5V, RroFF = 4.3kO 0.8 1.0 1.2 mA 

VBIAS ECl BIAS Voltage Vee = 5V, TA = 25°C 3.8 V 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: low Duty cycle pulse testing is performed at TA• 
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ML4632 

FUNOIONAl DESCRIPTION 
The Ml4632 accepts ECl and TIL input signals and 
generates a high speed, high accuracy output current 
which is independent of supply voltage variations. The 
output current is programmable from 20mA to 100mA. 
A temperature coefficient can be programmed into the 
output current and a peaking circuit can be added with 
a few external components. 

The input of the lED driver accepts both ECl and TIL 
signals. The ECl input stage is a standard NPN 
differential pair with a common mode range of 
between 3Y and 4.5Y with a +5Y supply. A bias voltage 
YBIAS is available for biasing either ECl input for 
single-ended operation. The TIL input has a standard 
switching range of between 0.8Y and 2.0V. These inputs 
are ANDed so that the extra input can be used as an 
enable. 

Output current to the lED is set by connecting the 
appropriate resistance from RTSET to ground. With the 
YREF and DRY pins tied together, the high level output 
voltage at RTSET will be 1.2V. The current in the 
external resistor will be equal to the current through 
the lED. The output current with RTSET set to 200 will 
be 

ILED (HIGH) = 1.2Y/RTSET = 1.2Y/200 = 60mA. 

The low level output current is set internally by a 
resistor at approximately O.7mA. This current prebiases 
the lED and results in faster optical rise times. The 
value of this current can be increased by connecting a 
resistor from the IOFF pin to YCe. The additional 
current will be equal to (YCC - O.7Y)/RIOFF. 

The voltage input at the DRY pin appears across the 
RTSET pin when the lED is turned on. The current in 
RTSE! is directed through the lED. Therefore the voltage 

VREF 

10 
DRIVER 

Figure 1. Current for Programming Output 
Temperature Coefficient 

In this configuration the temperature coefficient is 

R1 
TCllED = (3300ppm/OC) ---, and 

R1 + R2 

_ 1V + O.2Y C~1 R: R0 
IlED (HIGH) - _______ _ 

RTSE! 

The output current will be a linear function of 
temperature. A plot of IlED versus temperature for 
several values of the programming resistance, R1 and 
R2, in figure 2. 

~+-~Rl_=~O~0_o----------------~~_ 

set at DRY along with the RTSET resistor sets the 55 

current through the lED. 1 
A temperature coefficient of between Oppm/oC and .@ 
3300ppm/oC can be programmed into the high level 
output current to compensate for the drop in lED 50 

optical output power at high temperatures. This is 
accomplished by driving the DRY pin from a resistor 
divider between the YREF and PTAT pins. 

NOTE: R, + R2 :,. 10kO 

When DRY is tied directly to PTAT, the peak voltage at 45-j-----+-----+----+--j----j-
RTSET will be 1.0Y at 25°C and have a 3300ppm/oC 
temperature coefficient. At 85°C, PTAT is 1.2Y and equal 
to YREF. An arbitrary temperature coefficient less than 
3300 ppm/OC can be set by using a resistor divider 
between PTAT and YREF to set the voltage at DRY, as 
shown in figure 1. 

25 50 75 85 

T(°C) 

Figure 2. ILED vs 1; RTSET = 200 

The Ml4632 output stage conducts full load current 
only when the lED is on, and even then power 
dissipation in the part is low because most of the +5Y 

4-38 "Micro Linear 



supply voltage is dropped across the LED and external 
resistor RTSET. Even with a low power design, the LED 
driver junction temperature wi.! I rise above ambient due 
to quiescent power dissipation and won't exactly match 
the LED junction temperature since it is also self
heating. Therefore, the effectiveness of a temperature 
compensated design will be related to component 
power dissipations, thermal conductance of the PC 
board and packaging, and the proximity of the LED 
driver to the LED. 

The ML4632 also provides for peaking of the LED 
output current. Peaking is used to counteract the 
effects of the LED junction capacitance. By creating a 
controlled overshoot and undershoot in the output 
current waveform, charge is transferred to and from the 
LED capacitance on the rising and falling edges of the 
output, speeding up rise and fall times. 

To provide peaking current, a second output stage is 
biased up with a resistor from RPK to ground and 
another from PEAK to VCe. When these bias resistors 
are set equal to each other, a pulse will be generated 
across the RpEAK resistor with a magnitude equal to the 
voltage on the DVR pin. A coupling capacitor transfers 
the peaking current from the PEAK pin to the LED on 
the rising and falling edges of the output current 
waveform. 

ECLN 

VBIAS 

lOuT 
LED 

GND 

KTSH 

KPK 

PEAK 

" 200 

J O.IIlF 

ML4632 

A typical application .is shown in figure 3. When the 
resistors RRPK and RpEAK are both set to 200, a pulse 
will be generated at the PEAK pin of magnitude 1.2V 
and equivalent resistance 200 (assuming VDRV = 1.2V). 

KPEAK 
200 CPEAK 

l00pF 

KKPK 
200 

-= "':" 

Figure 3. Applicatioo of the Peaking Circuit 

The peaking current is coupled through the 100 pF 
capacitor, CPEAK, which will transfer 120 pC of charge 
to and from the LED on each cycle of output current. 
The peaking circuit shown provides approximately a 
70% overshoot current into a 00 LED impedance. 
Peaking currents will be slightly lower for real LED's. 

lOUT = 60 MA 
10FF - 0.7 MA 

ECLP 

ITL ITL IN 

PlAT 

DRV 

VKEF 

10FF 

VCC 
,*4.7IlF 

+5V 

NOTE: THE LED, PEAK & VCC TRACES SHOULD BE VERY SHORT AND SHIELDED WITH A GND PLANE TO KEDUa RINGING AND 
OVERSHOOT AT THE LED. 

TTL DRIVEN IMPLEMENTATION 
(No Temp. Comp) 
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ORDERING INFORMATION 

.. PARr' NUMBER TEMPERATURE RANGE PACKAGE 

'ML4632CP {joC to +70·C 14-Pin Molded DIP (PH) 

ML4632CS O·C to +70·C .16~Pin SOlC (S16W) 

" 
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GENERAL DESCRIPTION 

The ML4642 AUI Multiplexer contains all the necessary 
drivers/receivers and control logic to implement <I 2 port 
MAU when used in conjuction with a transceiver chip 
which has a standard 802.3 AUI interface. In addition, the 
ML4642 is capable of operating in stand-alone mode 
where it interconnects two DTEs in the absence of a 
network MAU. Several ML4642s can be cascaded 
together to implement a 4 or 8 port MAU or stand-alone 
device. 

Logic within the ML4642 detects collisions resulting from 
multiple DTEs transmitting simultaneously. In addition, 
collision signals received from a transceiver attached at 
the MAU port are propagated to both of the DTE ports. 
Jabbering DTEs are prevented from loading down the 
network by internal jabber timers which disable babbling 
ports. 

BLOCK DIAGRAM 

+5V 

RRSET f 61.9K 

TXINIP 
TXININ 

RXOUTIP 
RXOUTIN 

CDOUTlP 
CDOUTlN 

TXIN2P 
TXIN2N 

RXOUT2P 
RXOUT2N 

CDOUT2P 
CDOUT2N 

MAU 
AUI 

INTERFACE 

MAU 
AUI 

INTERFACE 

t 
GND 

I I 

J I 
I 

I 
I 

I 

July 1992 
PRELIMINARY 

ML4642 

AU I Multiplexer 
Squelch circuitry on port receivers prevent noise on the 
cables-from being erroneously interpreted as valid data. 
Transmit, receive, collision, and jabber LED drivers 
indicate network activity and faults. The ML4642 is 
available in a 28 pin SSOP package. 

FEATURES 

• IEEE 802.3 compliant AUI interfaces assure 
compatibility with any AUI ready devices. 

• No crystal or clock input. 
• On-chip Jabber logic, Collision Detection, and SQE 

test with enable/disable option. 
• Selectable Loopback, Jabber, and SQE Test allows 

cascading of multiple chips to increase DTE port 
fan-out. 

• Six network status LED outputs. 
• 28 pin SSOP packaging 
• Semi-standard options available 

Vee Vee 

t t 
CONTROL I 

LOGIC 

JABBER I 
t 

DOMUX I 
DTE 

DIMUX AUI 
INTERFACE 

r--

TXOUTP 
TXOUTN 

RXINP 
RXINN 

CDINP 
CDINN 

CIMUX J,.;........, 

ISQESOURC~ 
LED DRIVERS I 

l I_L_T ~ 
JAB2 RXLED/LPBK/SQE TXLED2 
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PIN CONNECTIONS 

4-42 

RXLED/lPBK/SQE 

RXINP 

RXINN 

JAB1/JDIS 
'/ 

RRSET 

Vee 
TXOUTP 

TXOUTN 

TXLEDI 

TXLED2 

TXIN2P 

TXIN2N 

TXINIP 

TXININ 

Ml4642 
28-PIN SSOP (R28) 

j 

ML4642 
21 

RXQUTIP 

RXOUTIN 

RXOUT2N 

RXOUT2P 

CDOUTlN 

CDOUTlP 

JAB2 

CDINP 

CDINN 

CDLED 

CDOUT2P 

CDOlJT2N 

_----. ______ --',--- Vee 

TOP VIEW 
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PIN DESCRIPTION 

PIN NO. NAME FUNCTION DESCRIPTION 

RXLED/LPBK/SQE I/O Active low receive LED driver for MAU port. If tied to ground, this pin 
enables internal loopback of the active TXIN pair to the RXOUT pairs 
and enables SQE test. If tied to 0.6 volts internal loopback is enable but 
SQE test is disabled. 

2 RXINP Input Receive signal pair for MAU port. 

3 RXINN Onput Receive signal pair for MAU port. 

4 JAB1/JDIS I/O Active low jabber LED driver for DTE port 1 . If tied to ground, the jabber 
function is disabled at TXINl and TXIN2. 

5 RRSET Input Bias setting external resistor, 61.9KO. 

6 Vee Power +5 volt power supply 

7 TXOUTP Output Transmit signal pair for MAU port. 

8 TXOUTN Output Transmit signal pair for MAU port. 

9 TXLEDl Output Active low transmit LED driver for DTE AUI port 1. 

10 TXLED2 Output Active low transmit LED driver for DTE AUI port 2. 

11 TXIN2P Input Transmit signal pair for DTE port 2. 

12 TXIN2N Input Transmit signal pair for DTE port 2. 

13 TXIN1P Input Transmit signal pair for DTE port 1. 

14 TXIN1N Input Transmit signal pair for DTE port 1. 

II 15 Vee Power +5 volt power supply 

16 CDOUT2N Output Collision signal pair for DTE port 2. 

17 CDOUT2P Output Collision signal pair for DTE port 2. 

18 CDLED Output Active low collision LED driver. 

19 CDINN Input Collision signal pair for MAU port. 

20 CDINP Input Collision signal pair for MAU port. 

21 JAB2 Output Active low jabber LED driver for DTE port 2. 

22 CDOUT1P Output Collision signal pair for DTE port 1. 

23 CDOUT1N Output Collision signal pair for DTE port 1. 

24 GND Ground GND. 

25 RXOUT2P Output Receive signal pair for DTE port 2. 

26 RXOUT2N Output Receive signal pair for DTE port 2. 

27 RXOUT1N Output Receive signal pai r for DTE port 1 . 

28 RXOUT1P Output Receive signal pair for DTE port 1. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING CONDITIONS (Nbte 2) 

Power Supply Voltage Range Vee- ..•............ -0.3 to +6.OV 
Input Current RRSET, JABI/JABD, JAB2, CDLED, 

Supply Voltage (Ved ....... _' ................. 5V ± 10% 
LEO on Current. : . : ....................... ' ..... ;1 OrnA 

. 'RxLED/LPBK/SQE, TxLED1, TxLED2 ............... 6omA RRSET .................................. 61.9KO ± 1% 
Storage Temperature ... '.,. : ... ' .......... -65 eC to + 150°C 
Lead Temperature (Soldering 10 seconds) .......... ';; ,260°C 

ML4642 ELECTRICAL CHARACTERISTICS 
Unless, ptherwise specified TA = Doe to 700 e (Note 3), Vee = 5V ± ,10%. 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Power Supply Current lee Vee = 5V 60 90 mA 
(Note 4) 

LED Drivers: RL =5100 for CDLED, TXLEDI ,2, JAB2 0.8 V 
VOL RL =2700 for JAB1/JDIS, 

RxLED/LPBK/SQE (Note 5) 

Transmit Squelch Voltage Level -300 -250 -200 mV 
(Tx+, Tx-) 

Differential Output Voltage ±550 ±1200 mV 

Common Mode Output Voltage 4.0 V 

Differential Output Voltage Imbalance 
" 

2 ±4o mV 

RxLED/LPBK/SQE SQE Enabled/Loopback Enabled 0.3 V 
SQE Disabled/Loopback Enabled 0.4 0.6 0.8 

Note 1: Absolute maximum ratings are limits beyond which the lift: of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground. 

Note 2: limits are guaranteed by 100% testing J sampling,.or correlation with worst-case test conditions. 
Note 3: low Duty cycle pulse testing is performed at TA. 
Note 4: This does not include the current from the AUI pull down resistors or the LED output pins. 
Note 5: LED drivers can sink up to 20mA, but VOL will be higher. 



ML4642 ELECTRICAL CHARACTERISTICS (Continued) 
AC ELECTRICAL CHARACTERISTICS 

SYMBOLS PARAMETER 

TRANSMIT 

tTXNPW Transmit Turn-On Pulse Width 

tTXFPW Transmit Turn-Off Pulse Width 

tXODY Transmitter Turn-On Delay 

tTXlP Transmit Loopback Startup Delay 

tTXSDY Transmit Steady State Prop. Delay 

tTXJ Transmitter Jitter 

RECEIVE 

tRXODY Receive Turn-On Delay 

tRXSDY Receive Steady State Prop. Delay 

tRXJ Receiver Jitter 

tAR Differential Output Rise Time 
20% to 80% (Rx+/-, COl+/-) 

tAF Differential Output Fall Time 
20% to 80% (Rx+/-, COl+/-) 

COLLISION 

lePSQE Collision Present to SQE Assert 

tSQEXR Time for SQE to Deactivate after a collision 

leu Collision Frequency 

lelPDC Collision Pulse Duty Cycle 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 

tSQETD SQE Test Duration 

tSQEB SQE Blank Period 

JABBER, LINK TEST AND LED TIMING 

tJAD Jabber Activation Delay 

tJRT Jabber Reset Unjab Time 

tJSQE Delay from Outputs Disabled to 
Collision Oscillator On 

tlEDT CDlED, RxlED, TxlED1, TxlED2 On Time 

'Micro Linear 

ML4642 

MIN TYP. MAX UNITS 

20 ns 

180 ns 

30 ns 

40 ns 

15 ns 

1 ns 

20 ns 

15 ns 

1 ns 

3 ns 

3 ns 

I 
0 200 ns 

200 500 ns 

8.5 10 11.5 MHz 

40 50 60 % 

0.6 1.1 1.6 fls 

0.5 1.0 1.5 fls 

4 7 flsec 

7 13.5 20 ms 

250 450 750 ms 

100 ns 

20 50 300 ms 
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TIMING DIAGRAMS 

lXINP 

lXlNN 

TXOUTP 

TXOUTN 

RXOUT1, 2, P 
-----<. 

. RXOUT1, 2, N 

Figure 1. Transmit and Loopback Timing 

RXINP 

-->-RXINN 

RXOUT1, 2, P _:..-___ < I 
RXOUT1,2, N 

Figure 2. Receive Timing 
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Mt4642 
TIMING DIAGRAMS (Continued) 

TXIN1P~ X VALID X DlV"A X X X c= TXINtN 

g:b I TXIN2P 
DATA X X X c= TXIN2N 

X X c= CDOUn, 2, P 
CSO X CDOun,2,N 

Figure 3. Collision Timing 

:~:~I 

::Z:: =X-VAL-I-O---X DlV"A X'-__ .JX'-__ -.JY \'---
!--tSQEXR------.! 

cooun,.2,p-V cso ~ ____________________ _ 

CDOUTt, 2, N -" "-...--.J 

TXOUTP~ 

TXOUTN ~ TXIN2 
X TXIN2 X TXIN2 Xr-:;TX~IN~2)--------

Figure 4. Collision Timing 

'Micro Linear 4A7 



Ml4642 

TIMING DIAGRAMS (Continued) 

4-48 

lXIN2P~ 
lXIN2N~~i------------------------~----------------~---------

lXINtP.=x VALID X· DATA X X>~·--~--'--""""'-''----
TXIN2N \'--tSQEXT---I '--____ .I 

CDOUn,~p~ ao. ~~ ________________ ~ __ ~ ______________ __ 

COOUT1, 2, N ----". A---J 

:~: --. -lXI-N-t "'--""'X TXINt X TXINt X TXINt X~~tx~IN~t=)>--------------

CDOUTt, 2, p-,--------«,.....----.,I ~ =1-__ ~ ______ _ 
CDOUJI, 2, N 

Figure 5. Collision Timing 

TXINtP 
-----.r--v VALID DATA ) 

TXINtN~ 

I" 
tSQETD .. 
IsQEB -:tSQED,.:, 
CSO -~ CDOUTtP 

CDOUTtN 

tSQEB ____ .....:;;(in;;;te;;;rn;;;al;.;;s~ign;;;a;;:.I) ____ ...J L 
CDOUT2P 

CDOUT21\j 

Figure 6. SQE Timing 
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TIMING DIAGRAMS (Continued) 

lXIN1P e X ~ ~:I~:------+-l"" "1- I~. I'Rr_1 = I I 

lXIN1N 

lXOUTP -------1 
lXOUTN 

coounp 

COOUTIN 

I~--------~J---~ t=_~SQE _ 
___________________ \< ______ ~C~SO~ ____ ~_~-------

lXOunP 

lXOUT1N 

Figure 7. Jabber Timing 
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~----_____ ~I 

Figure 8. LED Timing 
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FUNCTIONAL DESCRIPTION 

Figure 9 is a block diagram of a Two Port Multiplexer 
using the ML4642 chip. All AUI interfaces are shown AC 
coupled as they would be in an AUI multiplexer·which 
does not include the MAU circuitry on the same board. 

TRANSMISSION 

The transmit function consists of detecting data on either 
of the TXIN diff~r~ntial receivers (TXIN1 or TXIN2) and 
transmitting this data out the TXOUT differential driver at 
theMAU port as well as both RXOUT1 and RXOUT2 
drivers of the DTE ports. (NQte:·the looping back of data 
received at a TXIN pair to tile RXOUT pairs is discussed in 
the Loopback section.) 

Before data will be transmitted to the TXOUT and RXOUT 
pins from the TXIN pins it must meet the unsquelch 
requirements of the TXIN receiver circuitry. The squelch 
circuitry prevents any noise on the TXIN wires from being 

TXINIP 

TXININ 

390 

misinterpreted as data and transmitted to the TXOU1; and 
RXOUT pins. The squelch circuitrejects signals with pulse 
widths less than typically 20ns and voltage levels more 
positivethan -250mV. Once the TXINreceiver is 

.. ' unsquelched it remains so until reception of the input idle 
signal, which is detected when the TXIN signal is more 
positive than -170mV for longer than 180ns. 

RECEPTION 

The receive function consists of detecting data at the RXIN 
differential receiver of the MAU porttransmitting thi's data 
to both DTE port RXOUT pairs. 

Before data will. be transmitted to the RXOUT pins of the 
DTE ports it must meet the unsquelch requirements for the 
RXIN receiver circuitry. The squelch circuitry at the RXIN 
differential receiver input performs the same function as 
that of the TXIN squelch circuitry using the same noise 
rejection criteria. 

vee 

vee 

GND 

Ml4642 RRSET 
61.9K 

RXOUTlP 
TXOUTP 

TO DTE 1 RXOUTlN TXOUTN 

3600 
3600 

=:]11 
CDOUTlP 

RXINP 

CDOUTlN 
RXINN 

3600 390 

~II 
TXIN2P 

TXIN2N CDINP 

390 CDINN 

390 

RXOUT2P 

TO DTE 2 RXOUT2N 
JAB1/JABD 

3600 
JAB2 

CDLED 
CDOUT2P 

TXLEDI 

CDOUT2N TXLED2 

3600 RXLED/lPBK/SQE 

Switch Option 
1. Receive LED with Internal/External MAU 
2. No MAU/No SQE 
3. No MAU with SQE 

Figure 9. Two Port AUI Multiplexer 
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COLLISION 

There are two conditions that constitute a collision from 
the point of view of the ML4642: 

a) If data is received at the TXIN inputs of both DTE ports 
simultaneously a local collision occurs within the 
ML4642. 

b) If the COIN input is active at any time other than the 
inter-packet gap window allowed for the SQE Test 
function described below. 

In either of the above circumstances it is necessary for the 
ML4642 to drive the CDOUT pairs on both DTE ports 
with the collision signal. The collision signal consists of a 
10 MHz +/- 15% square wave matching the AUI 
specifications and capable of driving a 780 load. The 
collision signal shall turn on within 2 bit times of the 
origination of the collision condition and shall turn off 
within 2-5 bit times after the collision condition subsides. 

During a collision condition there are two sources for data 
to be transmitted to TXOUT, TXIN1 and TXIN2. The 
highest priority source for data to be transmitted to 
TXOUT is the TXIN1 receiver. 

For example if TXIN2 begins transmission then TXIN1 
turns on, the collision oscillator will turn on and TXOUT 
will switch from TXIN2 to TXIN1. If the collision ends by 
TXIN1 turning off first, TXOUT will switch from TXIN1 to 
TXIN2, and 2-5 bit times later the collision oscillator will 
turn off. 

The MAU port's COIN receiver contains squelch circuitry 
to prevent noise from causing the erroneous detection of a 
collision signal. A signal on the COIN pair will not be 
considered active until it exceeds the same squelch 
requirements as those of the TXIN receivers. 

LOOPBACK 

The loopback function allows the ML4642 to emulate a 
coaxial transceiver by propagating the TXIN data back out 
the RXOUT pair of the same DTE port that is sourcing the 
data as well as the RXOUT pair of the idle DTE port. This 
allows the Ethernet controller sending the data to monitor 
its transmit packets and detect network faults. 

The loopback function is enabled at both DTE ports when 
the RXLED pin is tied to ground, or 0.6 volts. 

SQE TEST FUNCTION 

The Signal Quality Error (SQE) Test function allows the 
DTE to determine whether or not the collision detection 
circuitry is functional. After each transmission, during the 
inter-packet gap time, the collision signal will be activated 
on the CDOUT pair of the same port as the TXIN pair 
which received the packet, for typically 1 j.lS. The SQE 
function will not be activated on DTE ports of the ML4642 
which are in the Jabber state. The SQE function is enabled 
on both DTE ports when the RXLED/LPBK/SQE pin is 
grounded. 

ML4642 
JABBER 

The jabber function prevents a babbling transmitter from 
loading down the network. Within the ML4642 is a jabber 
timer on each TXIN receiver. Each timer starts at the 
beginning of a received packet and resets at the end of 
each packet. If a packet lasts longer than 7 to 20ms the 
jabber logic disables its corresponding TXIN receiver (thus 
preventing its data from being retransmitted) and 
generates a collision signal on the babbling port's CDOUT 
pair. When the TXIN pair finally goes idle, a second timer 
measures 0.5 seconds of idle on TXIN prior to re-enabling 
the receiver and turning off the collision signal. If the 
TXIN pair becomes active again before the 0.5 seconds 
has expired, the timer is reset and measures another 0.5 
seconds of idle time. 

The jabber function can be disabled on both ports by 
tying the JAB1/JABD pin to ground. 

LED DRIVERS 

The ML4642 has six LED driver pins. Each DTE port has a 
transmit LED and a jabber LED and the MAU port has a 
receive LED. Additionally, there is a collision LED which 
indicates the presence.of a collision condition. All LED 
drivers are active low 10mA current sources. 

The TXLED, RXLED, and CDLED outputs have 50ms pulse 
stretchers on them to enable the LEOs to be visible. The 
JLED outputs do not have pulse stretchers on them 
because their conditions occur long enough for the LEOs 
to be visible. 

Two of the ML4642 LED o'=!!I!!:!ts serve as configuration 
pins as well. RXLED/LPBK/SQE and JAB1/]DIS may be tied 
through a resistor to Vee, tied through a resistor and a LED 
to Vee or grounded. Additionally RXLED/LPBK/SQE may 
be tied to a specific voltage. When these pins are 
grounded or tied to a 0.6 Volts they become configuration 
inputs. Otherwise when tied high they become status 
outputs. 

CASCADING THE ML4642 FOR 4 AND 8 PORT 
DESIGNS 

The configurability of such functions as loop back, jabber, 
and SQE allows ease of cascading multiple ML4642 chips 
for larger fan-out designs. Figure 10 shows a four port AUI 
Multiplexer design. For a type 0 configuration both jabber 
and transmit LEOs are available on a per port basis for 
status. The RXLED/LPB~ins are tied through a 
resistor to 5 volts, and CDLED is wire OR'ED with the 
other chip for one collision detect status LED per system. 
There is also orily one receive LED status output which is 
displayed in a type 2 configuration. This particular pin in 
a type 2 configuration offers three options. In option 1, 
when tied to +5 volts through a resistor and an LED, an 
internal or external MAU will be connected. For stand
alone operation without an internal or external MAU a 
loopback is required. Option 2 allows loopback with no 
SQE test while option 3 provides loopback with an SQE 
test. 
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Figure 10. Four Port AUI Multiplexer 
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An eight port design is accomplished in the same way as 
sho~n in the block diagram in Figure 11. In an eight port 
design Type 0 and Type 2 configuration remain the same 
as in a four port design.~ 1 however only differs from 
Type 2 by tying RXLED/LPBK/SQE through a resistor to +5 
volts. Table 1 summerizes all of the different LED 
configurations. 

ML4642 
SQE TEST WHEN CASCADING 

:'s mentioned before, after each transmission during the 
mterpacket gap time the collision signal will be activated 
on the CDOUT pair of the same port as the TXIN pair 
which received the packet. When cascading ML4642s to 
implement 4 or 8 port designs, the path is remembered 
and followed to acheive this function. The paths that did 
not carry the transmit data blocks CDOUT for 4-7 ~ec 
after transmission to guarantee that only the port that 
transmitted will see SQE test. 

TABLE 1. LED Configurations for 2, 4, and 8 Port Designs 

JAB1/JABD RXLED/LPBK/SQE JAB2 CDLED TXLEDl TXLED2 

Two Port AUI Mux LED GND, 0.6V, LED LED LED LED LED 

Type 0 LED 2700(0 +5V LED WIRE'ORED LED LED 

Type 1 GND 270010 +5V NC NC NC NC 

Type 2 GND GND, 0.6V, LED NC NC NC NC 

TYPE 0 TYPE 1 TYPE 2 

OTE PORT 1 

OTE PORT 2 

OTE PORT 3 

OTE PORT 4 

MAU PORT 

OTE PORT 5 

DTE PORT 6 

OTE PORT 7 

OTE PORT 8 

Figure 11. Eight Port AU I Multiplexer 

'Micro Linear 4-53 

I 



ML4642 

ORDERING INFORMATION 

PART NUMBER . 

ML4642CR 
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TEMPERATURE 
RANGE 
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GENERAL DESCRIPTION 
The ML4652/ML4658 10BASE-T Transceivers are single 
chip cable line driver/receivers that provides all of the 
functionality required to implement both an internal 
and external IEEE 802.3 10BASE-T MAU. These parts
offer a standard IEEE 802.3 AU interface that allows 
them to directly connect to industry standard 
manchester encoder/decoder chips or an AUI cable. 

These parts require a minimal number of external 
components, and are compliant to the IEEE 802.3 
10BASE-T standard. The differential current driven 
transmitter offers superior performance because of its 
highly symetrical switching. This results in low RFI 
noise and low jitter. 

The Transceiver easily interfaces to 1000 unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic impedances by simply 
changing one external resistor. Jabber, Link Test, and 
SQE Test are fully integrated onto the chip with 
enable/disable options. A polarity detection status pin, 
which can drive an LED, is provided for receive data, 
and the ML4658 offers automatic polarity correction. 

The ML4652 and ML4658 are available in 24 pin skinny 
DIP as well as a 28 pin PLCC. 

BLOCK DIAGRAM 

Tx+ 
Tx-

COL+ 
COL-

Rx+ 
Rx-

SQEN/LTD/)A8D 

August 1992 

ML4652, ML4658 

10BASE-T Transceiver 

FEATURES 
• Complete implementation of IEEE 802.3 10BASE-T 

Medium Attachment Unit (MAU) 
• Incorporates an AU interface for use in an external 

MAU or internal MAU 
• Single +5 volt supply ± 10% 
• No crystal or clock input 
• Current Driven Output for low RFI noise and low 

jitter 
• Capable of driving 1000 unshielded twisted pair 

cable or 1500 shielded twisted pair cable 
• Polarity detect status pin capable of driving an LED 
• Automatic Polarity Correction on the ML4658 
• On-chip Jabber logic, Link Test, and SQE test with 

enable/disable option 
• ML4652 and ML4658 provide six network status 

LED output pins 
• ML4652 and ML4658 are available in a 24 pin 

skinny DIP or 28 pin PLCC 
• Semi-standard option using Micro Linear's FB3651 

LAN Transceiver Tile Array 

+5V 

lUSH 

TxTP+ 
TxTP-

TxCAPO 

TxCAPl 

RxTP+ 
RxTP-

BIAS 
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PIN DESCRIPTION (DIP) 
PIN NO. 

2 
3 

NAME 

CLSN 

COL+ 
COL-

FUNCTION 

Indicates that a collision is taking place. Active low LED driver, open collector. Event is 
extended lOOms for visibility. 

Gated 10MHz signal used to indicate a collision, SQE test, or jabber. Balanced differential 
line driver outputs that meet AU interface specifications. AC or DC 
coupled. 

4 SQEN/LTD/JABD SQE Test Enable, Link Test Disabled, Jabber Disabled. This input uses four voltage levels 

5 
6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
16 

17 

18 
19 

20 

4-56 

Rx+ 
Rx-
Vee 
Tx+ 
Tx-

RTSET 

RRSET 

POLRD 

XMT 

RCV 

TxTP-
TxTP+ 

GND 

TxCAPl 
TxCAPO 

LTF 

to configure the chip as shown in Table 1. 

Table 1. SQEN/LTD/JABD Pin Configuration 

Pin SQE Test Link Test Jabber 

OV (GND) Disabled Enabled Enabled 
1.2V Disabled Disabled Disabled 
BIAS Enabled Disabled Enabled 

5V(Ved Enabled Enabled Enabled 

When link test is disabled, no link pulses are transmitted, and the transmitter and receiver 
will not be disabled as a result of a loss of receive link pulses. When Jabber is disabled 
the transmitter can transmit continuously without interruption, and the collision oscillator 
will not be activated. 

Manchester encoded receive data output to the local device. Balanced differential line 
driver outputs that meet AU interface specifications. AC or DC coupled. 

+5 Volt power input. 

Balanced differential line receiver inputs that meet AU interface specifications. These 
inputs may be AC or DC coupled. When AC coupled, the BIAS pin is used to set the 
common mode voltage. Signals meeting the transmitter squelch input requirements are 
pre-equalized and output on TxTP+ and TxTP-. 

When using 1000 unshielded twisted pair, a 2200 resistor is tied between this pin and 
Vee. When using 1500 shielded twisted pair, a 3300 resistor is tied between this pin and 
Vee· 
A 1% 61.9KO resistor tied from this pin to Vee is used for internal biasing. 

Receive Polarity status. Active low LED Driver, open collector output. Indicates the polarity 
of the receive twisted pair regardless of auto polarity correction. When this pin is high, 
the receive polarity is correct, and when this pin is low the receive polarity is reversed. 

Indicates that transmission is taking place on the TxTP+, TxTP- pair. Active low LED driver, 
open collector. It is extended lOOms for visibility. 

Indicates that the transceiver has unsquelched and is receiving data from the twisted pair. 
Active low LED driver, open collector. It is extended lOOms for 
visibility. 

Pre-equalized differential balanced current driven output. These outputs are connected 
to a balanced transmit output filter which drives the twisted pair cable through pulse 
transformers. The output current is set with an external resistor connected to RT.SET· 
allowing the chip to drive 1000 unshielded twisted pair, 1500 shielded twisted pair 
cables or a range of other characteristic impedances. 

Ground reference. 

An external capacitor of 330pF is tied between these two pins to set the pulse width for 
the pre-equalization on the transmitter. If these two pins are shorted together, no 
pre-equalization occurs. 

Link Test Fail. Active high. Normally this pin is low, indicating that the link is operational. 
If the link goes down resulting from the absence of link pulses or frames being received, 
the chip will go into the Link Test Fail state and bring LTF high. In the Link Test Fail state, 
both the transmitter and receiver are disabled, however link pulses are still sent. A station 
that only has access to the AUI can detect a Link Test Fail by the absence of loopback. 
This pin is low when the Link Test is disabled. Open collector LED output. 

lr&. Micro Linear 
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PIN DESCRIPTION (DIP) (Continued) 

PIN NO. NAME 

21 RxTP-
22 RxTP+ 

23 BIAS 

24 JAB 

FUNCTION 

Twisted Pair receive data input. When this signal exceeds the receive squelch 
requirements the receive data is buffered and sent to the Rx+/- outputs. 

Bias voltage, output. Used to. bias the receive twisted pair inputs as well as the Tx+/
inputs when they are AC coupled. 

Open collector TTL output capable of driving an LED. When in the Jabber state, this pin 
will be low and the transmitter will be disabled. In the Jabber "OK" state this pin will 
be high. 

PIN CONNEOION 

CLSN 1 JAB 

BIAS 

RxTP+ 

SQENILTD/JABD 4 RxTP-

Rx+ UF 

T.CAPO 

Vee Tx(APl 

Tx+ GND 

TxTP+ 

TxTP-

KCV 

XMT 

TOP VIEW 

COl- CLSN BIAS 

SQEN/uD/JABD I COl+ I JAB I RxTP+ 

4 3 2 1 28 27 2& 
NC 25 RxTP-

Rx+ & 24 lTF 

Rx- 23 NC 

Vee Ml4&52 22 T.CAPO Ml4&58 
Vee 21 Tx(APl 

Tx+ 10 20 GND 

Tx- 11 19 GND 
12 13 14 15 1& 17 18 

/ KKSET / XMT I TxTP-/ 

RTSET POlKD Rev TxTP+ 

TOP VIEW 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

OPERATING CONDITIONS" 
(Not~ 2) 

Power Supply Voltage Range Supply Voltage (Vee) .............................. 5V ± 10% 
vee .............. :.............................. -0.3 to.6V lEO on 'Current .. :........... .... . .. . . .... . . . . .... ... . .. 10mA 

Input Voltage Range" . '.' RRsET . c .............•.•.................•.. : ... 61.9KO ± 1% 
Digital IOPllts (SQEN, lTD) .........•.......... , . -O.3toVee 
TlI+, TlI-, RlITP+, RlITP- .......................... -0.3 to Vee 

RTSET .. '.' ........... ; ..................... '; ......... 2200 ± 1% 
TxCAP ...........•. ; ......... , ....... : ................. 330pF 

Input Current ____ . ___ .. 
RRSET,' RTSEr, JAB, CLSN, XMT, RCV, UJ .. : ....... : . .' 60mA 

OUtput Current" 
TxTP+, TxTP- ....... ; ............. , .................. 80mA 

Storage Temperature ........................ -65°C to +150°C 
lead . .Temperature (Soldering 10 seconds) .. " .•........... 260°C 

ELEaRICAL CHARAaERISTICS 
Unless otherwise specified TA = O°C to 70·C (Note 3), Vee = 5V ± 10% 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Power Supply Current Icc (Note 4) Vee = 5V 140 mA 

lED Drivers: 

VOL RL = 5100 (Note 5) , 0.8 V 

Transmit Peak Output Current RTSET =2200 42 mA 
.(Note 6) 

Transmit Squelch Voltage level (Tx+, Tx-) -170 mV 

Differential .Input Voltage (RlITP+, RlITP-) ±0.300 ±3.1 V 

Receiver Input Resistance 10 KO 

SQEN/lTD/JABD Input Resistance 12 KO 

Receive Squelch Voltage level (RlITP+, Ri<TP-) " 300 450 585 mV-p 

Differential Output Voltage (RlI+I-, COL +1-) ±550 ±1200 mV 

Common Mode Output Voltage (RlI+I-, COL +1-) 4.0 V 

Differential Output Voltage Imbalance (RlI+I-, COl+I-) 2 ±40 mV 

BIAS Voltage 3.2 V 

SQEN/lTD/JABD SQE TE~T disabled .3 V 
All disabled 1.1 1.4 
.link Test disabled , BIAS-0.15 BIAS+0.15 
All Enabled Vee-0.05V 

Note 1: Absolute maximum ratings are limits beyond which the ·Iife of tbe integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty cycle pulse testing is performed at T A' 

Note 4: This does not include the current from the AUI pull down resisto'rs, the transmit pins TxTP+ and TxTP- or the LED output pins. 
Note 5: LED drivers can sink up to 20mA, but VoL'wlll be higher. 
Note 6: This current ""ill result in a 2.SV peak output voltage on unshielded twisted pair .cable when connected through an external filter 

and transformer as shown in Figure 12. 

". ~( 
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ElEcrRICAl CHARAcrERISTICS (Continued) 

1£ ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER MIN lYP MAX UNITS 

Transmit 

tTXNPW Transmit Turn-On Pulse Width 20 ns 

tTxFPW Transmit Turn-Off Pulse Width 180 ns 

tTXLP Transmit Loopback Startup Delay 200 ns 

tTXODY Transmitter Turn-On Delay 200 ns 

tTXSDY Transmit Steady State Prop. Delay 15 100 ns 

tTXJ Transmitter Jitter ±2 ±3.5 ns 

Receive 

tRXODY Receive Turn-On Delay if Transmit is Idle 420 500 ns 

tRXTDY Receive Turn-On Delay if Transmit is Active 650 800 ns 

tRXFX last Bit Received to Start Slow Decay Output 230 800 ns 

tRXSDY Receive Steady State Prop. Delay 15 100 ns 

tRXJ Receiver Jitter ±0.7 ±1.5 ns 

tAR Differential Output Rise Time 20% to 80% (Rx+/-, COl+/-) 3 ns 

tAF Differential Output Fall Time 20% to 80% (Rx+/-, COl+/-) 3 ns 

Collision 

tCPSQE Collision Present to SQE Assert 0 900 ns 

tTXRX Time for loopback to Switch from Tx to RxTP During 0 900 ns 
a Collision I 

tSQEXR Time for SQE to Deactivate Given That RxTP Goes Idle 0 900 ns 
and TxTP Continues 

tSQEXT Time for SQE to Deactivate Given That TxTP Goes Idle 0 900 ns 
and RxTP Continues 

tCLF Collision Frequency 8.5 10 11.5 MHz 

tcLPOC Collision Pulse Duty Cycle 40 50 60 % 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.1 1.6 /is 

tSQETD SQE Test Duration 0.5 1.0 1.5 /is 

Jabber, Link lest and LED TIming 

tJAD Jabber Activation Delay 20 70 150 ms 

tJRT Jabber Reset Unjab Time 250 450 750 ms 

tJSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns 

tm link loss Time 50 95 150 ms 

tLTN link Test Pulse Receive Minimum Time 2 4.2 7 ms 

tLTX link Test Pulse Receive Maximum Time 25 70 150 ms 

tTLP link Test Pulse Repetition Rate 8 16 24 ms 

tLTPW link Test Pulse Width 85 100 200 ns 

tLEDT XMT, RCV, ClSN On Time 30 100 300 ms 
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TIMING DIAGRAMS 

Tx+ 

Tx-

TxTP+ 

TxTP-

Rx+ 

Rx-

Figure 1. Transmit and Loopback Timing 

RxTP+ 

RxTP-

Rx+ 
-----( 

Rx-

Figure 2. Receive Timing 
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TIMING DIAGRAMS (Continued) 

TXTP+==X X VALID X DATA X X X TxTP-

RxTP+ 

RxTP-

COL+ 

COL-

11>+ X X X T, T, RxTP RxTP RxTP 
11>-

RxTP+ ===x: X VALID X DATA X X X x== RxTP-

TxTP+ P- ~D X I X X X x== DATA 
T,TP-

COL+ ~ X X x== X CSO 
COL-

Figure 3. Collision Timing 

R,TP+ ~>-________________________ _ 
R'TP_--'I 

T,TP+ -y_-__. ,---) _____________ _ 
TdP- --./\ VALID X DATA X'-__ ..JX'-__ ...J) 

~tSQEXR-I 
::~:=x CSO d----------,..;----------

:~~ T, X T, X T, X T, )~,..;--------

Figure 4. Collision roning 
\., \t, 
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TIMING DIAGRAMS (Continued) 

::~ 
::~==Xr-'-VA-UD~X IWA X'-_-..JXC~~~-..... '"')>----------

. ~~~ 
::~~=x CSO d~------------------
:~ --Rx-TP-"'"'X Rx1p· X RxTP X Rx1P X'--;Rx1;P---.»)..------

I teL' -

< X r-- ---- --.,---COL+ 
COL-

Figure 5. Collision TIming 

TXTP+-CX t V~IDIWA r---------------1,1P- '------f .. e .. ·· .. IsQfTo~1 
ISQEOV 

COL+ \: 
---------( . CSO 1>---COL- . . 

Figure 6. SQE TIming 

T,+ cy.. VALID X DATA ~ 

~ 'lAO . -I II--. __ IIKT_-__ ' 

V~ID I 
DA~ ~. __________ ~----

--l . C1ISQE d.' . ______ ~------~<~_=====C~s:o=======~~~. ______ _ COL-

T,-

TxTP+ 

T,TP-

COL+ 

. Figure 7. Jabber TIming 
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TIMING DIAGRAMS (Continued) 

RECEIVER FRAME 

::~ =========X=X_=~-=:",>>--------------LINK PULSE I 
~~+----------~~>---------------
~~-

I~ __ IUJ-~~' 
UF ~IT~AA~NS~M~~~R~EC~EW~ER 

_______________________ ---I.IOOPBACK DiSABlE 

I~ lLYN, tux ~I 
~TP+ ( > ( 
~TP- '---»---

,- Inp ~I 
1x1P+ ( > ( 
TxTP- '---»---

--1 tupw ~ 
Figure 8. Link Pulse TIming I 

TxTP+ 

~ Tx1P-

I- tLEDT ~I 
XMT 

I I 
RxTP+ @ @ 
~TP·. 

I. tLEDT ~I 
RCV 

I 
Figure 9. LED TIming 
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SYSTEM DESCR,PTlON 
Figure 10 shows a typical block diagram of an. external 
10BASE-T transceiver interface. On one side of the 
transceiver is the AU interface and the other is the 
twisted pair. The AU interface is AC coupled when used 
in an external transceiver or can beAC or DC coupled 
when used in an internal trans<;eiver. The AU interface 
for an external transceiver includes isolation 
transformers, some biaSing resistQr&,_ and. a. voltage 
converter for power. . 

The twisted pair side of the transceiver requires 
external transm it and receive filters, isolation 
transformers, and terminating resistors; These 
components can be.obtainedin a single hybrid 
package from suppliers listed in figure 12. The 
transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that 
lowers the amplitude of thesMHz component so that 
at the receiving end both the SMHz and iOMHz 
components have the same amplitude. The external .. 
transmit filter smooths the edges of the signal before 
passing it onto the twisted pair. 

The r~ceive. pair side of the transceiver accepts the d~ta 
after It passes through tre isolation transformer and the 
receive low pass filter: S'ihce this is an AC coupled 
input, the Bias pin is used to set the proper common 
m~de voltage for the receive inputs. A pair of 500 
resistors correctly terminate the receive pair and 
provide a common mode for the Bias voltage 
connection point. 

+sv 

t 
vee 

~. DO 

TxlN+ 
TxTP" 

U 
TxIN-

TxTP-
390 

~II 
390 

~. CI 

COL+ 

COl-
RxTP+ 

=:311 
3600 3600 

f-- BIAS 

RxOUT+ 

~. DI 
RxTP-

RxOUT-~II 
3600 

GND 

........., 1 
3600 

AU INTERFACE 

The AU interface consists of 3 pair of signals, DO, CI 
and DI as.shown in Figure 10. The DO pair contains 
transmi~ data from the DTE which is received by the 
tra.nscelve~ and sent .. Qut onto the twisted pair. The 01 
pair contains valid data that has been either received 
from the twisted pair or looped back from the DO and 
~)Utput th~ough the DI pair to the DTE: The CI pair 
indicates whether a transmit based collision has 
occurred. It is an output that oscillates at 10MHz. CI 
pair is also used for Jabber and SQE Test. 

The transce~ver. may be AC or DC coupled depending 
on t~e application. For the AC coupled interface, the 
DO Input must be DC biased (shifted up in voltage) for 
the proper common mode input voltage. The BIAS pin 
serves this purpose. When DC coupled, the manchester 
encoderldecoder transmit output pair. provides this 
common mode voltage and the Bias pin is not 
connected. 

The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. They provide a point to connect 
the common mode bias voltage, and they provide the 
proper matching termination for the AUI cable. The CI 
and 01 pair; which are output drivers from the 
transceiver to the AUI cable, require 3600 pull down 
resistors when terminated with a 780 load. However on 
a l?TE card, .CI and 01 do not need 780 terminating 
resistors. ThiS also means that the pull down resistors 
on CI a~d 01 can be lKO or greater depending upon 
the particular m,lnchester encoderldecoder chip used. 

~ 
oj 

1 500 
l 

500 ~ 

Figure 10. System Block Diagram 
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The AUI drivers are capable. of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 3ns. The rise and fall times match to within 
1 ns. I n the idle state, the outputs go to the same 
voltage to prevent DC standing current in the isolation 
transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the transmit twisted pair (TxTP+, 
TxTP-). A positive signal on the Tx+ lead relative to the 
Tx- lead of the DO circuit will result in a positive signal 
on the TxTP+ lead ofthe chip with respect to the 
TxTP- lead. 

Beforedata will be transmitted onto the twisted pair 
from the AU interface, it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the twisted pair. This circuit rejects 
signals with pulse widths less than typically 20ns and 
voltage levels more positive than -175mV. Once the Tx 
squelch circuit has unsquelched, it looks for the start of 
idle signal to turn on the squelch circuit again. The 
transmitter turns on the squelch again, when it receives 
an input signal at Tx+/- that is more positive than 
-175mV for more than approximately 180ns. 

BINARY 

T,TP+ 
T,TP-

OUTPUT AFlfR 

TRANSMIT FIIJER 

INPUT INTO 
·RECEIVER 

Mt4652, ML4658 

At the start of a packet transmission, no more than 2 
bits are received from the DO circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss plus steady-state 
propagation delay) for any two packets that are 
separated by 9.6ps or less will not exceed 200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor and the output 
filter. The transmitter employs a center tap 2:1 
transformer where the center tap is tied to Vee (+5V). 
While one pin of the transmit pair (TxTP+, TxTP-) is 
pulled low, the other pin floats. The output pins to the 
twisted pair wires, TxTP+ and TxTP-, can drive a 1000, 
1500 load, or a variety of impedances that are 
characteristic of the twisted pair wire. RTSET selects the 
current into the TxTP+, TxTP- pins. This current along 
with the characteristic impedance of the cable 
determines the output voltage. 

Once the characteristic impedance of the twisted pair is 
determined, one must select the appropriate RTSET 
resistor as well as match the terminating impedances of 
the transmit and receive filter. The RTSET resistor can 
be selected as follows: 

RTSET = (RLI100) • 2200 

where RL is the characteristic impedance of the twisted 
pair cable. 

o o o 

Figure 11. Transmit Pre-Equalization Waveform 
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The transmitter incorporates a pre'equalization circuit 
for driving the twisted pair line. 'Pre-equalization 
compensates fodhe ampiitude and phase distortion 
introduced by the,twisted pair cable.'The twisted pair 
line will attenuate the 10MHz signal-more than the 
5MHz signaL Therefore pre-equalization insmesthat 
both the 5 and 10MHz components will ,be roughly the 
same amplitude at the far erid receiver. 

The pre-equalization circuit reduces the current: output 
when a 5MHz bit is being transmitted. After 50ns' of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining SOns. Figure 11 
illustrates the pre-equalization. 

An on-chip one-shot determines the pulse width of tile 
pre-equalized transmit signaL" This requires an external 
capacitor connected to pins TxcAPO and TxCAP1. The 
proper value for this one-shot is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAP1 
together. ' , 

The transmitter enters the idl~ state when it detects , • 
start of, idle on,Tx+ and Tx- input pins. The transmitter 
maint<iiris a minimum'differential output voltage of at 
least 450mV for 250ns after the last low to high 
transition. The driver differential output voltage will 
then be within 50mV of OV within 45 bit times. 

RECEPTION 

The twisted pair receive data is transformer coupled 
and low Pass filtered before it is fed into the input pins 
RxTP+I-. The input is differential with the common 
mode voltage set by the chip's Bias pin. At the start of 
packet reception from the twisted pair link, no more 
than 5 bits are received from the twisted pair cable and 
not transmitted onto the DI circuit. The first bit 'sent on 
the DI circuit may contain phase violations or invalid 
data, but all subsequent bits a:re valid. 

The receive squelch will reject the following differential 
signals on the RxTP+ and RxTP- inputs:, 

1. All signals that produce a peak magnitude less than 
300m\!. 

2. All continuous siri,usoidal signals of amplitude less 
than 6.2Vp_p and frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp_p and either polarity, where the frequency is 
between 2MHz and 15MHz. For a period of 4, BT 
before and after this single cycle, the signal will 
conform to (1) above. 

4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency is between: 2MHz and 
30MHz. The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 

The first three receive squelch criteria are required to 
conform, to the 10BASE-T standard. The fourth receive 
squelch criteria exceeds the 10BASE-T requirements and' 
enhances the performance of, the receiver. The fourth 
squelch criteria prevents a false unsqllekh caqsed by 
cross talk or noise typically found coupling from the 
phone lines onto the receive twisted pair. 

When the receive squelch is on during idle, the input 
voltage must exceed approximately ±450mV peak 
several times before unsquelch occurs. If the transmitter 
is inactive, the receiver has up to 5 bit times to 
unsquelchand output the receive data on the Rx+, Rx
pair. If the transmitter is active, theoreceivesquelch 
extends the time ,it takes to determirie whether to 
unsquelch. If the receiver unsquelches while the 
transmitter is active, a collision will result. Therefore the 
receive squelch uses the additional time to insure, that' 
a collision will not be reported as a result of a false 
receive squelch. 

After the receiver is unsqiJelched, the detection 
threshold is lowered to 275m\l. Upon passing the 
receive 'squelch requirements the receive data' 
propagates into the multiplexer and eventually passes 
to theRx+ and Rx- outputs of the AU interface.:The 
addition of jitter through the receive section is nO' 
more than ±1.5ns. ' 

While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. When start cif idle is detected, receive squelch 
is turned on again. The proper start of idle occurs 
when the input signal remains above 300mVfor 160ns. 
Nevertheless, if no transitions occur for 160ns, receive 
squelch is still turned on. 

COLLISION 

Whehever the' receiver and the transmitter are active at 
the same time the chip will activate the collision 
output. The collision output is a ,differential square 
wave matching the AUI specifications and capable of 
driving a 7BO load. The frequency of the square wave 
is 10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillation turns on no more than 9 bit times 
after the collision condition begins, and turns off no 
more than 9 bit times after the Collision condition is 
removed. The collision oscillator also is activated during 
SQE Test and Jabber. 

LOOPBACK 

The ioopback function emulates a coax Ethernet 
transceiver where the transmit, data sent by the DTE is 
looped back over the AUI receive pair. Many LAN 
controllers report the status of the carrier sense for 
each packet transmitted. The software can Use this 
loopback information to determine whether a MAU is 
connected to the DTE by checkIng the status of carrier 
sense after each packet transmission. 
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When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on within 9 bit times. The data on the 
DI AUI pair (Rx+, Rx-) changes from Tx+, Tx- to RxTP+, 
RxTP-, when entering the collision state. During a 
collision, if the receive data (RxTP+, RxTP-) drops out 
before the transmit data (Tx+, Tx-), Rx+, Rx-will switch 
back to Tx+, Tx-. 

SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter-packet gap time, the 
collision oscillator wi.1I be activated for typically lj.1S., The 
SQE test will not be activated if the chip is in the link 
fail state, or the Jabber state. 

For SQE to operate, the SQEN pin must be tied to Vee 
or BIAS. The SQE test can be disabled by tying the 
SQEN pin to 1.2V or ground. This allows the chip to be 
interfaced to a repeater. 

JABBER FUNCTION 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission lasts longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision oscillator COl+, COl-. When Tx+ and Tx
finally go idle, a second timer measures 0.5 seconds of 
idle on Tx+ and Tx- before re-enabling the transmitter 
and turning off the collision oscillator. If transmission 
starts up again before 0.5 seconds has expired, the 
timer is reset and measures another 0.5 seconds of idle 
time. 

Even though the transmitter is disabled during jabber, 
link Pulses are still transmitted if the Link Test is 
enabled. 

Jabber can be disabled by placing 1.2V on the 
SQEN/LTD/JABD pin. This is useful for measuring jitter 
performance on the transmitter. 

LINK TEST FUNCTION 

Transmission - Whenever data is not being delivered 
to the twisted pair link, the idle signal is applied. The 
idle signal is a sequence of Link Pulses separated by a 
16ms period of silence. The idle Signal starts with a 
period of silence after a packet transmission ends. The 
link test pulse is a single high pulse with the same 
amplitude requirements as the data signal. 

ML4652, ML4658 

Reception - The transceiver monitors the receive 
twisted pair input for packet and link pulse activity. If 
neither a packet nor a ·Iink test pulse is received for 50 
to 150ms, the transceiver enters the Link Test Fail state 
and inhibits transmission and reception. link pulses 
received with the wrong polarity will be ignored and 
cause the chip to go into link test fail. 

A DTE can determine that the transceiver is in Link Test 
Fail one of two ways: it can monitor the LTF pin if the 
transceiver is internal, or it can monitor loopback. If the 
MAU is on-board the LTF pin can be sampled to 
determine that the transceiver is in the link fail state. If 
the MAU is external the DTE can monitor carrier sense 
during transmission. A loss of carrier sense is an 
indication of Link Test Fail State, since in Link Test Fail, 
loopback is disabled. Note that jabber also disables 
loopback but with Jabber the collision signal will be on: 

Whell a packet, or two consecutive link test puls!!S is 
received from the. twisted pair input, the transceiver will 
exit the Link Test Fail state upon transmit and receive 
data being idle, and re-enable transmission and 
reception. 

Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, detected pulses that occur within a time 
between 2 to 7ms of a previous pulse will be 
considered as noise by the link test circuitry. 

POLARITY CIRCUITRY 

The ML4652 offers polarity detection, while the ML4658 
offers automatic polarity correction. The ML4652 and 
ML4658 are pin for pin compatible. The POLRD pin is 
used to report the status of the receive pair polarity. 
This pin reflects the true status of the receive polarity 
regardless of whether the part has auto polarity 
correction or not. 

Polarity Detection - ML4652 - The internal circuitry 
uses the start of idle signal to determine the receive 
polarity. With the correct receive polarity, the Start of 
Idle signal (the end of the frame) will remain above 
300mV for more than 160ns. If the polarity is reversed, 
the Start of Idle signal will end with a negative voltage. 

The POLRD status pin is updated only when two 
consecutive frames are received with the same Start of 
Idle polarity. In the case where the part is powered up 
with the receive polarity reversed and no frames are 
received, the part will go into link test fail without 
reflecting a reverse polarity condition. Without 
autopolarity correction, the part will remain in link test 
fail unless a frame is received or the correct polarity 
link pulses are received. 
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Automatic Polarity CorreCtion - Ml4658 - In the link 
OK state, receive 'polarity-is updated when two " 
consecutive frames are received with the sarneStartof 
Idle polarity. In tile lin'k'Test Fail stafe<thepart will use 
either the Start of Idle signal' or link pulses to torrect 
the receive polarity. , 

In the case where the part is powered up with the 
receive polarity reversed and no'frames are received, 
the part will go into link Test fail. After two link pulses 
are received with the same polarity, the part will exit ' 
link Test Fail and correct the re\=eive polarity. The 
POLRD pin will continue to reflect the true polarity of 
the receive pair. ' 

LED DRIVERS 

The Ml4652, ML4658 have six LED drivers for transmit, 
receive, collision, link Test Fail, reverse polarity, and 
jabber. The LEOs are normally off except for LTF which 
is normally on and active high. The LEOs are tied to 
their respective pins through a 5100 resistor to 5 Volts. 

TheXMT, RCV and CLSN· pins have puls,e stretchers,on' 
them, which enables the LEOs to be visible.' When, " 
transmissiorr or. reception occurs, the LED )(MT, RGV:br 
CLSNstatus pilis will activate low for 100ms. If another' 
transmit; receive or collision condition occurs' during 
the first 100ms, tHe LEO timer will reset and begin 
timing again for 100ms. The LEOs will remain on for 
consecutive frames. The JAB, POLRD, and LTF LEOs do 
not have pulse stretchers on them since their 
conditions occur long ef!ough for the eye to see. 

SEMI~STANDARD OPTION 

The Ml4652 and ML4658 are, designed using Micro 
linear's Bipolar Tile Array'technology. They use a special 
Tile Array,: theFB3651, that was designed for Data 
Communications applications. As a result these parts 
are customizable, and can be modified to suit a specific 
customer application. Please contact your local 
representative or Micro linear for more information On 
semi~star\dard options.' , 
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APPLICATION: INTERNAL MAU 
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Figure 13. Internal MAU 

ORDERING INFORMATION 
ORDERING NUMBER PACKAGE PIN COUNT 

Ml4652CP 
. 

Skinny DIP (P24N) 24 pins 
ML4658CP Skinny DIP (P24N) 24 pins 
Ml4652CQ PlCC (Q28) 28 pins 
Ml4658CQ PlCC (Q28) 28 pins 
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'Micro Linear ML4654 

10BASE-T Transceiver for Multi-Port Repeaters 

GENERAL DESCRIPTION 
The ML4654 10BASE-T Transceiver is a single chip cable 
line driver/receiver that provides all of the functionality 
required to implement an internal 10BASE-T Transceiver 
for a Multi-Port Repeater. The ML4654 provides a TIL 
interface well suited for Multi-Port Repeater control 
logic. 

The ML4654 uses a minimal number of external 
components, and fully conforms to the IEEE 802.3 
10BASE-T standard. The transmitter offers a current 
driven output that is less sensitive to power supply 
variation and noise. It offers superior performance 
because of its highly symetrical switching which results 
in low RFI noise and low jitter. 

The Transceiver easily interfaces to 1000 unshielded 
twisted pair cable, 1500 shielded twisted pair cable, or 
a range of other characteristic impedances by 
changing one external resistor. Jabber and Link Test 
Function are fully integrated into the chip with 
enable/disable options. An auto polarity circuit detects 
the polarity of the receive pair and automatically 
corrects it if necessary. A polarity status pin that can 
drive an LED reflects the true polarity of the receive 
pair. 

The ML4654 is available in a 20 pin skinny DIP as well 
as a surface mount 28 pin PLCC. The Ml4654 is 

BLOCK DIAGRAM 
lR~ET 
+5V 

designed using Micro Linear's Bipolar Tile Array 
technology. It uses a special Tile Array designed for 
Data Communications applications. Semi-Standard 
options are available to suit a particular customer 
application. 

FEATURES 
• Complete implementation of IEEE 802.3 10BASE-T 

internal Medium Attachment Unit (MAU) 
• TTL interface for direct connection to Multi-Port 

Repeater control logic 
• Automatic polarity correction with a status pin to 

reflect the true receive polarity 
• Single +5 volt supply ± 10% 
• No ~Iock or crystal required:. 
• Capable of driving 1000 unshielded twisted pair 

cable or 1500 shielded twisted pair cable 
• Fully integrated link Test logic, with link Test Fail 

Status pin and enable/disable option 
• On-chip Jabber logic, with enable/disable option 
• Available in a 20 pin skinny DIP or 28 pin PLCC 
• Semi-standard option using Micro linear's FB3651 

LAN Transceiver Tile Array 

+5V 

KTSET 

L LINK PULSEJ .. 
_ ... J PRE-EQUALIZED I 
I> 1 TRANSMIT DRIVER I Tx+ 

Tx-

1 ,. 

11 
I JABBER II AUTOPOIARITY l 

CORRECTION I 
I RECEIVE SQUELCH T 
1 

c~ 

1 + 

i LINE RECEIVER I. 11 
1'J LINK TEST 

RECEIVE LOGIC 

RxD 

ITF 

-L I 
GND 

VCC(+5v) 
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PIN DESCRIPTION ;'c ~.'<. 

PIN PIN 
NO. NAME FUNCfION NO. NAME FUNCfION 

JAB/PIS jabber Status Outputfjabber 11 POLOIS Automatic Polarity Correction 
Disable. When this pin· is tied to Disable. When grounded or left to 
ground, the jabber function is . float this pin will disable automatic 
disabled and the transmitter is polarity correction. The PQlRD 
allowed to ,transmit indefinitely. status pin continues to reflect the 

. This pin has an internal pullup so status of the receive polarity, even 
that when tied to a TTL input it when automatic polarity is 
will be low in the unjab state and disabled. When this pin is tied 
high in the jab state. When in the high, automatic polarity c6rrection 
jab state, the transmitter will be is enabled. 
disabled. 12 TxTP- Pre-equalized differential balanced 

2 CRS Carrier Sense. Indicates valid 13 TxTP+ output driver. These outputs are 
receive data from the twisted pair. connected to terminating resistors, 
TTL output active high. a transformer and a balanced 

3 RxD Receive data output to the local transmit output filter. The output 

device. TTL levels. ·current is set with an external 
resistor connected to RTSET 

4 LTD link Test Disable. When tied high . allowing the chip to drive 1000 
or left to float, link test is disabled. unshielded twisted pair, 1500 
When link Test is disabled no link shielded twisted pair cables or a 
pulses are transmitted, and the range of other characteristic 

, transmitter and receiver will not impedances. 
be disabled as a result ofa loss of 
receive link pulses. When this pin 14 GND Ground reference. 

is grounded, link pulses willbe 15 TxCAP1 An external capacitor of 330pF is 
transmitting during. idle, and the 16 TxCAPO tied between these two pins to 
link test receive logic is enabled. set the pulse width for the pre-

S RRSET A 1% 61.9KO resistor tied from this equalization on the transmitter. If 

pin to Vee is used for biasing these two phis are shorted 

internal nodes. together, no pre-equalization 
occurs. 

6 Vee +5 Volt power input. 
17 TxEn When this pin is low the 

7 Tx+ Differential transmit data pair transmitter is enabled and 
8 Tx- input from the local device, with transmitting the data received 

TTL levels. from the Tx+/- input pair. TTL 
9 RTSET When using 1000 unshielded input-active low. 

twisted pair cable, tie a 2200 18 LTF link Test Fail. Active high. 
resistor between this pin and Vee- Normally this pin is low, indicating 
When using 1500 shielded twisted that the link is operational. If the 
pair cable, tie a 3300 resistor link goes down resulting from the 
between this pin and Vee. absence of link pulses and frames 

10 POlRD Polarity Reversal Detection. This being received, the chip will go 
pin reflects the true receive into the link Test Fail state and 
polarity status regardless of the bring lTF. high. In the link Test 
state of the autopolarity logic. Fail state, both the transmitter and 
A low indicates that RxTP+ and receiver are disabled, however 
RxTP- are reversed. Open collector link pulses are still sent. This pin 
TTL output. is low when link Test is disabled. 

19 RxTP- Twisted Pair Receive Data Input. 
20 RxTP+ When this signal exceeds the 

receive squelch requirements the 
receive data is buffered and sent 
to the RxD output pin. 
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PIN CONNECTION 
RxD IAB/DIS RxTP-

NC I CRS I RxTP+ I LTF 
IAB/DIS RxTP+ 

CRS RxTP- 4 3 2 1 2B 27 26 

RxD ITF 
NC 25 NC 

LTD T.EN 
LTD 6 24 T.EN 

RRSEr TxCAPO 
NC 23 NC 

Vee T.CAPI 
RRSET 22 T.CAPO 

vcc 21 T"CAPl 
Ix. GND 

T.- TxP+ 
Vcc 10 20 GND 

RTSET TxP-
Tx+ 11 19 GND 

12 13 14 15 16 17 18 
POLRD POWIS 

T.- I POLRD I T.TP-I TOP VIEW 
NC RTSEr POWIS TxTP+ 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Power Supply Voltage Range Supply Voltage (Vecl ...................... ." ....... 5V ± 10% 
Vee ............................................ -U.3 to 6V 

Input Voltage Range ............................. -U.3 to Vee 
LED on Current ......•...•..........•.................. 10mA 
RRSET ........•.........................•....... 61.9KO ± 1% 

Input Current ......................................... 60mA RTSET .................................. 2200 or 3300 ± 1% 
Output Current TxCAP ................................................ 330pF 

TxTP+,TxTP- ........................................ 80mA 
Storage Temperature (Tj) ............................... 13SoC 
Lead Temperature (Soldering 10 seconds) .............. 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified TA = ODe to 70De (Note 3), Vee = 5V ± 10% 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current lee (Note 4) Vec = 5V 120 mA 

TIL Inputs: 
VIL .8 V 
VIH (LTD, TxEN) 2 V 

TIL Outputs: 

VOL IOL = 1.6mA .4 V 
VOH (CRS, RxD, LTF) IOH = -'WOpA 2.4 V 

LED Drivers: 
VOL (JAB/DIS, POlRD) RL = 5100 (Note 5) 0.8 V 

Transmit Peak Output Current RTSET = 2200 42 mA 
(Note 6) 

Differential Input Voltage (RxTP+, RxTP-) ±0.300 ±3.1 V 

Receiver Input Resistance 10 KO 

Receive Squelch Voltage Level (Rx TP+, Rx TP-) 300 450 585 mVp 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: low Duty cycle pulse testing is performed at T A-

Note 4: This does not include the current supplied into the transmit pins TxTP. and TxTP-. 
Not!, 5: LED drivers can sink up to 20mA, but VOl will be higher. 
Note 6: This current will result in a 2.SV peak output voltage on unshielded twisted pair cable when connected through an external filter and 

transformer as shown in Figure 5. 
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ELEaRICAL CHARACTERISTICS (Continued) 

1£ ELECTRICAL CHARACTERISTICS 

PARAMHER .. MIN TYP MAX UNITS 

Transmit 

trxEN Transmit Enable to Data Out 100 ns 

tTXDIS Transmit Disable to Start Slow Decay 50 ns 

tTXSDY Trarismit Steady State Prop. Delay 15 100 ns 

tTX) Transmitter Jitter ±2 ns 

Receive 

tRXOCR Valid Receive Data to CRS Turn·On 
. 

500 ns 

tRXTCR Valid Receive Data to CRS Turn·On if Transmit is Active 800 ns 

tRXSDY Receive Steady State Prop. Delay 15 100 ns 

tRXFCR Receive Turn·Off to CRS Inactive 150 230 300 ns 

tRX) Receiver jitter ±1.5 ns 

tAR Rx Output Rise Tjme 20% to 80% . 4. '. ns 

tAF Rx Output Fall Time 20% to 80% 4 ns 

Jabbet: Unk Test and LED TIming , 
tJAD jabber Activation' Delay 20 70 150 ms 

tJRT jabber Reset Unjab Time 250 450 750 ms 

t)JAB Delay from Outputs Disabled to JABIDIS Active -20 ns 

tm link Loss Time 50 95 150 ms 

tLTN link Test Pulse Minimum Time 2 4.2 7 ms 

tLTX link Test Pulse Maximum Time 25 70. 150 ms 

tLTPW link Test Pulse Width 65 100 130 _.- :I)S 

tTLP link Pulse Repetition Rate 8 16 14 ms 

TIMING DIAGRAMS 

TXT ---+--""" 
Tx· ___ 1-_.1 

T,TP+ ------<1 
TxTP· 

Figure 1. li-ansmit Tming 

,i",' 
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TIMING DIAGRAMS (Continued) 

RxTP+ 

RxTP-

Rx 

CRS 

Figure 2. Receive Timing 

TXEN~ 
::~ ~ C)(VALID X !MTA )>--+--------------

> '0 >I'AD----~ 

=1 
I~----------J~------l IIIAR 
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TxTP+ 

TxTP-

Figure 3. Jabber Timing 
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I- lUN, lux ~I 
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Figure 4. Link Pulse Tming 
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FUNCTIONAL DESCRIPTION 
Figure 5 shows a typical block diagram of the Ml4654 
in an internal 10BASE-T transceiver interface. On one 
side of the transceiver is the local controller interface 
and the other is the twisted pair. The twisted pair side 
of the transceiver requires external transmit and receive 
filters, isolation transformer, and termination resistors. 

The transmitter sends pre-equalized .data through the 
transmit filters onto the twisted. pair. The pre-equalized 
data uses a standard two step output. waveform that 
lowers the amplitude of the 5MHz component so that 
at the receiving end both the 5MHz and 10MHz 
components have the same amplitude. The external 
transmit filter smooths the edges of the transmitter's 
output before passing it onto the twisted pair. Figure 6 
illustrates the transmit output waveforms at different 
stages of the system. 

The receive pair side of. the .. transceiver accepts the data 
after it passes through the isolation transformer and 
the receive low pass filter. Since this is an AC coupled 
input, an internal DC bias is used to set the proper 
common mode voltage for the receive inputs. 

LOCAL INTERFACE 

The local interface consists of transmit, and receive 
signals which all use TTL levels .. The transmit input 
signals entail a pair of true differential TTL transmit data 
pins, ahd an enable signal. 

Once the transmitter is enabled, the output on TxTP+, 
TxTP- is determined by the transmit input pair Tx+, Tx-. 
The transmit input pair is a true differential TTL input 
that determines the switching point based on both 
inputs. Driving this input single ended is also possible 
by letting Tx- float. After the last bit is transmitted, Tx+ 
should be held high and Tx- held low for two bit times 
before TxEn goes high. 

During reception the carrier sense pin (CRS) is activated 
asynchronously to receive data. Receive data is output 
through the receive data output pin (RxD). At the end 
of the packet, CRS goes inactive two bit times after the 
last low to high transition on RxD. 

TRANSMISSION 

The transmit function consists of enabling the 
transmitter with TxEn and driving the data onto the 
transmit twisted pair (Tx+, Tx-). A positive signal on the 
Tx+ lead relative to the Tx- lead results in a positive 
signal on the TxTP+ lead of the chip with respect to 
the TxTP- lead. 

At the start of a packet transmission, no more than 1 
bit is received from the Tx+, Tx- circuit and not 
transmitted onto the twisted pair. The difference 
between start-up delays (bit loss. plus steady-state 
propagation delay) for any tWo packets ,that are 
separated by 9.6j.Is or less will not exceed200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor. The transmitter 
employs a center tap 2:1 transformer where. the center 

. tapistie,d~o Vee (+5V) .. While one pin of the transmit 
.' pair is pulled low, the other pin floats. 

The output pins to the twisted pair wires, TxTP+ and 
TxTP-, drive a 100n lo3d, 150n load, or a variety of 

; impedances .that are characteristic of the twisted pair 
wire. To select the correct' drive current for a 
characteristic impedance of the twisted pair wire, one 
must select the appropriate RTSET resistor. The RTSET 
resistor can be determined as follows: 

RTSET = (RL/100) • 220n 

where RL is the characteristic impedance of the twisted 
pair cable. 

The transmitter incorporates a pre-equalization circuit 
for driving the twisted pair line. Equalization of the 
transmit signal ,is needed to decrease the voltage of the 
5MHz component of the Manchester encoded signal. 
The twisted pair line will decrease the voltage of the 
10MHz signal more than the 5MHz signal. Therefore 
the pre~equalization insures that both the 5 and 10MHz 
components will have the same amplitude at the far 
end receiver. 

The pre-equalization circuit reduces the' output current 
when a 5MHz bit is being transmitted. After SOns of a 
5MHz, bit, the current level is reduced to approximately 
2/3 of its peak for the remaining SOns. Figure 6 
illustrates the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This, requires an external 
capacitor connected to pins TxCAPO and TxCAPt The 
proper value for this capacitor is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAP1 
together. ' 

The transmitter enters the idle state when it is disabled 
by TxEn. The Tx+ pin should remain high and the Tx
pin should remain low or float for two bit times before 
the TxEn signal goes high. When this happens, the 
transmitter maintains a minimum differential output 
voltage of at least 450mV for. two bit times after the last 
low to high transition. The driver's differential output 
voltage will then be within 40mV of OV within 80 bit 
times. In addition the current into the load will be 
limited in magnitude to 4mA within 80 bit times. 

4-76·' '-Micro Linear 
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Figure 6. Transmit Output Waveforms 

RECEPTION 

Before. the twisted pair receive data is input into the 
transceiver it is transformer coupled and low pass 
filtered. The RxTP+/- input is differential with the ". 
common mode voltage set internally at approximately 
halfway between Vee and GND. At the start of a packet 
reception from the twisted pair link, no more than 5 
bits are received from the twisted pair cable and not 
transmitted onto the Rx pin. The first bit sent to Rx may 
contain phase violations or invalid data, but all 
subsequent bits are valid, 

The receive squelch will ,reject the following differential 
signals on the RxTP+ and RxTP- inputs: 

1. All signals that produce a peak magnitude less than 
300mV. 

2. All continuous'sinusoidal signals of amplitude less 
than 6.2Vp_p and-frequency less than 2MHz. 

3. All single sinusoidal cyCles of amplitude less than 
6.2Vp_p and either polarity, where the frequency is 
betWeen 2MHz and 15MHi: For a period of 4 BT 
before and .after this si!1glecyCle, the signal will. 
conform to (1) above. 

4. All sinusoidal. cyCles gated by a 100nspulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the 'sinusoidal frequency is between 2MHz and 
30MHz; The off time of the pulse gate on the 
sinusoidal signal shall be at least 400ns. 

The first three receive squelch criteria are required to 
conform to the 10BASE-T. standard. The forth receive 
squelch criteria exceeds the 10BASE-Trequirements. It 
enhances the receiver's performance without 
compromising on conformance to the standard. The 
additional squelch criteria prevents a false unsquelch 
from occuring due to cross talk or no~se typic.ally. 
coming from the telephone system twIsted paIr wIres. 

When the receive squelch is on( the input voltage must 
'exceed ±450mV peak several times before unsquelch 
occurs. If the transmitter is inactive, the receiver has up 
to' 5 bit times to unsquelch and output the receive data 
on the Rx+, Rx- pair. If the transmitter is active, the, 
receive squelch extends the time it takes to determine 
whether to unsquelch. If the receiver unsquelches 
while the transmitter is active, a collision will result. 
Therefore the receive squelch uses the additional time 
to insure that a collision will not be reported as a result 
of a false receive squelch; 

After the receiver is unsquelched, the data detection 
threshold is lowered to 275mV. Upon passing the 
receive squelch requirements, the receive data, 
propagates to the Rx TTL output. This TTL output has· 
been bolstered to reduce jitter. The addition of jitter 
through the receive section is no more than ±1.5ns. 



vyhil~ in the unsquelch state, the receive squelch 
CIrCUIt looks for the start of idle signal at the end of the 
packet. When st~rt of idle is detected, receive squelch 
~s tu~ned on agam and the carrier sense pin goes 
mactlve. The proper start of idle occurs when the input 
signal remains above 300mV for 160ns. Nevertheless if 
no transitions occur for 160ns, receive squelch is still 
turned on. In this case however, the polarity may be 
~eversed. A reverse polarity condition will be registered 
mto the autopolarity circuit if the start of idle signal is 
n.egative. It will take several reverse polarity start of idle 
signals and/or reverse polarity link pulses to actually 
change the polarity on the receive circuit. (See 
Automatic Polarity Reversal section for more detail) 

JABBER FUNCTION REQUIREMENTS 

The jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and activates 
the j~~IDIS pin, signaling the controller of the jabber 
~ondltlon. When Tx+ and Tx- finally go idle, a second 
timer measures 0.5 seconds of idle on Tx+ and Tx
before re-.enabling th~ t~ansmitter and deactivating the 
JAB/DIS pm. If transmission starts up again before the 
0.5 seconds has expired, the timer is reset and 
measures another 0.5 seconds of idle time. Even though 
th.e transmitter is disabled during jabber, Link Pulses are 
stili transmitted. 

The jabber function can be disabled by tying the 
JAB/DIS pin to ground. This forces the Ml4654 into the 
Unjab state allowing indefinite transmission. 

LINK TEST FUNCTION 

Transmission - Whenever data is not being delivered 
t? the .twisted pair link, the idle .signal is used. The idle 
s~gnal IS a se~uen~e of link pulses separated by 16ms of 
s~lence. The Idle signal starts with a 16ms period of 
Silence after a packet transmission ends. The link test 
puls~ is a single high pulse which meets the amplitude 
requirements for a pulse of duration BT. 

~eception - The transceiver monitors its twisted pair 
mput for packet and link pulse activity. If neither a 
packet nor a link test pulse is received for 50 to 150ms 
the transceiver enters the Link Test Fail state and ' 
inhibits transmission and reception. The Hub Controller 
can determine that the transceiver is in the Link Test 
~ail ~tate by monitoring the LTF pin. If lTF is low, the 
hnk IS operational. But if lTF goes high, the Ml4654 has 
entered the Link Test Fail state as a result of a loss of 
both Link Pulses and Receive Frames. 

ML4654. 

Wh~n a packet, or tWo consecutive link test pulses is 
received, the transceiver will exit the link test fail state. 
Exiting the link test fail state may be deferred if either 
TxEn. is high or !~e receive squelch is off indicating 
receive data activity. After the link test fail state is 
exited, transmission and reception are re-enabled. 

Link test pulses that do not occur within at most 25 to 
150ms of each other are not considered consecutive. In 
addition, a Link Test Pulse that occurs within a time 
between 2 to 7ms of a previous Link Test Pulse will be 
considered as noise by the link test circuitry. In the 
Link Test Fail state, such pulses reset the counted 
number of consecutive link test pulses to zero. 

AUlOMATIC POLARllY REVERSAl 

This circuit determines the polarity for the receive pair 
only, and decides whether the polarity should be 
~eversed: After 240ms of consistent reverse polarity 
Infor~atlon, the POlRD pin will change states and the 
polarity on ~he re~eive circuit will switch. The polarity 
on the. receive pair RxTP+, RxTP- is determined using 
both lmk Pulses and the Start of Idle signal at the end 
of a r~cei~e. packet. When the Start of Idle signal is 
negative, It IS treated as a reverse polarity indication. 
When a Link Pulse begins with a negative .transition it is 
treated as a reverse polarity indication. When both Link 
Pulses and/or Start of Idle signals consistently indicate a 
reverse polarity condition for 240ms, the polarity on the 
receiver will be reversed. 

The .POlR~ pin will reflect the true polarity on the 
receive pair regardless of the automatic correction 
circuit. For example if the~ on the receive pair is 
reversed, after 240ms the POlRD pin will go low and 
th~ data ~~ the ~D pin will have the correct polarity. 
ThiS condition will remain as long as the polarity stays 
reversed. If the reverse polarity is then corrected, after 
2~Oms the POlRD pin will go high and the RxD pin 
Will have the correct polarity. 

The POLDIS pin will disable the automatic polarity 
correction but have no affect on the POlRD pin. 
!herefore when POlDIS pin is tied low and the polari!y 
IS reversed on the receive pair, after 240ms the POlRD 
pin will ~o low, but the RxD will continue to pass the 
data on m the reverse polarity condition. 

If the Ml4654 is powered up with the RxTP+/- polarity 
revers~d, and no data is received, it will go into link 
test fall. After 240ms of reverse polarity information, the 
auto-polarity circuit will reverse the polarity. The link 
test circuitry will then receive two correct polarity link 
pulses, and exit the link test fail state. 

'MicroLi~ 
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Mt4654: 

ORDERING INfORMATION 

ORDERING 'NUMBER 

ML4654CP 
ML4654CQ: 

, . 

PACKAGE' 

Skinny DIP 
PLCC 

PIN COUNT 

20' pins (1'20), 
28 pins (q28) 
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GENERAL Of SCRIPTION 
The Ml4661 FOIRl transceiver combined with the 
Ml4621 or Ml4622 fiber optic quantizers provides all 
of the functionality required to implement both an 
internal and external IEEE 802.3 FOIRl MAU. The 
Ml4661 offers a standard IEEE 802.3 AU interface that 
allows 'it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI cable. 

The Ml4661 provides a highly integrated solution that 
requires a minimal number of external components, 
and is compliant to the IEEE 802.3 FOIRl standard. The 
transmitter offers a current driven output that directly 
drives a fiber optic lED transmitter. Jabber, 1MHz idle 
signal, and SQE Test are fully integrated onto the chip. 

The receiver accepts an ECl level input coming from 
the Ml4621 or Ml4622 fiber optic quantizers. The 
1MHz idle signal. is removed and the AUI output is 
activated when the receive squelch criteria is 
exceeded. A link Monitor function is also provided for 
low light detection. 

BLOCK DIAGRAM 
+5V 

Tx+ 

August 1992 

ML4661 

FOI RL Transceiver 

FEATURES 
• Combined with the Ml4621 or Ml4622, offers a 

complete implementation of an FOIRl Medium 
Attachment Unit (MAUl 

• Incorporates an AU interface for use in an external 
MAU or an internal MAU 

• Single +5 volt supply ±10% 
• No crystal or clock required 
• On-chip Jabber, 1MHz idle, and SQE Test with 

enable/disable option 
• Five network status lED outputs 
• Available in a 28-pin PlCC package 
• Semi-standard option using Micro linear's FB3651 

LAN Transceiver Tile ArrilY 

PIN CONNECTION 

Tx- ~ __________ -+T=Xom 

COL+ 

COL-

Rx+ 

Rx-

RRSET 

LBKD 

LMONIN 

RxIN+ 

RxIN-

BIAS 

'Micro Linear 
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PI~ DESC,~~;PTION 
PIN: # NAME" 

2 
3 

4 

5 

6 
7 " 

8 
9 

10 
11 

12 

13 

14 

15 

16 

COL+ 
COL-

SQEN/JABD 

GND 

Rx+ 
Rx-" 

Vee 
Vee 
Tx+ 
Tx.,. 

IUSET 

RRSET 

NC, 

XMT' 

RCV 

FUNCTION 

Indicates that a collision is taking 
.:place. t\ctive low LED driver, open 
collectOr. Event is extended with 
internal. timer. for visibility. 

Gated 10MHz oscillation used to 
indicate a collision, SQE test; or 
jabber .. Balanced, .I;!ifferentiill line 
driver outputs tha~ meet AUI 
specifications. 

SQE TeSt Jnable, Jabber. Disable. 
When tied low, SQE test .is 
diSiltil~o, wheh tied high SQE test 
is enabled. When tied to BIAS 
both SQE test and Jabber' are 
disabled. 

Ground Reference. 

Manchester encoded· recei~ data 
output .to the . local device. . 
Balanced differential line driver 
outputs. 

+5 Volt power input. 

Balanced differential line receiver 
inputs that meet AUI 
specifications. These inputs may 
be transformer, Ac:. or DC 

.. coupled. ,When transformer or AC 
coupled, ..the BIAS pin is used to 
settne common mode voltage. 

Sets the current driven out of the 
transmitter. 

A 1% 61.9 Kn resistor tied from 
this pin to Vee sets t~e biasing 
currents for internal nodes. 

No Connection. 

'indicates that transmission is 
taking place. Active low LED 
driver, open collector. Event is 
extended with internal timer for 
visibility. 

Indicates that the transceiver is 
receiving a-frame from the optical .. 
input. Active low LED driver; open 
collector. Event is extended with 
internal timer for visibility .. 

·PIN *I 

17 

18 

19 

20 

21 

22 

.23 

24 

25 
26 

27 

28 

NAME 

-Vee 
TxOUT 

NC 

GND 

GND 

LMON1N 

LBDIS 

LMON 

RxIN
RxIN+ 

BIAS 

FUNCTION 

+5 volt supply. 

Fiber optic LED driver output. 

N() Connection. 

Gro.und Reference. 

G~6und Refe~ence;" 
link. Monitor Input from the 
ML4621 or ML4622. This input 
must be low (active) for the 
receiver to unsquelch. 

Loopback Disable. When this pin 
is tied to Vee. the AUI transmit 
pair data is' not looped back to 
the AUI receive pair, and collision 
is disabled. When this pin is tied 
toGND (normal' operation), the 
AUI transmit pair data is looped 
b.ack to the AUI receiver pair. 

Link Monitor LED status output. 
This pin is pulled low when 
LMONIN input is low and there 
are transitions on RxIN± 
indicating an idle Signal or active 
data. If either. LMONIN goes high 
or transitions cease on RxJN±, 
LMON will go high; Active low 
LED driver; open collector . 

Fiber Optic receive. pair. This ECL 
level signal is received from the 
ML4621 or ML4622. fiber optic 
quantizer. When this signal 
exceeds the receive squelch 
requirements, an,d the LMONIN 
input is low; the receive data is 
buffered and sent to the AUI 
receive outputs. 

BIAS. output voltage for the AUI 
Tx+, Ix.,. inpllts when they are AC 
coupled. ' 

Jabber network status LED. When 
in the Jabber state, this pin will be 
low and the transmitter will be 
disabled. In the Jabber "OK" state 
this pin will be high. Open 
collector TTL output. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Power Supply Voltage Range Supply Voltage (Ved .............................. 5V ± 10% 
Vee ............................................. -0.3 to 6V LED on Current ....................................... 10mA 

Input Voltage Range 
Digital Inputs (SQEN, LMON'N, LBDIS) ......... -0.3 to Vee 

RRSET ......•................................... 61.91<0 ± 1% 
RTSET ......•.................................... 1620 ± 1% 

Tx+, Tx-, RxIN+, RxIN- ........................ -0.3 to Vee 
Input Current 

RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON ......... 60mA 
Output Current 

TxOUT ............................................. 100mA 
Storage Temperature ...................... -65· C to +150·C 
Lead Temperature (Soldering 10 seconds) ............... 260·C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA = -30·C to as·c, Vee = SV ± 10% (Note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Current Icc: 
Idle Vee = 5V, RTSET = 1620 170 mA 
While Transmitting (Note 4) 200 

LED Drivers: 
VOL RL = 5100 (Note 5) ·0.8 V 

Transmit Peak Output Current RTSET = 1620 57 mA 

Transmit Squelch Voltage Level (Tx+, Tx-) -300 -250 -200 mV 

Common Mode Input Voltage (Tx±, RxIN±) 2 Vee - 0.5 V 

Receive Squelch Voltage Level (RxIN+, RxIN-) ±175 mV-p 

Differential Output Voltage (Rx±, COl±) ±550 ±1200 mV 

Common Mode Output Voltage (Rx±, COL±) 4.0 V 

Differential Output Voltage Imbalance ±.w mV 
(Rx±, COl±) 

BIAS Voltage 3.2 V 

SQE/JABD SQE Test Disable .3 V 
Jabber Disable BIAS -.15 BIAS + .15 
Both Enabled Vee - 0.05 

LBDIS Threshold Disabled Vee -0.10 V 
Enabled 1 

'Micro Li"ear 4-83 
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Mt4661 . , 

AC ELECTRICAIlCHARAQ"ERISTICS c 

SYMBOL 1 PARAMETER MIN TYP MAX .1 UNITS 

li'ansmit 

tTxNPW' Transmit Turn-On Pulse Width 20 . ns 

tTXFPW . Transmit Turn-Off Pulse Width from Data to Idle 400 2100 ns. 

tTXLP Transmit loopback Startup Delay 500 ns 

tTXODY Transmitter Turn:On Delay 100 ns 

tTXIDF Transmit Idle Frequency \,,1 0.85 1.25 MHz 

tTXDC Transmit Idle Duty Cycle . 45 55 % 

tTXSDY Transmit Steady State Propagation Delay 15 50 ns 

tTXJ Transmitter Jitter' into 310'load 
:"- " ±1.5 ns 

.. _-
Receive 

tRXSFT Receive Squelch Frequency Threshold 1.3 4 MHz 

tRXODY Receive Turn-On Delay 350 ns 

tRXFX Last Bit Received to Slow Decay Output 230 800 ns 

tRXSDY Receive Steady State Propagation Delay' 15 50 ns 

tRXJ Receiver Jitter' . ±1.5 ns 

tAR Differential Output .Rise Time 20% to 80% {Rx±,COL±) 4 ns 

tAF Differential Output Fall Ti~e 20% to 80% (Rx±; cOl:b·· 4 ns 
II 

CoUlSIOn 

tCPSQE' Collision Present to SQE Assert 0 400. ns 

tSQEXR Time for SQE to Deactivate After Collision 4~0 1/000 ns 

tcLF Collision Frequency , 8.5 11.~ MHz 

tCLPDC Collision Pliise Duty Cycle 40 sO 60 % 

tSQEDV SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 ps 

tSQETD SQE. Test Duration 0.5 1.0 1.5 ps 

Jabber and LED liming 

tJAD Jabber Activation Delay 20 70 150 ms 

tJRT Jabber Reset Unjab Time 
" 

250 450 750 ms 

tJSQE Delay from Outputs Disabled to Collision Oscillator On. 100 ns 

tLEDTRC RCV; CLSN On Time 10 70 ms 

tLEDTI XMIT On Time 5 30 ms 

tLLPH low Light Present to WON High 3 10 JIS 

tLLCL ~ow Light Clear to WON low 1 6 ms 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
speciiied are measured with' respect to ground .. 

Note 2:: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty Cycle pulse testing is performed at T A' 

Note 4: This does not include the current from the AUI pull down resistors, or LED status outputs. 
Note 5: LED drivers can sink up to 20mA, but VOL will be higher. 



SYSTEM DESCRIPTION 
figure 1 shows a typical block diagram of the ML4661 
in an internal or'external fOIRL MAU. On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used in an external transceiver or can be AC or 
DC coupled when used in an internal transceiver. The 
AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, 'and a 
voltage regulator for power. 

+5V 

XMT RCV USN JAB LMON 

ML4661 

The fiber optic side of the transceiver requires an 
external fiber optic transmitter, fiber optic receiver, and 
the ML4621 or ML4622 fiber optic quantizers. The 
transmitter uses a current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4621/ML4622 fiber 
optic quantizer. 

r---'t---ICOL- TxOUT 1-----, 

a ] II '---+--ICOL+ 

+5V 

SQEN/JAB L--~_-

i-
+5V J' Tx- ML4661 RrSET 

DO , II BIAS LBDIS 

'---<~-I Tx+ RRSET 

+5V 

+5V 

FIBER OPTIC 
TRANSMITTER 

" ] II L...+-----I~ 
Rx+t----i ~ FIBER OPTIC 

RECEIVER 
Rx-i-----1 E'?rL LINK MON 

Vee 
LMON'Nj-------' 

GND 

AUI PWR+ 

AUI PWR-

VOIJAGE 
REGULATOR 

+5V 

figure 1. FOIRL System Block Diagram 

AUI INTERFACE 

The AUI interface consist of 3 pair of signals, DO, CI 
and 01 as shown in figure 1. The DO pair contains' 
transmit data from the OTE which is received by the 
transceiver and sent out onto the fiber optic cable. The 
01 pair contains valid data that has been either 
received from the fiber optic cable or looped back' 
from the DO and output through the 01 pair to the 
OTE. The CI pair indicates whether a collision has 
occurred. It is an output that oscillates at 10MHz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. '. 

When the transceiver is external, these three pair are 
AC coupled through isolation transformers, while an 
internal transceiver may be AC or DC coupled. for the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltage) for' the proper 
common mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial interface provides this common 
mode voltage and the BIAS pin is not connected. 

'Micro Unear 
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The two 390 1% resistors tied to theTx+ ilnd Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode' bias voltllge asidiscussed· ' 
abov~( a~d they provide the proper matching'. . 
terr:l1Inatlon for the AUI cable: The CI and DI pair' . 
which are output from the transceiver totheAVI 'cable' 
require 3~00'Plill' down resistors whthterminated with 
a 780 load. HoWeven>n a DTEcardi 'Cland'OI do not 
need780 terminating resistors. This also ·means· that the' 
pull down resistors on CI and DI can be lKO' or . . 
greater depending upon. the particular manchester 
encoder/~ecoder ~hip used. Using higher value pull 
down resistors as In a DTE card will save power. 

The AUI drivers are capable of driving the full 50 
meters of cable. length and have a rise and fall time of 
typically 3ns. In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the 
pr~~ence of data from the AUI DO input (Tx+, Tx':') and 
driVing that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx-.lead 
of the DO circuit will result in no, current, hence the 
fiber optic LED. is in a low light condition. When Tx+ is 
more negative than Tx-, the ML4661 will sink current 
into the chip and the LED will light up. 

Before data will be transmitted onto the fiber optic 
cable from the AUI interfa~e, it must exceed the . 
s~uel.ch reqllire";1ents for the DO pair. The Tx squelch 
CIr~Ult serves. the function of preventi(lg any noise fr.om 
~elng tra~smltted onto the fiber. This circuit rejects ., 
Signals With pulse widths less than typically'20ns . 
(negative going), or with levels less than ~250m\f. Once 
Tx squelch circuit has unsquelched, it looks for the start 
of idle .signal to turn on the squelch circuit again. The 
tra~smltter: turns on the squelch again when it receives 
an Input Signal at TxIN± that is more positive than 
-250mV for more than approximately 180ns. 

At the start of a packet transmission no more than 1 
bit is received from the DO circuit ~nd. not transmitted 
onto the fiber optic cable~ The difference between 
start-up delays (bit loss plus steady-state propagation 
delay) for any two packets that are separated by' 9.6tJs 
or less will not exceed 200ns. . .. 

The output stilge of the transmitter is a current mode 
switch which develbps th~ output light by sinking 
current through the LED Into the TxOUTpin. Once the 
current requirement for .the LE;D is. determined, the . 
RTSIT resistor isselected. The following equation is 
used to select the.correct RTSn .resistor:· 

RTSET='( 42mA )2200 
, . lOUT 

The transmitter enters the idle state when it . detects 
start of idle .on Tx+ and Tx~ input pins. After detecting 
the start of Idle the transmitter switches to a·1MHz·· 
output idle signill. 

4-86 

RECEPTION 

The. inp.ut to the transceiver comes from the ECL 
outputs of the ML4621' or ML4im.t.\t.thlspoint it is. a . 
clean digitillECL signal. At. thestilrt :<if.packet reception 
no more, .than 3.5 bits ,are received from the fiber cable 
and not. transmitted. onto the DI circuit The receive . . 
squelch will reje<;t frequencies lower than .1.3MHz and 
input voltage less than,±.175m\f. The receive squelch 
~11I.also reject any. receive. input if the LMONIN pin 
IS high. .' 

~hil~ in the unsquelch state, the receive squelch 
CIrCUIt looks for the start of idle signal at the end of the 
pack~t. ~tart of .idle occurs when the input signal 
remains Idle fo~ more than 160ns. When start of idle is 
detected, the receiVe squelch circuit returns to the: 
sq~lch state and tne'start of idle signill is output on 
the DI .circuit (Rx+, 'Rx-). . 

COLLISION 

Whenever the receiver and' the transmitter are ilctive ilt 
the same time the chip will activate the collision 
output. The collision output is il differential squilre 
w~v~ matching the AUI specifications and capable of 
driVing a 780 load. The frequency ofthe square wave 
is 10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillation tunis on no more than 4.5 bit times 
after the collision condition begins, and turhs off 
between 4.5 and 7 bit times after the collision 
condition is removed. The collision oscillator also is 
ilctivated during SQE ;rest and jilbber: 

lOOPBACK 

The loopback function emulates an Ether~et (10BASE-5) 
~ransceiver whereby the transmit data sent by the DTE 
IS looped bilck over the AUlreceive pair. Some LAN 
contr011ers use this loopback information to determine 
whether il MAU is connected 'by monitoring the carrier 
sense while transmitting. The software can use this 
loopback information to determine whether a MAU is 
connected to the DTE by checking the status of carrier 
sense ilfter each pilcket trilnsmission. 

Wh~~ data is ~~ceive? by t?e c.hip while transmitting, a 
colliSion condition eXits. ThiS Will cause the collision 
oscillator to turn on within 4.5 bit times. The data on 
'~he' DI pai~. will. remain with the DO pair until DO goes 
Idle. At thiS pOint DI will switch to RxIN if it is still 
active, or DI will go idle if RxIN is idle. After a collision 
is. detected, the collision oscillator will remain on untjl 
either DO or RxIN go idle. The exception to this is 
when DO starts, then Rxl N starts, then DO stops, then 
RxIN stops, In this case the collision oscillat.or will 
remain on until RxlN goe~ idlea,ccording to ~he IEEE ' 
FOIRL s~andard.. '. , . 

Loop~ack Cilri be disi}bledby strapping LBDIS to Vee. 
In thls'hlode the chip operates asa full duplex . 
transmitter and receiver, antI collision detection is' 
disabled; A loopback through the transceiver can be' 
accomplished by tying the fiber transmitter to 
the receiver. 



SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically 1J.1S. The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber on state. 

For SQE to operate, the SQEN pin must be tied to Vee. 
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision signal COL+, COL-. When Tx+ and Tx
finally go idle, a second timer measures 0.5 seconds of 
idle time before the transmitter is enabled and collision 
is turned off. Even, though the transmitter, is disab.led 
during jabber, the 1MHz idle signal is still transmitted: 

TIMING DIAGRAMS 

Tx+ 

Tx-

T.OUT 

Rx+ 
----(1 

Rx-

ML4661 

LED DRIVERS 

The ML4661 has five LED drivers. The LED driver pins 
are active low, and the LEDs are normally off. The lEDs 
are tied to their respective pins through a 500n resistor 
to 5 Volts. 

The XMT, RCV and ClSN pins have pulse stretchers on 
them whiCh enables the lEDs to be visible. When 
transmission or reception occurs, the lED XMT, RCV or 
ClSN status pins will activate low for several milli
seconds. If another transmit, receive or collision 
conditions OCClJ{S before the timer expires, the lED 
timerwill reset al1d restart the timing. ThereforeJ:Mlid 
events will leave the lEDs continuously on. The JAB 
and lMON lEDs ,do not have pulse stretchers on them 
since their conditions occur long enough for the eye to 
see. 

LOW LIGHT CONDITION 

The lMON lED output is used to indicate a low light 
conditioll. LMON is activated low when both lMONIN 
is low and there are transitions on RxIN± less than 3ps 
apart. If either one of these conditions do not exist, 
lMO~ will. go high. 

'--->-
Figure 2. Transmit and Loopback Timing 

RxIN+ 

RxIN-

Rx+ 
----< 

Rx-

Figure 3. Receive Timing 
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TIMING DIAGRAMS (Continued) 

TxOUT==X X VALID X. IWA X X X 

~~ 
X X X RxIN+ 

IWA 
RxIN-

X COL+ X X CSO 
COL-

11<+ .. >G:J( X X Tx X Tx Tx ·Tx 
11<-

RxIN+~ 
RxIN- ---A __ --I X VALID X IWA X X X x== 

P-=b x== IWA X X X 

X x== CSO X X 

TxOUT __ .,--_ 

COL. -----.,...-
COL-

Figure 4. Collision Timing 

RxIN+~ 

RxIN----I>-' .... · -----'---------------

TxOUT =:x VALID X IWA· X'-__ -'X'-__ ..... y \ ...... _-
I-tSQ£XR' -----../ 

::~:=x cso d-------------------'-

:~~ Tx X Tx X Tx. X Tx »).--------
• ASSUMES THAT TxOUT BEGAN BEFORE RxIN 

Figure 5. Collision Timing 
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T~UT====>~ ________________________________________________ __ 

~~ -v I ,..------, r--~ 
RxIN---A VALID X DATA X X )~-------------------

!--tSQEXI' ---I 
::~~ CSO ~~------------------------------------

:~ ====Rx=IN====X RxIN X RxIN X RxlN XrRRxillIN~»------------
• ASSUMES THAT RxIN BEGAN BEFORE T~U! 

I 1ClF 
~ 

( x }--- ---- - ----COL+ 

COL-

Figure 6. Collision Tming 

TxOUT --0 
VALID DATA (L'. tsQETD~",1 ~tSQEDY 

COL+ 

----------<~ cso'· " )>-' --
COL- • • 

Figure 7. SQE Timing 

Tx+ P ... A~Di'\LlD X DAIi\ ~ 
~, ----+1"'1 11-.---tIRT_1 

T~UT ____________ ~ ~~ ~I _________________ ' ______ ~ 1 ______ __ 

~ t=tISQ
' J ___________________ ~(~ __ ====~c~~~~~~~~~_~j.~.-------

COL-

lX-

COL+ 

Figure 8. Jabber Timing 
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. TIMING DIAGRAMS (Continued) 

TxOUT IJ'\l\J'\>. 
--~~~--------------------

XMT 

RxIN+ 

RxIN-

RCV 

RxIN+ 

RxIN-

LMONIN 

IMON 

r tLEDn "I 
------~ ~I·~-----------

-@~@~'--------,--

",,1·.~--,-,-tLEDTRC---""'''o-Il 

~--------~------~~~ 

Figure 9. LED Timing 

ORDERING INFORMATION 
PART NUMBER PIN COUNT PACKAGE 

ML4661CQ 28Piiis Molded PCC (Q28) 
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GENERAL DESCRIPTION 

The ML4661 EVAL is an external MAU designed to 
evaluate the ML4661/ML4662 FOIRL/10BASE-FL 
transceiver and the ML4621/ML4624 fiber optic quantizer. 
The board interfaces to the AUI port through the 
transformer and to the fiber optic cable through the HP 
fiber optic transmitter and receiver. 

FEATURES 

• Jumper switches to enable or disable Loop Back. 

• Jumper switches to enable or disable SQE and Jabber 
functions. 

• Capable of adjusting the receive sensitivity. 

• 6 staus LEDs. 

• Current consumption: 260-290mA typically 

BLOCK DIAGRAM 

AUI 

DO 

I--,D""I_-I PULSE I-----j 
1-----1 &4103 1--------1 

CI 

July 1992 

ML4661 EVAL 

FOIRL Evaluation Kit 

KIT COMPONENTS 

The ML4661 EVAL kit includes the following items to help 
the customer speed up their design, layout and debug 
process. 

1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts I ist of the 
ML4661 EVAL. 

• HFBR1414: HP fiber Optic LED transmitter. 

• HFBR2416: HP fiber optic pin diode receiver. 

• Two 28 pin sockets for the ML4661 and the 
ML4621. 

• ML4661 CQ: FOIRL transceiver. 

• ML4621 CQ: Fiber Optic quantizer. 

• PE64103: PULSE AUI coupling transformer. 

• AUI CONNECTOR: 15 pins D SUB connector. 

3) DOCUMENTATION: Includes the following items: 

• Demo board description. 

• Block Diagram of the DEMO board. 

• Schematic of the demo board. 

• Layout of the demo board. 

• Parts list of the ML4661 EVAL. 

+5V GND 

+5V 

ML4661/ 
ML4662 

HFBR 
1414 

ML4621/ 
ML4624 

GND 

HFBR 
241& 
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GENERAL DESCRIPTION 
TheML466210Base-FLtr~nsceiver combined with the 
ML4622 or ML4624 fiber optic quantizers provides all 
of the functionality required to implement both an 
internal and externaIIEEE.802.3 10Base-FL MAU. The 
ML4662 offers a standard IEEE 802.3 AU interface that 
allows it to be dir.ectly CQnnected to industry standard 
manchester encocjer/decoder chips or ·an AUI cable. 

The ML4662 provideS'a .highly integrated solution that 
requires a minimal number of external components, 
and is compliant to the IEEE 80.2.3 10Base-FL standard. 
The transmitter offers a current driven output that 
directly drives afibet optic LED transmitter. Jabber, 
1MHz idle signal, and SQE Test are fully integrated 
onto the chip. 

The receiver accepts an EeL level input coming from 
the ML4622 or ML4624 fiber. optic quantizers. The 
1MHz idle signal is removed and the AUI output is 
activated when the receive squelch criteria is 
exceeded: A Link Monitor function is also provided for 
low light detection. 

BLOCK DIAGRAM +5V 

SQEN/JABD 

Tx+ 

May 1992 
PRElIM,I~ARY 

ML4662 
10BASE-FL Transceiver 

FEATURES 
• Combihed with the ML4622 or ML4624, offers ·a 

complete i~plerru:!ntation of an 10Base-FL Medium 
Attachment Unit (MAU) 

• Pin compatible with the ML4.6~1 FOIRl Jrans.ceiver 
• Incorporates an AU interface for use in an external 

MAU or an internal MAU 
• Single +5 volt supply ± 10% 
• No crystal or clock required 
• On-chip Jabber,.1MHz idle, and SQE Testwith 

enable/disable option 
• Five network status LED outputs 
• Available in a 28~pin PCC package 
• Semi-standard option available 

PIN CONNEcrlON 

Tx- T.oUT 
1--------+-

COL+ 

COL-

Rx+ 

Rx-

RRSET 
LBKD 

.--___ -+LM_ONIN 

RxIN+ 

RxIN- \ L::=--;-----r-

LED . 
DRIVERS BIAS 

'Micro Linear 

COL- . CLSN BIAS 

SQEN/JABD I COL+ I JAB I RxIN+ 

GND 

Vee 

Vee 

Tx+ 

Tx-

4321282726 

ML4662 

12 13 14 15 1617 18 

I RRSET I XMT I VeeTx I 
RTSET NC RCV T.oUT 

TOP VIEW 

RxIN

IMON 

LBDIS· 

IMONiN 
GND 

GND 

NCiPEAK 



ML4662 

PIN DESCRIPTION 
PIN *I NAME FUNCTION PIN *I NAME FUNCTION 

1 ClSN Indicates that a collision is taking 19 NC/PEAK Normally this pin can be left 
place. Active low LED driver, open floating. (tying it to GND or Vee is 
collector. Event is extended with OK too.) Some fiber optic LEDs 
internal timer for visibility. may need an additional peaking 

2 COL+ Gated 10MHz oscillation used to circuit to speed-up the rise and 

3 COL- indicate a collision, SQE test, or fall times. For this case' tie pin 19 

jabber. Balanced differential line (NC/PEAK) to pin 18 (TxOUTj. 

driver outputs that meet AUI When using the HP HFBR 1414, let 

specifications. pin 19 float. Using the peaking 
circuit may deteriorate optical' 

4 SQEN/JABD SQE Test Enable, Jabber Disable. overshoot and· u'ndershoot: 
When tied low, SQE test is 

20 GND Grou.nd ReferenJ:e .. disabled, when tied high'SQE test 
is enabled. When tied to BIAS 21 GND Ground Reference. 
both SQE test and Jabber are 22 LMON1N Link Morii~or Input from. the 
disabled. ML4622 or ML4624. This input 

5 GND Ground Reference. must be low (active) for the 

6 Rx+ Manchester encoded receive data receiver to unsquelch. 

7 Rx- output to the local device. 23 LBDIS Loopback Disable. When this pin 
Balanced differential line driver is tied to Vee, the AUI transmit 
outputs that meet AUI pair data is not looped back'to 
specifications. the AUI receive,pair, and collision 

8 Vee +5 Volt power input. is disabled. When this pin is tied 

9 Vee to GND (normal operation), the 
AUI transmit, pair data is looped 

10 Tx+ Balanced differential line receiver back to the AUI receiver pair. 

I 11 Tx- inputs that meet AUI 
specifications. These inputs may 24 LMON Link MoriifQr LED status Qutput. 

be transformer, AC or DC This pin is pulled low when 

coupled. When transformer or AC LMONIN input is low and there 

coupled, the BIAS pin is used to are transitions on RxIN± '. 

set the common mode voltage. indicating an idle signal or aCtive 
data. If either LMONIN goes high 

12 RTSET Sets the current driven out of the or transitions cease on RxIN±, 
transmitter. LMON will go high. Active low 

13 RRSET A 1% 61.9 KCl resistor tied from LED driver, open collector. 
this pin to Vee sets the biasing 25 RxIN- Fiber Optic receive pair. This ECL 
currents for internal nodes. 26 RxIN+ level signal is received from the 

14 NC No Connection. ML4622 or ML4624 fiber optic 

15 XMT Indicates that transmission is quantizer. When this signal 

taking place. Active low LED exceeds the receive squelch 

driver, open collector. Event is requirements, and the LMONIN 

extended with internal timer for input is low, the receive data is 

visibility. buffered and sent to the AU I 
receive outputs. 

16 RCV Indicates that the transceiver is 
27 BIAS BIAS output voltage for the AUI receiving a frame from the optical 

input. Active low LED driver, open Tx+, Tx- inputs when they are AC 

collector. Event is extended with coupled. 

internal timer for visibility. 28 JAB Jabber network status LED. When 

17 VeeTx +5 volt supply for LED driver. in the Jabber state, this pin will be 
low and the transmitter will be 

18 TxOUT Fiber optic LED driver output. disabled. In the Jabber "OK" state 
this pin will be high. Open 
collector TIL output. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) (Note 2) 

Power :;upply Voltage Ral'1ge. 
V(.(;, ... :,.,; .......... ~ .. : ...... , ................ -0.3 to 6V 

SupplyVoltage {Ved ....... , ...................... 5V± 10% 

Inpu{Voltilge Range .'. . . 
LED on Current, ............ ; ........ , ....... : ......... 10mA 
RRSET .............................. : ........... 61.9Kn ± 1% 

Digit!lleJnputs (SQEN, LMONJN,'LBDIS) ......... -0.3 to Vee 
Tx+,)'J<~ RxIN+; RxIN- .... :................... -0.3 to Vee 

RTSET· ............ c' .. , ....... : ....... : ............ 1620 ± 1% 

Inpur Cu~rEmt. . ... 
RRSEr, RYSEr, JAB, CLSN, )(MT,'RCV, lMON ......... 60mA 

Output CLirrent· . . 
TxOUr ; .~ ....................................... c • • • • •• 70mA 

Storage Temperature, ., ............. : ........ -65· C to +150·C 
. Lead Temperature (:>oldering .10 sec;ol'1ds) .... :......... 260·C 

ELECTRICAL CHARAcTERISTICS 
Unless otherWise specified,,TA ;. O·C to 70·C, Vee = 5V ± 10% (Note 3) 

PARAMmR CONDITIONS MIN TYP MAX UNITS 

Power ~l!pply Current Icc: Vee = 5\1, RTSET= 1620 mA· 
While Transmitting . (Note 4) 200 

LED Drivers: VOL 1m = 10mA (Note 5) 0.8 V 

Transmit Peak Output Current (Note ·6) RTSET = 1620, 47 52 57 mA 
Vee = VeeTx = 5V ± 5% 

Transmit Squelch Voltage Level (Tx+,Tx-) -300 -250 -200·· mV 

Common Mode Input Voltage (Tx±, RxIN±) 2 Vee -05 V 

Differential. Oulput Volrnge(Rx±, COl±) ±550 ±1200 mV 

Common Mode Output Voltilge (Rx±, COl±) 4.0 V 

Differential Output· Voltage Imbalance ±40 mV 
(Rx±,COl±)· . . . .. 

BIAS Voltage 3.2 . ... V. 

SQE/JABD SQE Test Disable .3 V 
Jabber Disable 1.5 Vee - 2 

.. Both Enabled Vee - 0:5 

LBDIS Threshold Disabled Vee -OjO V 
Enabled .1 



ML4662 

AC ELEaRICAL CHARAaERISTICS 
SYMBOL I PARAMETER MIN TYP MAX UNITS 

Transmit 

trxNPW Transmit Turn-On Pulse Width 20 ns 

trxFPw Transmit Turn-Off Pulse Width from Data to Idle 400 2100 ns 

trxlP Transmit Loopback Startup Delay 500 ns 

trxODY Transmitter Turn-On Delay 100 ns 

tTXIDF Transmit Idle Frequency 0.85 1.25 MHz 

trxDC Transmit Idle Duty Cycle 45 55 % 

trxSDY Transmit Steady State Propagation Delay 15 50 ns 

trx) Transmitter Jitter into 310 Load ±1.5 ns 

Receive 

tRXSFT Receive Squelch Frequency Threshold 2.51 4.5 MHz 

tRXODY Receive Turn-On Delay 250 ns 

tRXFX Last Bit Received to Slow Decay Output 230 300 ns 

tRXSDY Receive Steady State Propagation Delay 15 50 ns 

tRX) Receiver Jitter ±1.5 ns 

tAR Differential Output Rise Time 20% to 80% (Rx±, COL±) 4 ns 

tAF Differential Output Fall Time 20% to 80% (Rx±, COL±) 4 ns 

Collision 

tCPSQE Collision Present to SQE Assert 0 350 ns 

tSQEXR Time for SQE to Deactivate After Collision 0 700 ns 

tclF Collision Frequency 8.5 11.5 MHz 

tClPDC Collision Pulse Duty Cycle 40 50 60 % 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 p.s 

tSQETD SQE Test Duration 0.5 1.0 1.5 p.s 

Jabber and LED Timing 

t)AD Jabber Activation Delay 20 70 150 ms 

t)RT Jabber Reset Unjab Time 250 450 750 ms 

t)SQE Delay from Outputs Disabled to Collision Oscillator On 100 ns 

tlED RCV, CLSN, XMIT On Time 8 16 32 ms 

tllPH Low Light Present to LMON High 3 5 10 p.s 

tllCl Low Light Clear to LMON Low 250 750 ms 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty Cycle pulse testing is performed at TA• 

Note 4: This does not include the current from the AUI pull down resistors, or LED status outputs. 
Note 5: LED drivers can sink up to 20rnA, but VOl will be higher. 
Note 6: Does not include prebias current for fiber optic LED which would typically be 3mA. 
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SYSTEM DESCRIPTION 
Figure 1 shows a schematic diagram of the ML4662 in 
an internal or external 10Base-FL MAU, On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used in an external transceiver or can be AC or 
DC coupled when used in an internal transceiver. The 
AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 

The fiber optic side of the transceiver requires an 
external fiber optic transmitter, fiber optic receiver, and 
the ML4622 or ML4624 fiber optic quantizers. The 
transmitter uses a Current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4622/ML4624 fiber 
optic quantizer. 

AU INTERFACE 

The AUI interface consist of 3 pair of signals, DO, CI 
and DI as shown in figure 1. The DO pair contains 
transmit data from the DTE which is receiveq by the 
transceiver and sent out onto the fiber optic cable. The 
DI pair contains valid data that has been either 
received from the fiber optic cable or looped back 
from the DO and output through the DI pair to the 
DTE. The CI pair indicates whether a collision has 
occurred. It is an output that oscillates at 10MHz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. 
When the transceiver is external, 'these three pair are 
AC coupled through isolation transformers, while an 
internal transceiver may be AC or DC coupled. For the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltageY for ,the proper 
common mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial interface provides this common 
mode voltage and the BIAS pin is not connected. 

The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode bias voltage as discussed 
above, and they provide the proper matching 
termination for the AUI cable. The CI and DI pair, 
which are output from the transceiver to the AUI cable 
require 3600 pull down resistors when terminated with' 
a 780 load. However on a DTE card, CI and' DI do not 
need 780 terminating resistors. This also means that the 
pull down resistors on CI and DI can be 11<0 or 
greater depending upon the. particular manchester 
encoder/decoder chip used. Using higher value pull 
down resisto.rs as in a DTE card will save power. 

The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 4ns. In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 

ML4662 

TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in no current, hence the 
fiber optic LED is in a low light condition. When Tx+ is 
more negative than Tx-, the ML4662 will sink current 
into the chip and the LED will light up. 

Before data will be transmitted onto the fiber optic 
cable from the AUI interlace, it must exceed the 
squelch requirements for the DO pair. The Tx squelch 
circuit serves the function of preventing any noise from 
being transmitted onto the fiber. This circuit rejects 
signals with pulse widths less than typically 20ns 
(negative going); or with levels less than -250mY. Once 
Tx squelch circuit has unsquelched, it looks for the . 
start of idle signal to turn on the squelch circuit again. 
The transmitter turns on the squelch again when it 
receives an input signal at TxIN± that is more positive 
than -250mV for more than approximately 180ns. 

At the start of a packet transmission, no more than 1 
bit. is received from the DO circuit and not transmitted 
onto the fiber optic cable. The difference between 
start-up delays (bit 1'05s plus steady-state propagation ' 
delay) for any two packets that are separated by 9.f¥,ts 
or less will not exceed 200ns. 

FIBER OPTIC LED DRIVER 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking 
current through the LED into the TxOUT pin. Once the 
current requirement for the LED is determined, the 
RTSET resistor is selected. The following equation is 
used to select the correct RTSET resistor: ' 

RTSET = ( 55mA) 1620 
, lOUT 

The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. After detecting 
the start of idle the transmitter switches to a 1MHz 
output idle signal. 

The output current is switched through the TxOUT pin 
during the on cycle and the VeeTx pin during the off 
cycle as shown in figure 2. Since the sum of the current 
in these two pins is constant, VeeTx should be 
connected as close as possible to the Vee connection 
for the LED. 

Veer,' TXOUT 

Figure 2. Fiber Optic LED Driver Structure. 
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Vee 

510 51~1O RTSET· 560a 
r--'VVv-4---'V'\I\n' lOUT' lS.9mA 

VeeT. TxOUT 

Figure 3. Converting Optical LED Driver Output to 
Differential ECL. 

If not driving an optical LED directly, a differential 
output can be generated by tying resistors from VeeTx 
and TxOUT to Vee. as shown in figure 3. The minimum 
voltage on these !Wopins should not be less than 
Vee - 2V. 

RECEPTION 

The input to the transceiver comes from the ECl 
outputs of the Ml:4622 or ML4624. At this point it is a 
clean digital EeL signal. At the .start of packet reception 
no more than 2.5 bits. are received from the fil;>¢i'cable 
and not tr.ansmittedonto the 01 circuit. The receiVe 
squelch will reject frequencies ,lower tha.n 2.51 MHZ and 
any receive input ifthe LMONIN pin is high. 

While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. Start of idle occurs when the input signal 
remains idle for more than 160ns. When start of idle is 
detected,the receive squi:!lch circuit returns to the 
squelch state and the start of. idle signal is output on 
the 01 cirellit (Rx+,Rx-:-).·' .. 

COLLISION 

Whenever the receiver and the transmi.tter are active at 
the same time the chip will activate the collision 
output,except whenJoopback is disabled (LBDIS '" Ved. 
The collision output. is a differential square wave 
matching the AUI specifications and capable of driving 
a 780 load. The frequency of the square wave. is 
10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillator also is activated during SQE Test and 
Jabber. . . 

LOOPBACK 

The loopback function emulates a10Base-Ttransceiver 
whereby the transmit data sent by the DTE is looped 
back over the AUI receive pair.So~e LAN controllers 
use this loopback information to determine whether a 
MAU is connected by monitoring the carrier sense 
while transmitting. The software can use this loopback 
information to determine whether a MAU is connected 
to the DTE by checking the status of carrier sense after 
each packet transmission. 

When data is received by the ~hip whiletfansmitting, a 
collision condition· exits. This will·cause the collision 
oscillator to turn. on and the data on the 01 pair will' . 
follow RxIN±. After.oil collision is detected, the collision 
oscillator will remain on until.either DO or RxIN go 
idle. 

Loopback can be disabled by strapping LBDIS to 
Vee. In this inode the chip operates as a full 
duplex transmitter and reteiver, and collision detection 
is disabled. A loop back through the transceiver can. be 
accomplished by tying the fiber transmitter to the 
receiver. 

SQE TEST FUNCTiON (SIGNAL QUALITY ERROR) . 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, 'during the inte't packet gap time, the 
collision oscillator will be activated for typically 1ps. The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber qn state. . 

For SQE to operate, the SQEN pin must be tied to Vee
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a' repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babblingtransm.itter 
from bringing down the network. Within the 
transceiver is a Jabber timer that st<lrts 'at the beginning 
of each transmission and resets at the. end of each 
transmission. If the transmission last longer than Wms 
the jabber logic disables the transmitter, and turns.on 
the collision signal COL+, COL-. When Tx+ and Tx~ '. 
finally go idle,. a second timer measures 0.5 seconds of 
idle time before the transmitter is enabled and collision 
is turned off. Even though the transmitter is disabled 
during jabper, the 1MHz idle.signal is still transmitted. 

LED DRIVERS ., 
The ML4662 has five LED drivers. The lED driver pins 
are active low,,· and the LEOs are normally off. The LEOs 
are tied to their respective pins through a 5000 resistor 
to 5 Volts. 

The XMf,. RCV and CLSN pins have pulse stretchers on 
them which enables the LEOs to be visible. When 
transmission or reception occurs, the' LED )(MT, RCV or 
CLSN status 'pins will activate low'for several milli
seconds. If another transmit, receive or collision 
conditions occurs before the timer expires, the LED 
timer will reset and restart the timing. Therefore ~id 
events will leave the LEOs continuously on. The JAB' 
and LMON LEDs do not have pulse stretchers on them' 
since their conditions occur long enough for the eye to 
see. 
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LOW LIGHT CONDITION 

The LMON LED output is used to indicate a low light 
condition. LMON is activated low when both LMONIN 
is low and there are transitions on RxIN:;t less than 3J.1S 
apart. If either one of these conditions do not exist, 
lMON will go high. 

DIFFERENCES BETWEEN 10BASE-Fl AND FOIRL 

10Base-Fl is an improved version of the original FOIRL 
standard. The 10Base-Fl standard allows backward 
compatibility of a 10Base-Fl transceiver with a FOIRL 
transceiver. The main improvements incorporated into 
10Base-Fl are that it can attach to a DTE by adding the 
SQE test, and the distance has been increased from 
1 Km to 2Km. The other differences are much more 
subtle. 

1. SQE Test: The FOIRL standard did not include the 
option of attaching a fiber transceiver to a DTE. Adding 
the SQE test to 10Base-Fl enables a 10Base-Fl 
transceiver to attach to a DTE. Micro Linear's ML4661 
FOIRl transceiver has a SQE test, but this is beyond 
the scope of the FOIRl standard. 

2. 0 to at Least 2Km Distance: The FOIRL standard 
specifies a lKm distance while 10Base-Fl specifies 2Km. 
The additional lKm distance for 10Base-FL comes from 
an increased flux budget for the cable of 3.5dB. This 
3.5dB increase came from an increase of 2.5dB 
sensitivity for the receiver and a ldB improvement for 
the transmitter. The following table illustrates the 
transmit and receive power requirements for the two 
standards. Note: FOIRL specifies optical power in peak 
and 10Base-FL specifies it in average. Subtracting 3dB 
from peak will give the average. In the table below the 
FOIRl specifications were converted from peak to 
average power. 

T ransmitl Receive 

I I I Average Power MIN MAX Conditions 

FOIRL 

Transmitter I -12dBm I -21dBm I 
Receiver 1 -12dBm 1 -30dBm I BER < 10-'0 

108ase-FL 

Transmitter I -12dBm 1 -2OdBm 1 

Receiver ,I -12dBm '1-32.5dBm I'BER < 10-9 

Ml4662 

3. MAU State Diagrams are Different The state diagrams 
for 10Base-FL are similar to 10Base-T, while the state 
diagrams for' FOIRL are slightly different. The 
differences are in the AUI loopback, and in the link 
integrity function.' " 

AUI Loopback -In 10Base-FL, the DO to DI 
loopback is always disabled during a collision, and 
optical receive data is passed through to DI. For 
FOIRL there are some cases where loopback 
continues (i.e. DO looped to DI) during a collision, 
and others where loopback is disabled during a 
collision. 10Base-FL is identical to 10Base-T in this 
case. Please refer to the IEEE standards for greater 
d~tail. 

Link Integrity - 10Base-FL adds an additional state to 
the Link Integrity Test function that will not allow an 

. exit from the low Light State until both the 
transmitter and receiver. are idle. In FOIRL it is 
possible to exit from the Low Light State while still 
receiving data. 

MAU Timing Differences - The timing differences 
betWeen 10Base-Fl and FOIRL relate to propagation 
delays, start-up delays, and collision deassert delays. 
The following table provides the details of these 
parameters. 

TIming Parameter 
Differences 

ORD.Jnput to input on DI 

Steady State Prop Delay 

Start-up Delay 

output on DO to OTD-.OOtput 

. Steady State Prop Delay 

Start-up Delay 

Collision Deassert to 
SQE Deassert minimum 

OTO - Optical Transmit Data 
ORO - Optical Receive Data 
01, DO, CI - AUI Interface Signals, 

FOIRL 108ase-FL 
(bit times) (bit times) 

0.5 2 

3.5 5 

0.5 2 

3.5 5 

4.5 0 
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TIMING DIAGRAMS, 

Tx'-

'T~ur 

-->-, " 

Figure 4. Transmit and LoopbaCkT.ming 

~ '. 

IIxIN+ 

IIxIN-

Rx-

FigureS." Receive Timing 

TxOUT==X X VALID X Il'JA , X X X 

... F::6 X X X RxIN+ 
Il'JA 

RxIN-

COL+ X X X cso 
COL-

Rx+ 

~ Tx X Tx Rx X Rx, X Rx-

RxIN+~ 
RxIN- --A __ ---' X VALID X Il'JA X X X x== 

~b 
X X X x:= DATA 

X X x:= cso X CDL+ ------
COL-

Figure 6. Collision Timing 
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TIMING DIAGRAMS (Continued) 

RxIN+ ~>-________________________ _ 

RXIN----'1 

hOUT =:x VALID X DATA X'--_---'X'-__ ..Jy \-------
!--tSQEXR-! 

::~~=x CSO 0--------------------

RX+~ 
Rx-~ Rx 

X Tx X Tx X"--~TX ).....-----

Figure 7. Collision Timing 

TxOLIT .===>~-----------------------

RxIN+ I 
===X~~-lID-'X D~ X~ __ ~X~ __ ~)~--------

RxIN- \.---tSQEXR~ 

::~~=x CSO d------------------ I 

:~ ====Rx=IN====X RxIN X RxIN X R.IN X R.IN )~------

Figure 8. Collision Timing 

T.OllT-Q 
VALID DATA t e· tsQETD~1 

tSQEDY 
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COl- • • 

Figure 'l SQE Timing 

'Micro. Linear 4-101 



ML4662 

: ~ .11;V.oN.ID," X [MfA ~ 
T.our ___ C-__ -.lI-~-~-D-.. ,ILI _' __ :1_--_-_-__ --'_Ij_KT_, .;,.' _'_:_,_-11 ___ _ 

COL+ __ -:......-___ ·I_~ _~SQ_E ~CS-O ---J1---
COL-

Figure 10. Jabber Timing 

T~UT ___ ~~----------------------------~------
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~T----~-'~I __________ ~I ----~--------
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-------------t' 
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Figure 11. LED Timing. 
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ORDERING INFORMATION 

PART NUMBER PIN COUNT PACKAGE 

Ml4662CQ 28 Pins Molded PCC (Q28) 

I 
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GENERAL DESCRIPTION 

The ML4662EVAL is an external MAU designed to 
evaluate the ML4661/ML4662 FOIRL/10BASE-FL 
transceiver and the ML4622 fiber optic quantizer. The 
board interfaces to the AUI port through the transformer 
and to the fiber optic cable through the H P fiber optic 
transmitter and receiver. 

The ML4662EVAL package includes the following items to 
help the customer speed up their design, layout and 
debug process. 

FEATURES 

• jumper switches to enable or disable Loop Back. 

• jumper switches to enable or disable SQE and jabber 
functions. 

• Capable of adjusting the receive sensitivity. 

• 6 status LEDs. 

• Current consumption: 260-290mA Typically 

BLOCK DIAGRAM 

AUI 

.. 
4-104 

00 

1--""0,,,,1_"1 PULSE 1------; 
1----"1641031-------1 

CI 

+5V 

July] 992 

'ML4662EVAl 
10BASE-Fl Evaluation Kit 

KIT COMPONENTS 

The ML4661 EVAL kit includes the following items to help 
the customer speed up their design, layout and debug 
process. 

1) BLANK PCB: 4 layerboard with separate power and 
ground plane (inner layers). 

2) COMPONENT K11: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts list of the 
ML4662EVAL. 

• HFBR1414: HP fiber Optic LED transmitter. 

• HFBR2416: HP fiber optic pin diode receiver. 

• One 28 pind sockets for the ML4661. 

• ML4662CQ: 1 OBASE-FL transceiver. 

• ML4622CP: Fiber Optic quantizer. 

• PE64103: PULSE AUI coupling transformer. 

• AUI CONNECTOR: 15 pins D SUB connector. 

3) DOCUMENTATION: Includes the following items: 

• Demo board description. 

• Block Diagram of the DEMO board. 

• Schematic of the demo board. 

• Layout of the demo board. 

• Parts list of the ML4662EVAL. 

GNO 

+5V 

ML4662/ 
ML4661 

HFBR 
1414 
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PRELIMINARY 

ML4663 

Single Chip 10BASE-FL Transceiver 

GENERAL DESCRIPTION 

The ML4663 Single Chip 1 OBASE-FL Transceiver 
integrates both a ML4662 1 OBASE-FL Transc'eiver with a 
ML4622 Fiber Optic Data Quantizer to implement a 
highly integrated solution for 1 OBASE-FL transceivers. 
ML4663 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI connector. 

The ML4663 provides a highly integrated solution that 
requires a minimal number of external components, and is 
compliant to the IEEE 802.3 1 OBASE-FL standard. The 
transmitter offers a current drive output that directly drives 
a fiber optic LED transmitter. The receiver offers a highly 
stable fiber optic data quantizer capable of accepting 
input signals as low as 2mVp_p with a 55dB dynamic 
range. 

The transmitter automatically inserts 1 MHz signal during 
idle time and removes this signal on reception. Low Light 
is continuously monitored for both activity as well as 
power level. Five LED status indicators monitor error 
conditions as well as transmissions, receptions and 
collisions. 

BLOCK DIAGRAM 

Tx+ 

Tx-

COL+ 

COL-

Rx+ 

Rx-

SQEN/JABD 

FEATURES 

• Single chip solution for 10BASE-FL internal or external 
Medium Attachment Units (MAUs) 

• Incorporates an AU interface 

• Highly stable data quantizer with 55dB input 
dynamic range 

• Input sensitivity as low as 2mVp_p 

• current driven fiber optic LED driver for accurate 
launch power 

• Single +5 volt supply 

• No crystal or clock required 

• Five network status LED outputs 

• Available in 28 pin pee package 

• Semi-Standard option available 

+5V 

~-------------+-TxOUT 

XMT 

iiCV 
CLSN 

JAB 
LMON 

1-----+---+--1- V1N+ 
I-~-------t- V IN-

VREF 

~====-~~ VTHADI 
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PIN CONNECTION .... , 
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ML4663 

PIN DESCRIPTION 

PIN NAME FUNCTION PIN NAME FUNCTION 

CLSN Indicates that a collision is taking' 15 XMT Indicates that transmission is taking 
place. Active low LED driver, open place. Active low LED driver, open 
collector. Event is extended with c-ollector. Event is extended with 
internal timer for visibility. internal timer for visibility. 

2 COL+ Gated 1 OMHz oscillation used to 16 RCV Indicates that the transceiver is 
3 COL- indicate a collision, SQE test, or receiving a frame from the optical 

jabber. Balanced differential line input. Active low LED driver, open 
driver outputs that meet AUI collector. Event is extended with , 
specifications. internal timer for visibility. 

4 CTIMER A capacitor from this pin to Vee 17 VeeTx +5 volt supplyforfiber optic LED 
determines the Link Monitor driver'. 
response time. 

18 TxOUT Fiber optic LED driver output. 
5 SQEN/JABD SQE Test Enable, Jabber Disable. 

19 GND Ground Reference. When tied low, SQE test is disabled, 
when tied high SQE test is enabled. 20 GND Ground Reference. 
When tied to 2.0V both SQE test and 

2; VDe An external capacitor on this pin Jabber are disabled. 
integrates an error signal which 

6 Rx+ Manchester encoded receive data nulls the offset of the input 
7 Rx- output to the local d,evice. Balanced amplifier: If the DC feedback loop is 

differential line driver outputs that not being used, this pin should be 
meet AUI specifications. connected to VREF. 

8 LBDIS Loopback Disable. When this pin is 22 VREF A 2.5V reference with respect to 
tied to Vee, the AUI transmit pair GND. I data is not looped back to the AUI 

23 VTHADJ This input pin sets the link monitor receive pair, and collision is disabled. 
When this pin is tied to GND threshold. 

(normal operation) or left floating, the 24 AGND Analog Filtered Ground. 
AUI transmit pair data is looped back 

25 VIN- This input pin should be to the AUI receiver pair, except 
during collision. capacitively coupled to the input 

source or to filtered AVec. (The 
9 Vee +5 volt power input. input resistance is approximately 

10 Tx+ Balanced differential line receiver l.3kn.) 

11 Tx- inputs that meet AUI specifications. 26 VIN+ This input pin should be 
These inputs may be transformer or capacitively coupled to the input 
capacitively coupled. The Tx input source or to filtered AVec. (The, 
pins are internally DC biased for AC input resistance is approximately 
coupling. l.3kn.) 

12 RTSET Sets the current driven output of the 27 AVec Analog Filtered +5 volts. 
transmitter. 

JAB 28 Jabber network status LED. When in 
13 RRSET A 1 % 61.9kn resistor tied from this the Jabber state, this pin will be low 

pin to Vee sets the biasing currents and the transmitter will be disabled. 
for internal nodes. ,In the Jabber "OK" state this pin will 

14 LMON Link Monitor "Low Light" LED status be high. Active low LED, open 

output. This pin is pulled low when collector. 

the voltage on the V1N+, V1N- inputs 
exceed the minimum threshold set by 
the VTHADJ pin, and there are 
transitions on VIN+, VIN- indicating 
an idle signal or active data. If either 
the voltage on the V1N+, V1N- inputs 
fall below the minimum threshold or 
transitions cease on V1N+, V1N-, 
LMON will go high. Active low LED 
driver, open collector. 

~Micro Linear 4-107 
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ML4663 

ABSOLUTE MAXIMUM RATINGS 
(Not~ .1) 

OPERATING CONDITIONS 

Power Supply Voltage Range Supply Voltage (Ved .................................. : ........ 5V ± 50/0 
.Vee .............................................. ; .....•............•............. -0.3 to 6V LED on Current:. ....................................................... 1 OmA 

I nput Voltage Range RRS~T •............. : ............................................ 61.9kQ± 1% 
Digital Inputs (SQEN, LBDIS) ... , ••................. -0.3 to Vee 
Tx+, Tx~, VIN+, V1N- ............• ,., ...........•....... -0.3 to Vee 

Input Current 

RTSET.: .................................. , .......................... 162Q ± 1 % 

RRSET, RTSET, JAB,CLSN, XMT, RCV, LMON ....... 60mA 
Output Current . 

TxDUT ................................. ;: .............................. 70mA 
Storage Temperature Range ................... ;.-65°C to + 150°C 
LeadTemperature (soldering 10 sec) ............ , ........... 260°C 

ELECTRICAl.· CHARACTERISTICS 
Unless. otherwise specified, TA =.O°C to 70°C,Vee = Vee Tx = 5V ± 5% (Note 2 and 3) 

PARAMETER CONDITIONS MIN' 

Power Supply Current Icc: 
While Transmitting Vee = 5V, RTSET = 1620 (Note 4) 

LED Drivers: Vee 10l = 1 OmA (Note 5) 

Transmit Peak Output Current (Note 6) RTSET= 1620 47 

Transmit Squel.ch Voltage level (Tx+;Tx-) ~300 

Differential Output Voltage (Rx±, COlt) ±550 

Common Mode 
Output Voltage (Rx±, COLt) 

Differential Ouiput 
Voltage Imbalance. (Rx±, COlt) 

SQE!JABD SQE Test Disable 
Both Disabled 1.5 
Both Enabled Vee- 0.5 

LBDIS Thre~hold Disabled Vee- O.l 
Enabled 

Common Mode VoJtage (Tx+,' Tx-) 

Common Mode Voltage (VIN+, V1N-) 

Reference Voltage 2.35 

VREF Output Source Current 

Amplifier Gain 
.'. 

Input Signal F.ange 2 

Extert:lalVoltage at VTHADrto Set VTH '0:5 

Input. Offset VDe = VREf (DC loop active) 

Input Referred Noise 50MHz BW 

Input ReSistance VIN+, VIN- 0.8 

Input Bias Current of VTHADJ -200 

Input Threshold Voltage VTHADJ =VREF (Note 7) '. 5 

rtysteresis 

4-108 'Micl'O ·Linear 

TYP MAX UNITS 

220 mA 

0.8 V 

52 57 mA 

: -250 -200 mV 

±1200 mV 

4.0 V 

±40 mV 

0.3 V 
Vee- 2 V 

V 

V 
1 V 

3.5 V 

1.65 V 

2.45 2.55 V 

5 mA 

100 VN 

1600- mVp_p 

2.7 V 

3 '.' mV 

25. flV 

1.3 2.0 kO 

10 +200 IlA 
6 7 mVp_p 

20 % 



ML4663 

AC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER MIN TYP MAX UNITS 

Transmit 

tTXNPW Transmit Turn-On Pulse Width 20 ns 

tTXFPW Transmit Turn-Off Pulse Width from Data to Idle 400 2100 ns 

tTXlP Transmit loopback Start-up Delay 500 ns 

tTXODY Transmit Turn-On Delay 100 ns 

tTXIDF Transmit Idle Frequency 0.85 1.25 MHz 

tTXDC Transmit Idle duty Cycle 45 55 % 

tTXSDY Transmit Steady State Propagation Delay 15 50 ns 

tTXJ Transmit jitter into 310 load ±1.5 ns 

Receive 

tRXSFT Receive Squelch Frequency Threshold 2.51 4.5 MHz 

tRXODY Receive Turn-On Delay 270 ns 

tRXFX last Bit Received to Slow Decay Output 230 300 ns 

tRXSDY Receive Steady State Propagation Delay 15 50 ns 

tRXJ Receive jitter ±1.5 ns 

tAR Differential Output Rise Time 20% to 80% (Rx±, COlt) 4 ns 

tAF Differential Output Fall Time 20% to 80% (Rx±, COlt) 4 ns 

Collision 

tcPSQE Collision Present to SQE Assert 0 350 ns 

tSQEXR Time for SQE to Deactivate After Collision 0 700 ---ns 

tClF Collision Frequency 8.5 11.5 MHz 

tclPDC - Collision Pulse Duty Cycle 40 50 60 % 

tSQEDY SQE Test Delay (Tx Inactive to SQE) 0.6 1.6 .' Ils 

tSQETD SQE Test Duration 0.5 1.0 1.5 Ils 

Jabber and LED Timing 

tJAD jabber Activation Delay 20 70 150 ms 

tJRT jabber Reset Unjab Time 250 450 750 ms 

tJSQE Delay from Outputs Disabled to Collision Oscillator On 100 ns 

tlED RCV, ClSN, XMT On Time 8 16 32 ms 

tllPH low light Present to lMON High 3 5 10 Ils 

tllCl low light Present to lMON low 250 750 ms 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise spedfied are measured with 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty Cycle pulse testing is performed at TA_ 
Note 4: This dose not include the current from the AUI pull-down resistors, or LED status outputs. 

Note 5: LED drivers can sink up to 20mA, but VOL will be higher. 
Note 6: Does not include pre-bias current for fiber optic LED which would typically be 3mA~ 
Note 7: Threshold for switching from Link Fail to Link Pass (Low Light). 
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SYSTEM DESCRIPTION 

Figure 1 shows a schematic diagram of the ML4663 in an 
internal or external 1 OBASE-FL MAU. On one side of the 
transceiver is the AU interface and the other isthe fiber 
optic interface. The AU interface is AC coupled when 
used in an external transceiver or an internal transceiver. 
The AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 

The fiber optic side of the transceiver requires an external 
fiber optic transmitter and fiber optic receiver. The 
transmitter uses a current driven outputthat directly drives 
the fiber optic transmitter. The receive side of the 
transceiver accepts the data after passing through a fiber 
optic receiver, which consists of a module containing a 
pin diode and a transimpedanceamplifier. 

AU INTERFACE 

The AU interface consist of 3 pair of signals, DO, CI and 
DI as shown in figure ,.. The DO pair contains transmit 
data fromt~e DTE which is received by the transceiver 
and sent out onto the fiber optic cable. The DI pair 
contains valid data that has been either received from the 
fiber optic cable or looped back from the DO and output 
through the DI pair to the DTE. The CI pair indicates 
whether a collision has occurred. It is an output that 
oscillates at 10MHz if a collision, Jabber or SQE Test has 
taken place, otherwise it remains idle. 

When the transceiver is external, these three pairs are AC 
coupled through isolation transformers, while an internal 
transceiver may be capacitively coupled. Tx+, Tx- is 
internally DC biased (shifted up in voltage) for the proper 
common mode input voltage. 

The two 390 1 % resistors (or one 78.0 1 % resistor) tied to 
the Tx+ and Tx- pins will provide the proper termination. 
The CI and DI pair, which are output from the transceiver 
to the AUI cable, require 3600 pull down resistors when 
terminated with a 780 load. However on a DTEcard, CI 
and DI do not need 781;1 terminating resistors. This also 
means that the pull down resistors on CI and DI can be 
1 kO or greater depending upon the particular Manchester 
encoder/decoder chip used. Using higher value pull down 
resistors as in a DTE card will save power. Refer to 
Application Note 13 for a more detailed explanation of 
the AUI pull-down resistors. ' 

The AUI drivers are capable of driving the full 50 meters 
of cable length and have a rise and fall time of typically 
4ns. In the idle state, the outputs go to the same voltage to 
prevent DC standing current in the isolation transformers. 

TRANsMISSION 

The transmit function consists of detecting the presence of 
data from the AUI DO input(Tx+, Tx-) and driving that 
data onto the fiber optic LED transmitter. A positive signal 
on theTx+ lead relative to the Tx-Iead of the DO circuit 
will result in no current,. hence the fiber optic LED is in a 
low light condition. When Tx+ is more negative than Tx-, 
the ML4663 will sink current into the chip and the fiber 
optic LED will light up. ' 

ML4663 

Before data will be transmitted onto the fiber optic cable 
from the AUI interface,.it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the fiber. This circuit rejects signals with 
pulse widths less than typically 20ns (negative going), or 
with levels less than -250mV. Once Tx squelch circuit has 
unsquelched, it looks for the start of idle signal to turn on 
the squelch circuit again. The transmitter turns on the 
squelch again when it receives an input signal at Tx+,Tx
that is more positive than -250mVfor more than 
approximately l80ns. 

At the start of a packet transmission, no more than 2 bits 
are received from the DO circuit and not transmitted onto 
the fiber optic cable. The difference between 'start-up 
delays (bit toss plus steady-state propagation delay) for 
any two packets that are separated by 9.6!JS or less will 
not exceed 200ns. 

FIBER OPTIC LED DR,IVER 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking current 
through the LED into the TxOUT pin. Once the current 
requirement for the LED is determined, the RTSET resistor 
is selected. The following equation is used to select the 
correct RTSET resistor: 

RTSEr= (S2mA)162.o I 
, lOUT 

The transmitter enters the idle state when it detects start of 
idle on Tx+ and Tx- input pins. After detecting the start of 
idle the transmitter switches to a 1 MHz output idle signal. 

The output current is switched through the TxOUT pin 
during the on cycle and the VeeTx pin during the off cycle 
as shown in figure 2. Since the sum of the current in these 
two pins is constant, Vee Tx should be connected as close 
as possible to the Vee connection for the LED. 

If not driving an optical LED directly, a differential output 
can be generated by tying resistors from Vee Tx and 
TxOUT to Vee as shown in figure 3. The minimum 
voltage on these two pins should not be less than 
Vee- 2V. 

Figure 2. Fiber Optic LED Driver Structure. 
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, 'RTSET ~ 5600' 

5JO . lOUT :e 15.9mA .i' 

, 'VCC!X'" ... -

Figu~e 3.C'anyerting Optical LED Drive~bu~put to 
Differential ECL 

RECEPTION 

The input to the"tri;lnscei,ver conies from a fiber, optic 
receiver as shQwnifl figure .1. At the start ofpac,ket 
reception no more than 2.7 bits are received Jrom the " 
fiber cable and not transmitted onto the 01 Circuit. The , 
receive squelch wiil reject frequencies lower tban . . 
2.S1MHz. . . 

While in the unsquelchstate, the receive squefch drcuit 
looks for.the start, of idle signal.att~e end of the packet. 
Start ofidle occurs when the input signal remains.,idle for 
more than 16<;lns.When ~tart of idle is detected,.the . 
receive squelch circuit returns to the squelch state and the 
start of idle signal is output on theDI circuit (Rxt;. Rx-). 

COLLISION 

Whenever the receiver and the tra.nsmitter are active at 
the same time the chip will activate the collision output, 
except when loopback is disabled (LBOIS = Vee!. The 
colUsion output isa differential square wave matching the 
AUI specifications and, capable of driving a 78n load; The 
frequency 'of the square wave'.is 1 OMHz ±lS% with a 60/ 
40 to 40/60 duty cycle. The collision oscillator also is 
activated during SQE lest and Jabber. 

LOOPBACK 

The loopback function emulates a 1 OBASE-T tra.nsceiver 
whereby the transmit data sent by the OTE is looped back 
over the AUI receive pair. Some LAN cOntrollers use this 
loopbackinformaticin to determine whether a.'MAU is .. 
connected by monitoring the carrier sense while 
transmitting. The software can use this loopback 
information to determine whether a MAU is connected to 
the OTE by checking the. status of carrier sense after each 
packet transmission: 

When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on 'and the data on the 01 pair wiH 
follow VIN+, VIt,~~. After a colfision is deteCted, the 
collision oscillator will remain on until either DO or 
VIN+, V1N- go idle. ' 

Loopback can .be. disabled by strapping LBDIS to Vee. 
In this mode the chip operates as a full duplex transmitter 
and receiver, and collision detection is disabled. A 
loopback through the transC,eiver can be accomplished by 
tying the fiber transmitter to the receiver. 
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SQE TEST FUNCTION (SIGNA~ QUAUTY ERROR) •. 

The SQE test function allows the DTE to determine 
whether the collision deteCt.circuitry IS functional. After 
each t~i;lnsn1issio~, during the inter packet gap time, the 
collision oscillatorwill be activated for typically 1 jls; The 
SQE test will not be activated if the chip is in the low light 
state, or the jabber on state. ',. 

For SQE to operate, the SQEN pin must be tied to Vee. 
This allows theMAU to be interfaced to a DTE. The. SQE 
test can be disabled by tyingthe,SQEN pin to ground, for 
a repeater interface. ' " 

JABBER FUNCTION REQUIREMENTS 

The Jabber fu!,)ction prevents a. babbling transmitterfrom 
bringing down the netWork. Within the transceiver is a 
Jabber timer that starts atthe beginning of each .' 
transmission and resets at the end of each transmission. If 
the transmission last longer than 20ms the jabber logic 
disables the. transmitter; and turns on the collision signal 
COL+, COL-.When Tx+ and Tx-finallygo idle, a: second 
timenneasuresO.S seconds of idle time before the' 
transmitter is enabled and collision is turned off. Even 
though the transmitter, is disabled during jabber, the 1 MHz 
idle signal is stil,Ltransmitted. 

LED DRIVERS 

The ML4663 has five LEDdriv~rs. The LEO driver pin~ are 
active low, and the LEOs are normally off (except for 
LMON). The LEOs are tied to their respective pins through 
a soon resistor loS Volts. 

The XMT, RCV,and CTS'N pins have pul~e stretchers on 
them which enables the LEOs to be visible.,When 
transmission or reception occurs, the LED XMT; RCv. or 
CLS-N status pins will activate low for several 
millisetonds. If another transmit, receive or collision 
cOnditions oCcurs before the timer expires, the LED timer 
will reset and restart theliming. Therefore rapid events ., 
willieave the LEOs continuously'on. The JAB and LMON 
LEOs do not have pulse stretchers on them since their 
conditions occur long enough ~or the eye to see. 

LOW LIGHT CONDITION 

TheLMON LED: output is used to indicate a Jaw light 
condition. LMON is activated low when both the receive 
power e'xceeds the link Monitor threshold and there are 
transitions on V1N+, V1N- less tha.!l.1~apart. If either one 
of these conditions do not exist, LMON will go high. 

INPUT AMPLlJ;IER 

The VIN+,VIN- input signal is fed into a 'limiting amplifier 
with a gain of about 100 and input resistance of 1.3kn. 
Maximum sensitivity is achieved through the use of a DC 
restoration feedback loop and AC coupling the input. 
When AC coupled, the input DC bias voltage is set by an 
oncchip network at about 1.7V. These couplingcapacitors, 
in .conjunctionwith the input impedance of the amplifier, , 
establish a high pass filter with 3dB corner frequency, fL' 
at 

t= 1 
21t1300C 



Since the amplifier has a differential input, twa capacitors 
af equal value are required. If the signal driving the input 
is single ended, ane af the caupling capacitars can be tied 
to. AVec as shawn in figure 1. 

The internal amplifier has a lawpass filter built-in to. band 
limit the input signal which in turn will improve the signal 
to. naise ratio. 

Althaugh the input is AC caupled, the affset valtage within 
the amplifier will be present at the amplifier's autput. This 
is represented by Vas in figure 4. Inorder to. reduce this 
errar a DC feedback laap is incarporated. This negative 
feedback laap nulls the affset valtage, farcing Vas to. be 
zero.. Althaugh the capacitor an VDC is nan-critical, the 
pale it creates can effect the stability af the feedback laap. 
To. avaid stability prablems, the value af this capacitor 
shauld be at least 10 times larger than the input caupling 
capacitars. 

Figure 4. 

The camparatar is a high-speed differential zero crassing 
detector that sl ices and accurately digitizes the receive 
signal. The autput af the comparator is fed in parallel into. 
bath the receive squelch circuit and the laapback MUX. 

LINK DETECT CIRCUIT AND LOW LIGHT 

The link detect circuit manitars the input signal and 
determines when the input falls belaw a preset valtage 
level. When the input falls belaw a preset valtage, the 
ML4663 gaes into. the Law Light state. In the Law Light 
state the transmitter is disabled, but cantinues sending the 
1 MHz idle signal, the laapback is disabled, the receiver is 
disabled, and the LMON LED pin gaes to. high shutting aff 
the LMON LED. To. return to. the Link Pass state, the 
aptical receiver pawer must be 20% higher than the shut
aff state. This built-in hysteresis adds stability to. the Link 
Manitor circuit. Once the receiver pawer threshald is 
exceeded, the ML4663 waits 2S0ms to. 7S0ms, then 
checks to. see that Tx+. Tx- is idle and no. data is being 
received befare re-enabling the transmitter, receiver, 
laapback circuit, and lighting up the LMON LED. 

The VTHADJ pin is used to. adjust the sensitivity af the 
receiver. The ML4663 is capable af exceeding the 
1 OBASE-FL specificatians for sensitivity. The sensitivity is 
dependent an the layaut af the PC baard. A gaad law 
naise layaut will exceed the 1 OBASE-FL specificatians; 
while a paor layaut will fail to. meet the sensitivity and 
BER spec. 

Ml4663 
The threshald generator shifts the reference valtage at 
VTHADJ thraugh a circuit which has a temperature 
caefficient matching. that af the limiting amplifier. The 
relatianship between the VTHADJ and the VTH (the peak to. 
peak input threshald) is: 

VTHADJ = 408VTH (2) 

In a 1 OBASE-FL receiver there must be less than 1 x 10-9 

bit errors at a receive pawer level af -32.SdBm average. 
One procedure to. determine the sensitivity af a receiver is 
to. start at the lawest aptical pawer level and gradually 
increase the aptical pawer until the BER is met. In this 
case the Link Detect circuit must nat disable the receiver 
(i.e. VTHADJ shauld be tied to. Ground). Once the . 
sensitivity af the receiver is determined, VTHADJ can be set 
just abave the pawer level that meets the BER 
specificatian. This way the receiver will shut-aff befare the 
BER is exceeded. 

Far 1 OBASE-FL VTHADJ can be tied directly to. VREF. 
Hawever if greater sensitivity is required the circuit in 
figure 5 can :be used to. adjust the VTHADJ valtage. Even' if 
VREF is tied to. VTHAD), it is a gaad idea to. layaut a baard 
with these twa resistors available. This will allaw patential 
future adjustments withaut baard revisians. 

The respanse time af the Link Detect circuit is set by the 
C TIMER pin. Starting fram the link aff state the link can be 
switched an if the input exceeds the set threshald far a 
time given by: 

T = C TIMER X O.7V 
700pA 

(3) 

To. switch the link from an to. aff, the abave time will be 
daubled. A value af O.OSfJFwili meet to. 10BASE-FL 
specificatians. 

Rl 

t--'~"+-,-~---,I--
R2 

Figure 5. 

DIFFERENCES BETWEEN 10BASE-FL AND FOIRL 

10BASE-FL is an impraved version af the ariginal FOIRL 
standard. The 1 OBASE-FL standard allaws backward 
campatibilityaf a 1 OBASE-FL transceiver with a FOIRL 
transceiver. The main improvements incarparated into. 
1 OBASE-FL are that it can attach to. a DTE by adding the 
SQE test, and the distance has been increased from 1 Km 
to. 2Km. The ather differences are much more subtle. 
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1. SQE Te~t:The FOIRL standard did not include the 
option of attaching a fiber transceiver to a OTE. Adding 
the SQUest to 1 OBASE-FL enables a 10BASE-FL 
transceiver to attach to a OTE., Micro Linear's ML4661 
FOIRL transceiver has a SQE test, but this is beyond the 
scope of the FOIRL standard. 

2. 0 to at Least 2Km Distance: The FOIRL standard 
specifies a 1 Km distance while 1 OBASE-FL specifies 2Km. 
The additional 1 Km distance for 1 OBASE-FL comes from 
an increased flux budget forthe cable of 3.SdB: This 
3.Sdff increase came from an increase oO.Sdllsensitivity 
for the receiver and a 1 dB improvement for the 
transmitter.The following table illustrates the transmit and 
receive power requirements for the tWo standards; Note: 
FOIRl specifies optical power in peak and lciBASE~FL 
specifies it in average. Subtracting 3dB from peak will give 
the average. In the table below the FOIRL specifications 
were converted from peak to average power. 

TRANSMIl/RECEIVE 
AVERAGE POWER MIN, MAX CONDITIONS 

FOIRL 

Transmitter -12dBm -21dBm 

Receiver -12dBm -30dBm BER < 10-10 

10BASE-FL 

Transmitter -12dBm -20dBm 

Receiver -12dBm "':32.5dBm BER < 10-9 

3. MAU State Diagrams are Different: The state diagrams 
for 1 OBASE-FL are similar to 1 OBAsE-T, while the state 
diagrams for FOIRLare slightly different. The differences 
are in the AUlloopback, and in the link integrity function. 

TIMING DIAGRAMS 

Tx+ 

Tx-

bOUT 

Rx+ _____ CI 
RX~ 

AUILoopback - In 1 OBASE-FL, the DO to 01 
loopbackis always disabled during a collision, and' 
optical ,receive data is passed through to 01. For 
FOIRL there qre some cases where loopback 
continues (i.e. 00 looped to 01) during a collisi(m, 
and others where loopbatk is disabledduiing a 

, collision. '1 OBASE~FL is identical to 1 OBASE-T in this 
case. Please refer to the IEEE standards fofgreater 
detail. 

Li~k Integrity '- 1 OBASE-FL adds an additional state 
to the Link integrity Test function that vvill not allow 
an exit frbmthe Low Light State until both the 
transmitter and receiver, are idle: In FOIRL itis 
possible to exit from the Low Light State while still 
recei~ing data. ' 

MAU Timing Differences - The timing differences 
between j OBASE-FL and FOIRL relate to propagation 
delays, start-up delays, and collision deassert delays. 
The following table provides the details'of these 
parameters. 

TIMING PARAMETER FOIRL 10BASE-FL 
DIFFERENCES (BIT TIMES) (BIT TIMES) 

ORDJnput to input on 01 

Steady State Prop Delay 0.5 2 

Start-Up Delay 3.5 5 

output on DO to OTD_output 

Steady State Prop Delay 0.5 2 

Start-Up Delay 3.5 5 

Collision Deassert to 
SQE Deassert minimum 4.5 0 

OTO - Optical Transmit Data 
ORO - Optical Rece!ve Data 
DI, DO, CI -,,- AUllnterface Signals, 

Figure 6. Triinsmh and Loopba.ck Timing 
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TIMING DIAGRAMS 

/Ix+ -----<. 
/Ix-

Figure 7. Receive Timing 

TxOUT ::::)( X VAliD X DQ"A X X X 

VIN+ 

f-=6 
X X X DQ"A 

V'N-

COL+ X X X CSO 
COL-

I 
/Ix+ 

~ Tx X Tx Rx X Rx X /Ix-

V'N+~ X VAliD X DQ"A X X X x== V'N-

TxOUT 

~ 
X x== X X DQ"A 

COL+ X x== X X ao 
COL-

Figure 8. Collision Timing 
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TIMING QIAGRAMS 

VIN+~ 

'VIN- ~>'-I------------:--:""'-------

T.oUT~ 
..J\ VALID X ~TA X x'--_ ....... ···'/ \'---

I--ISQExa~ 

::::=x CSO" d-----,-----------------
:~~ Rx X Tx X T, Xr--;TX---')\-~ ------~ 

Figure 9. Collision Timing 

.. ~~~ 

VIN+ -Vr---...... . 
VIN- --" VAliD X DATA, X'--_ ...... X'-___ --')>-----------

='-V :-~~_-,-.-_~~----,-
COL----" ~ 

Rx+ ---" . ."., .. ,---,X' . . X' X RxIN . X'. ~. RxhiiIN~)}..----..:.::'·" 
Rx-"." RxlN . '. RxIN ". RxIN ... • .. . 

Figure 10. Collision ,Timing 

TXOUT --0 
, VAliD DATA 

t_}~---1 
COL+ __________ yl~~,-- cso ~)-__ _ 

COL- • . 

Figure 11. SQE Timing 
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TIMING DIAGRAMS 

Tx+ 

DV~IDX~A~ 

~t~ -, It-.. _11"'_1 
~ ~I _________________ ~ 1 ____ _ 

-1 ~tlSQfI 
COL+ ________ --<~---C-SO----~ 
COL- . 

Tx-

TxOllT 

Figure 12. Jabber Timing 

TxOUT Il\l\J\).. 
----~----------------------------

!14 .. --llED---+l" 
~------~ i-----------------L-I ___ ~I 

VIN+ @ @ ----- ~--- ~-----------VIN- I 
r-!.---ILED---+l~1 

RCV ___ ..., 

L--_____________ ~r__ 

Figure 13. LED Timing 

,'f !' 
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ORDERING INFORMATION 

PART NUMBER PIN COUNT PACKAGE 

ML4663CQ 28 Pins Molded PCC(Q28) 



.~Micro Linear 

GENERAL DESCRIPTION 

The ML4663EVAL is an external MAU designed to 
evaluate the ML4663 10BASE-FL PMD chip. The board 
interfaces to the AUI port through the transformer and to 
the fiber optic cable through the HP fiber optic transmitter 
and receiver. ' 

The ML4663EVAL package includes the following items to 
help the customer speed up their design, layout and 
debug process. 

FEATURES 

• jumper switches to enable or disable Loop Back. 

• jumper switches to enable or disable SQE and jabber 
functions. 

• Capable of adjusting the receive sensitivity. 

• 6 status LEDs. 

• Current consumption 260-280mA typically 

BLOCK DIAGRAM 

AUI 

00 

I---,D~I_-l PULSE 1------1 
/-__ , 65728 /-__ -/ 

CI 

+5V 

july)992 

.•.. 

ML4663EVAL 

10BASE-FL Evaluation Kit 
KIT COMPONENTS 

The ML4661 EVAL kit includes the following items to help 
the customer speed up their design, layout and debug 
process. 

1) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers): 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
pmvided by the. customer based on the parts list of the 
ML4663EVAL. 

• HFBR1414: HPfiber Optic LED transmitter. 

• HFBR2416: HP fiber optic pin diode receiver. 

• One 28 pin sockets for the ML4663. 

• ML4663CQ: J OBASE-FL combo transceiver. and 
quantizer. 

• PE65728: PULSE AUI coupling transformer: 

• AUI CONNECTOR:, 15 pins D SUB connector. 

3) DOCUMENTATION: includes the following items,: 

• Demo board description. 

• Block Diagram of the DEMO board. 

• Schematic of the demo board. 

• Layout of the demo board. 

• Parts list of the ML4663EVAL. 

GND 

+5V 

ML4663 'HFBR 
1414 

GND 

'---'----I HFBR 
'--_____ -1 2416 
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ML6622 

High-Speed Data Quantizer 
GENERAL DESCRIPTIOI~~ FEATURES 

• 150 MHz bandwidth 

• low noise design 

• Adjustable Link Detect function 

.' Low power design: 35mA typical 

The Ml6622 High-Speed Data Quantizer is a low, noise, 
wide-band; BiCMOS monolithic ic:designed specifically 
for signal recovery applications in FDDI and SONET fiber
optic receiver systems. An internal DC restoration 
feedback loop nulls any offset voltage produced in the 
input stage. The limiting amplifiercontributesto a high 
level of sensitivity and a minimum of duty cycle 

• Available in 16-pin DIP and 16-pin Skinny SOIC 

distortion. " ' ' 

The output of the data path isa high-speed comparator 
with ECl outputs. An enable pin gates the comparator on 
or off in respons,e to the input signal level or a system 
control signal. 

The Link Detect circuit provides an Assert-Deassert 
function with ,a user-selectable threshold voltage. This 
circuit monitors the input signal and provides an ECL High 
output within lOOms of signal acquisition and an ECl low 
output within 350ms of signal loss. The ECl discriminator 
output can be used to disable the comparator when the 
signal is beloW the user~selected threshold. LlNKlED 
drives anLED for a visible indication ofthe link statlis. 

BLOCK DIAGRAM 

VecA GNDA 

I I , 
AMP> 

...-

,y FILTER I, 

vee GND 

I I , 
EeL,> 
CMP 

,,; 

r-------------------~~---~ 
1 LINK DETECT 1 
1 1 .-+-r--... "---r--... I 

I I I THR~ TIMER L1N~1 
I 

REF I OUT 1 

I J,,; f--V I 

VREF 

1_- ------- ---
_________ J 

I 
CAP THIN CTIME L1NKLED 

ML6622 High-Speed Data Quantizer 
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EeLOUT+ 

ECLOUT-

ENABLE 

L1NK+ 

L1NK-



PIN DESCRIPTION 

NAME 

Vee 

FUNCTION 

Positive Power Supply for less noise 
sensitive nodes. +5' Volts 

ECl OUT + 
EClOUT-

POSitive and Negative Eel Comparator 
outputs. lmA internal pull downs are 
incorporated so that external pull downs 
aren't necessary for light loads. 

GND Ground 0 volts. Used for less noise sensitive 
nodes. 

LlNKlED Link Detect Status output. LlNKlED is an 
open collector active low signal. It will be 
active low when the input signal applied to 
VIN+, VIN_ exceeds the programmed 
threshold level at the THIN pin. Capable of 
driving a 20mA lED indicator. 

LlNK-

LINK + 

THIN 

Negative ECl Link Detect output. This 
output is active low when the input signal 
exceeds the programmed Link Detect 
threshold. 1 mA internal pull downs are 
incorporated. 

Positive ECl Link Detect output. This output 
is active high when the input signal exceeds 
the programmed Link Detect threshold. 
1 mA internal pull down' are incorporated. 

A capacitor from this pin to ground 
determines the Link Detect response time. 
To Meet FDDI specifications this capacitor 
should be 2,OOOpF. This capacitor can be 
removed for the fastest response time. 

Threshold Input. A voltage applied to this 
input pin sets the minimum amplitude of the 
input signal required to cause the link detect 
to activate. In most cases this can be tied to 
VREF· 

PIN CONNECTION 
ML6622 

16-Pin DIP 

CTIMER 

UNKlED 2 15 CAP 

vee 3 14 VeeA 

EClOUT+ 4 13 VIN+ 

ECLOUT- 5 12 VIN_ 

GND 6 11 GNDA 

UNK+ 7 10 THIN 

UNK- 8 9 VREF 

NAME 

ENABLE 

GNDA 

VeeA 

CAP 

'Micro Linear 
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FUNCTION 

A 2.SV reference with respect to GND. 
When tied to THIN, the link monitor 
threshold is. set to a. convenient value, 
dependil')g on the·responsiveness of the 
front end receive circuit. . : 

This input pin should be capacitively 
coupled to the input source or to Vc<::' 

This input pin should be capacitively 
coupled to the input source or to Vee. 
ECl input active low. When this input is tied 
to LlNKlED the ECL 'Comparator output is 
automatically enabled anq disabled by the 
Link Detect circuit. This input can be tied to 
GND for continuous enable. When the ECl 
Comparator is disabled, ECL OUT- goes 
low and ECl OUT+ goes high. 

This ground goes to all of the noise sensitive 
circuits in the chip; the input amplifier, DC 
restoration loop, part of the Comparator and 
part of the I,ink detect circuit. In some 
system designs, it may be advantageous to 
separate GND and GNDA. 

This Vee goes to all of the noise sensitive 
circuits as mentioned in GNDA. 

A capacitor is tied from this pin to VREF. 
This capacitor sets the lower frequency 
rejection and helps remove internal DC 
offset. This capacitor should be 10 times 
larger than the input capacitors. 

ML6622 
16-Pin Narrow SOIC 
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ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Vee - GND ................ ~ .................................... -O.3 to +7.0 
VeeA - GNDA .. : ..... ; ..•........... , .................. : ........ -0.3 to +7.0 

StorageTeniperature Range ..•. , ................ -65°e to + l'5ooe 
Lead Temperature (Soldering 1 o sec.) .................... +260°C 

Inputs/Outputs GND .............. ~.: .. : ... , ..... : . .;.0.3 to Vee +0.3 

ELECTRICAL CHARACTERISTICS 
Over recommended operating conditions ~f TA = oDe to 70De, Vee = 5V,±5°io,GND = nv, unless otherwise noted. 

' .. 

SYMBQL PARAMETER CONDITIONS MIN TYP MAX UNITS 

Icc VcCSupply Current 
. 

(No load on ECl outputs) 35 50 mA 

.' 
VREF ReferenceVoltage 2.37 2.47 2.57 V 

IVREF .' VREF OutpulCiJrrent -1 3 +5 mA 

Y,N : Inp'utSignal Range 2 1600 mVp.p 
'" . . 

VTHADJ External Voltage O.S VREF V 
Range at THIN to set VTH 

EN Input-referred Voltage Noise 100 MHz BW 25 ~VRMS 

R'N IJ)puliResistance ViN+, V,N- 500 770 '1000 n 
'" 

ITHIN Input Bias Current of THIN _100' . +100 ~ 

VOL-Vee· ECl Output Voltage-law Through son to Vee -2V, TA = 25° C . ~1.840 -1.730 -1.6~Q V 

VowVee ECl Output Voltage-High Through son to Vee-2V, TA = 25° C -1.045 ' -0\963 -0 .. 880 V" 
" ., 

.' 
tr . Data OuiputRise Time : . ns 

tf .DataOutput Fall Time 0.35 1.3 ns 

LINK DETECT 

AS_Max Assert Time (off to on) C TIME = 2000pF 
, 

6 10.0 ~ 

ANS_Max Deassert Time (on to off) C TIME = 2000pF 0 350 ~ 

VTH Input threshold THIN = VREF Assert 8 10 12 mV 
HysteresiS 1-:5 1.7 2 dB· 

.. Note 1. Absolute maximum ratings are Irmlts beyond which the life of the Integrated CirCUit may be. Impaired. All voltages unless otherWIse specified are measur.ed WJth 
respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling; or correlation with worst-case test conditions. 
Note 3: Low Duty Cycle puJ~ testin.g is performed at TA-
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FUNCTIONAL DESCRIPTION 

The Ml6622 High Speed Data Quantizer takes a low 
level analog signal from a pin diode and transimpedance 
amp front end and converts it into digital ECl levels for 
subsequent digital processing. The input signal, coming 
from a transimpedance amplifier, enters the chip and is 
immediately amplified by a two-stage video amplifier. At 
the output of this amplifier the signal takes two 
parallel paths. 

The data path passes the signal into a high speed com
parator and outputs raised ECl differential data on the 
ECl OUT ± pins. The Link Detection path monitors the 
magnitude.of the amplified input signal, compares it to a 
user-settable threshold, and provides the result of the 
comparison as a raised-ECl differential output on the 
Link± pins. The timer following the threshold block is 
used to set the Link Detect output acquire and deacquire 
time using a capacitor. 

AMPLIFIER 

The amplifier is a two stage video amplifier with a gain of 
approximately 55VN. Maximum sensitivity is achieved 
through the use of the DC restoration feedback loop and 
AC coupling the input. The AC coupling input capacitors, 
in conjunction with the input impedance of the amplifier, 
establish a high pass filter with the lower 3dB point 
determined by the input resistance and the input coupling 
capacitors. 

Since the amplifier has a differential input, two AC 
capacitors of equal value are required. If the signal driving 
the input is single ended, the other coupling capacitor 
should be tied to Vee. 

Another low-pass filter is created with the CAP capacitor. 
The lower 3dB point controlled by a capacit.or tied from 
the CAP pin t.o VREF as shown in the application circuit. 
For stability CAP should be 10 times larger than the input 
coupling capacitors. 

1 
Ii.. = 2nlOOC 

ML6622 

COMPARATOR 

A high speed ECl comparator is used for zero crossing 
detection. The second stage of the comparator outputs 
raised ECl levels. The comparator has an Enable input pin 
which takes an ECl level. This Enable pin is normally 
driven by LlNKlED, which causes the output to be 
enabled when the link is up and disabled when the link is 
down. When ENABLE is low the comparator is 
operational. When ENABLE is high the comparator is 
disabled causing ECl OUT-to go low and ECl OUT + to 
go high. The ENABLE pin can be tied to ground to keep 
the comparator permanently enabled. 

LINK DETECT CIRCUIT 

The Link Detection Circuit is used to accurately measure 
the input amplitude to determine whether it is large 
enough to reliably recover the input signal. Once the Bit 
Error Rate (BER) for the Ml6622 receive circuit is 
determined, the link detect threshold can be set so that the 
Link Detect Circuit will shut off before the error rate 
exceeds the link requirement. 

The Link Detection Circuit consists of three functional 
blocks; Thresh, Timer, and Link Out. Thresh detects the 
output of Amp and compares it to a programmable 
threshold input THIN. As long as the input amptitude is 
greater than the programmable threshold input, the Link 
Detect output remains active. 

When the peak input drops below THIN, Thresh's output _ 
changes state and Timer delays the Link Out state change ~ 
for a programmable amount of time. When using the . 
default CTIME capacitance of 2000pF, the deassert time IS 

350j.ls max and the assert time is 1 OOj.ls max. These 
default values conform to the ANSI X3 .166-1990 PMD 
standard for FDDI. 

T.o improve stability, the Link Detect circuit includes 1.7dB 
of hysteresis. 

The VREF output can be tied directly to THIN to set the 
Link Detect threshold. For greater sensitivities, VREF can 
be divided down before applied to THIN. The formula for 
the threshold on the thin pin is as follows: 

Although the input is AC coupled, the offset voltage V 
within the amplifier will be present at the amplifier's Threshold (Assert) = ;;; 
output. The removal of the dc offset in the amp helps the 
circuit respond to small input voltages, and reduces duty-
cycle distortion. In order to reduce this error, a negative Threshold (Deassert) = V;~~N 
feedback loop nulls the offset voltage. An external 
capacitor CAP is used to store the offset voltage. This 
voltage is compared to VREF and a difference current 
proportional t.o the result is applied to the negative side of 
the input stage of the AMP thereby nulling the DC .offset. 
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APPLICATION CIRCUIT 

r-------------------------~ I 407~H I 
I+SVO l l ,....... II . OVRF+I 

l I o1 T+407 I+407Iol l 
I + Vo.A.I 0 VRf.. I 
I 407~H . . OPTIONAL I L _________________________ J 

ORDERING INFORMATION 

PART NUMBER 

ML6622CP 
ML6622CS 

TEMPERATURE RANGE 

0° to +70°C 
0° to +70°C 

r-__ 'rO=oO~I~~F ___ ~ 

t. V. RF+ 
11-0_oo-=.1 ~_F _----'_ 

PACKAGE 

16-Pin MOLDED DIP (P16) 
16-Pin MOLDED SOIC (S16N) 
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PRELIMINARY 

ML6632 

High Speed Fiber Optic LED Driver 

GENERAL DESCRIPTION 

The Ml6632 is a high speed fiber optic lED driver suited 
for networking applications up to 200 Mbps. The part is 
capable of driving up to 120 mA of current through a fiber 
optic lED from an ECl level input signal. Its efficient 
output stage provides a high current that can be 
programmed for accurate absolute output level which 
insures precise launch power. 

The lED driver's output stage provides a fast well matched 
rise and fall time through a unique class B output stage 
that burns supply current only when the lED is on. An 
optional peaking circuit is also available for 820 nm 
applications. 

The Ml6632 high speed fiber optic lED driver is 
implemented in BiCMOS process and is available in a 
8-pin SOIC or PDIP package. 

BLOCK DIAGRAM 

lOUT 

EClP 

EClN 

RTSET 

vee IPK 

RPK 

GND 

FEATURES 

• Data rates up to 200 Mbps 

• Current driven output for accurat~ launch power 

• Programmable output current froin 20 mA to 120 mA 

• High Efficiency Output Stage 

• low EMI/RFI Noise 

• ECl inputs 
• Optional Peaking Circuit 

APPLICATIONS 

• Fiber Optic Token Ring 

• FDDI 
• SONET OC1 and OC3 

• Fiber Optic Data Communications and 
Telecommunications 

PIN CONNECTION 

8-Pin sOle or PDlP 

'ocO'~ EClP 2 7 lOUT 

EClN 3 6 RTSEr 

GND 4 5 RPK 

TOP VIEW 
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ML6632 

PIN DE'SCRIPTION 

PJN NO. NAME 

1 Vee 
2 ECLP 

3 ECLN 

4 GND 

5 RPK 

DESCRIPTION 

'Pqsitive power supply. +5 volts. 

Positive EeL data input controls signal 
to the LED. 

Negative ECL data input. 

Negative powersupply. This pin 
should be tied to the grounded side of. 
RTSET to improve output accuracy and 
avoid'a ground loop. . 

Peaking circuit bias pin. Connect a 
resistor of value 1/lpEAK from this pin 
to ground when using the peaking 
circuit. Leave open circui~ed when this 
pin is not used. 

ABSOLUTE MAXIMUM RATINGS (Note 1) . 

Vee ..................... ~ ........................................... -0.3V to 6V 
Input Pin Voltages ............... l .•••••. l ...... -O.3V to Vee+0.3V 
LED Output Current (lPK, lOUT) ......................... l •• 120mA 

ELECTRICAL CHARACTERISTICS 

PIN NO. NAME DESCRIPTION 

7 

8 

'" .. ' InSET Output current programming pin. 
Connectaresistor of value 1/ILED from 
this pin to ground to set the high LED 
output current. 

lOUT Fiber optic LED dri've pin. C~nnect the 
LED between.this pin and Vee. 

IPK Peaking circuit outpLitpin. When 
using peakirg, connect this 'pin to Vee 
through a resistor of value RRPK. Then 
connect a;capacitor from this pin to 
the LED cathode. When peaking is not 
used, open circuit RPK. . 

Peak DC Output Current (IPK,IOUT) ..................... 120mA 
Storage Temperature ............................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec) ....................... 260°C 

Over the recommended operating conditions of TA = O°C to 70°C, Vee = 5V ± 5%, RTSET = 16.50 ± 1 %, RPK = 16.50 ± 
·1 %, unless otherwise specified. (Notes 2 and 3) 

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNITS 

Icc Supply Current lED off 20 mA 

LED and Peaking Current 
Accuracy (lOUT, IPK) . 

ILEDH High 57 60 63 .mA 
ILEDL Low 0.5 0.7 1.0 mA 

tR Rise Time (lOUT, IPK) 2 ns 

tF Fall Time (lOUT, IPK) 2 ns 

Propagation Delay 
(lOUT,IPK) 

tpLH low to High 10 ns 
tpHL High to Low 10 ns 

tPWD Pu I se Width Distortion 1.0 I]S 

(lOUT,IPK) 

IECL ECl Input Current 20 ... !JA 

VDO Dropout Voltage between 1.5 V 
pin 6 and 7 . 

Note 1: Absolute maXimum ratmgs are hmlts beyond which the hfe of the mtegrated CirCUIt may be Impaired. All voltages unless otherwise speCIfied are measured With 
respect to ground. . 

Note 2: limits are guaranteed by 100% testing, sampling/·or correlation with worst-case test conditions. 
Note 3: low Duty Cycle pulse testing ;s performed at TA. 
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FUNCTIONAL DESCRIPTION 

The Ml6632 accepts ECl input signals and generates a 
high speed, high accuracy output current which is 
independent of supply voltage variations. The output 
current is programmable from 20mA to 120mA. 

The ECl input stage is a standard NPN differential pair 
with a common mode range of between 1 V and 4.SV with 
a +SV supply. With this common mode range it is possible 
to convert the ECl inputs into TTL. If the EClN input is 
biased up to the TIL switching level, the EClP pin can be 
driven by a TTL or CMOS output. Figure 1 d shows a 
circuit implementing this technique. This circuit may 
degrade pulse width distertion and should be checked for 
acceptable performance in this configuration. 

Output current to the lED is set by connecting the 
appropriate resistance from RTSET to ground. The high 
level output voltage at RTSET will be 1.0V. The current in 
the external resistor will be equal to the current through 
the lED. The output current with RTSET set to 16.Sf.! will 
be 

ILED(HIGH) = 1.0V/RTSET = 1.0V/16.Sf.! = 60mA. 

With RTSET = 16.Sf.!, the low level output current is 
approximately O.7mA. This current prebiases the lED and 
results in faster optical rise times. 

The Ml6632 contain two seperate, but identical current 
driven output stages. These two stages can be paralleled 

+5V 

+5V ! 
Vee IPK 

+ EClP lOUT 
VIN 

ECLN RTSET 

GND RPK 

8.20 
":" 

":" 

a) lOUT = 120mA 

+5V 
+SV ! 160 

R'PK 

vee IPK 
100pF 

+ EClP lOUT 
VIN 

EClN RTSET 

GND RPK 

":" 

c) lOUT = GOmA, with peaking 

ML6632 
to double the drive current or one can be used for peaking 
while the other is used to drive the lED. See Figure 1 c. 

The Ml6632 provides for peaking of the lED output 
current. Peaking is used to counteract the effects of the 
lED junction capacitance. By creating a controlled 
overshoot and undershoot in the output current waveform, 
charge is transferred to and from the lED capacitance on 
the rising and falling edges of the output, speeding up rise 
and fall times. 

To provide peaking current, a second output stage is 
biased up with a resistor from RPK to ground and another 
from IPK to VCe. When these bias resistors are set equal 
to each other, a pulse will be generated across the RPEAK 
resistor with a magnitude equal to the voltage on the 
RTSET pin. A coupling capacitor transfers the peaking 
current from the IPK pin to the lED on the rising and 
falling edges of the output current waveform. 

Atypical application is shown in Figure 1 e. When the 
resistors RRPK and RIPK are both set to 16f.!, a pulse will be 
generated at the IPK pin of magnitude 1.0V and 
equivalent resistance 16f.!. 

The peaking current is coupled through the 100 pF 
capacitor, CPEAK, which will transfer 100 pC of charge to 
and from the lED on each cycle of output current. The 
peaking circuit shown provides approximately a 70% 
overshoot current into a Of.! LED impedance. Peaking 
currents will be slightly lower for real lED's. 

TTL IN 

+5V 

+0----1 
VIN 

vee 

EClP 

EClN 

GND 

IPK 

lOUT 

RTSET 

RPK 

b) lOUT = GOmA 

+sv +5V 
+5V 

Vee IPK 

EClP lOUT 

ECLN RTSET 

GND RPK 

":" 

":" 

+5V 

! 

16.50 

":" 

160 
RIPK 

100pF 

":" 

":" 

d) lOUT = GOmA, with peaking and TTL input 

! 

Figure 1. Typical Applications 
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ML6632 

ORDERING INFORMATION 

PART NUMBER· TEMPERATURE RANGE PACKAGE 

Ml6632Cf! .. oqc to +70°C a-Pin Molded DIP (poa) 

Ml6632CS O°C to +70°C a-Pin SOIC (SOaN) 
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GENERAL DESCRIPTION 

The Ml6671 is a complete monolithic transceiver for 125 
Mbaud MLT-3 encoded data transmission over Category 5 
Unshielded Twisted Pair and Shielded Twisted Pair cables. 
The adaptive equalizer in the Ml6671 will accurately 
compensate for I ine losses of up to 100m of UTP. The part 
is internally trimmed during manufacturing and requires 
only an external 1 % resistor for accurate equalization. 

The Ml6671 receive section consists of an equalizing 
filter with a feedback loop for controlling effective line 
compensation. The feedback loop contains a filter and 
detection block for determining the proper control signal. 
The Ml6671 also contains a pair of data comparators with 
precisely controlled slicing thresholds and an MlT3 to 
NRZI translator. An ECl lOOK compatible buffer at the 
output interfaces directly with existing FDDI PHY silicon 
from various manufacturers. 

The Ml6671 transmit section accepts ECl lOOK 
compatible NRZI inputs and converts them to differential 
current-mode MlT-3 signals. Transmit amplitude is 
controlled by a single resistor. 

Several additional functions are provided by the Ml6671 
to simplify applications. A common-mode reference is 
provided to set the input DC level for the equalizer and 

BLOCK DIAGRAM 

MLT-3 INPUT -
FROM 

TRANSFORMER 

EXTERNAL 
RESISTOR 

EXTERNAL 
RESISTOR 

NRZIINPUT' 
lOOK Eel 

August 1992 
ADVANCED INFORMATION 

ML6671 

TP-PMD MLT-3 Transceiver 

the near-end transformer winding. This terminal may be 
used as an AC ground for the transformer center-tap or 
termination resistors. A link status circuit monitors line 
integrity and provides a proper logic level output signal to 
interface with the host system. 

The Ml6671 is implemented in a 1.5f.lm BiCMOS process. 
A differential signal path throughout minimizes the effects 
of power supply transients and noise. A variety of package 
options are available to accomodate surface mount and 
thru-hole assembly requirements. 

FEATURES 

• Complies with ANSI X3T9.5 TP-PMD emerging 
standard 

• Transmitter converts NRZI ECl signals to MlT-3 current 
driven outputs 

• Transmitter can be externally turned off for idle 
generation 

• Receiver includes adaptive equalizer and MlT-3 to 
NRZI decoder 

• Operates over 100 meters of STP or category 5 UTP 
Twisted Pair Cable 

• 1.5jJm BiCMOS process 
• 28 pin surface mount package 
• Semi-standard options available 

TRANSMIITER OFF 
ITllNPUT 

lOOPBACK 
TTl INPUT 

NRZIOUT' 
lOOK Eel 

NOTE: "'Denotes PMD-PHY 
defined service 

MLT-3 OUT 
CURRENT DRIVE 
TO TRANSFORMER 
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ADVANCED INFORMATION 

ML66:S2 
'Token Ring Physical Interface 

GENERAL DESCRIPTION 

The ML6682 Token Ring Physitallnterface Circuit is 
designed for IEEE 802,5 networks using shielded tWisted 
pair (STP) or unshielded twisted pair (UTP) media. It may 
be used either as a station port front-end for a token ring 
MAC controller, or as a lobe or Ring In/Ring Out port in 
an active concentrator. It includes a receiver equalizer for 
suppression of inter-,symbolinterterence jitter, a narrow 
bandwidth PLL with a constant-gain phase/frequency 
detector for enhanced clocktrackingand low VCO output 
phase distortion, internal frequency/phase tracking select 
logic, and a twisted pair transmit driver and receiver. The 
circuit also includes phantom wire fault detection and 
output drivers,for use with an external phantom switching 
mechanism. ' . 

External, components are minimized.by the use of 
internally-controlled station fault, watchdog timer, 
receiver pulsewidth squelch,on-chip crystal oscillator, 
and int~mal 4/16 Mbps switching logic. External pin 
connections select either.station port,or concentrator 
port operation and data rate (4mb/s or 16mb/sJ.ln a 
concentrator ,application the ML6682 performs the 
switching function eliminating the need for relays. 
Isolation can be achieved optically. The circui.t requires 
a single +5V power supply, and is fabricated in 
BiCMOS technology. 

BLOCK DIAGRAM 

4/16 

RSL 

RxTPP, 

RxTPN 

EQ4A 

Eq4B 
EQ16A 
EQ16B 

XTAL1 

XTAL2 

XTALOUT 
PHTMRXI 

PHTMRX2 

PHTMTXl 

PHTMTX2 

, 

EJ =r= 

SQDlS 

y 

I 
~SQUELCH I 

tl ' 
• t 

~, I I 
JINE> 

" EQUAtlZER I 
Rx 

V 
"'I I 

,--'-

osc 

~ 

PHANTOM 
' DRIVE/SENSE 

EQDATA 

4-

I 

FEATURES 

• Supports the complete,interface for both a station and a 
,concentrator. ' 

• Supports Active Retiming and Regeneration for each 
16be port and Ring In/Ring Out ports for UTP/STP 
Extended distance concentrators. ' 

• Provides ,complete physical interface for a UTP!STP 
station port and full compatibility with TMS380C16/ 
TMS380C26. 

• Pi n-~electable 1 6 and 4Mb/s data' rates 

• Supports fault tolerant Ring In/Ring Out Trunks 

• Fault isolation at eachconcentratbr port available for 
Network Managemet;lt. ' 

• Provides Phase-Locked Loop with constant galnphase 
detector for clock regeneration and data recovery. 

• Phantom voltage drive/sense for both transmit and 
receive cable pairs. 

• On-chip crystal oscillator can :also be driven by 
external clock. 

• On-chip receiver channel equalization switchable for 
both 4 and 1 6 Mbps 

• 44-Pin package 

• Advanced BiCMOS technology 

VCC GND 
1 
I 

PLL --
TRACKING I LOCK 

LOGIC 

.1 L~ FILTR4MB 

FILTR16MB 

PLL ,I-- RVCO 1 
... 

ALLOW -
,;-

II 
,'," NSRT 

" PHTMD/S 

-< HUB/STA 

RxCLK 

PORT INTERFACE RxD 

AND RTSET 
RING ACCESS 

'I-----"-"'-
T.TPP '1 LOGIC 

f----<> TxTPN -:-

I I I I L--;:;:'OUTPUT 

y, " A· A A A --""--TxD ,TxCLK DRVRP DRVRN WRAP/FBYP 
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1. READ/WRITE AMPLIFIERS 

Disk Drive ICs 

Disk Drive Component 
Selection Guide 

Part Numbers of Head Max Input Write Current 
Number Channels Type Noise (nV!VHz) Range (mA) Key Features Package Options 

ML117 2,4 or 6 Ferrite 2.1 10 to SO Write Current Disable Function PDIP-18, 22, 28; 
50-18,24; PCcc28 

MLl17R 2,4 or 6 Ferrite 2.1 10 to SO Internal Damping Resistors PDip-18, 22, 28; 
50-18, 24; PCC-28 

MLSOl 6or8 Ferrite 1.S 10 to SO Enchanced Write Stability PDIP-28, 40; 
50-32; PCC-28, 44 

MLS01R 6 or 8 Ferrite 1.S 10 to SO MLSOl with Internal PDIP-28,40; 
Damping Resistors 50-28,32; PCC-28, 44 

MLS02 6or8 Thin Film 1.S 10 to SO Enchanced Write Stability PDIP-28,40; 
50-32; PCC-28, 44 

MLS02R 6,70r8 Thin Film 1.5 10 to SO MLSO:2with Internal PDIP-28, 40; 
Damping Resistors 50-32; PCC-28,44 

MLSll 4,60r.8 Ferrite 1.S 10t040 Improved Write Stability 50-24; PCC-28, 44 

MLSllR 4,6,7 or 8 Ferrite l.S 10t040 MlSll with Internal 50-24; PCC-28, 44 
Damping Resistor 

Ml441S 15 Ferrite l.S 10to 40 Improved Write Current Stability PCC-44 

Ml4416 14 Ferrite 1.S 10 to 40 Chip Select Input PCC-44 

Ml4610R 2or4 Thin Film 0.8S S to 3S Switchable Damping Res. (700n) 50-16,20 

MI4611R 4 Thin Film 0.85 5 to 35 Switchable Damping Res. (700n) 50-24 
and Write Current Adjust 

2. READ/WRITE SIGNAL PROCESSING 

Part Number Function Key Feature Package Option 

Ml4041 Read Data Proces~or Fast AGC Recovery, I ns Pulse Pairing PDIP-24, 50-24, PCC-28 

Ml4042 ML4041 with Undervoltage Detector Fast AGC Recovery, 1 ns Pulse Pairing PDIP-28, 50-28, PCC-28 

Ml4417 Zone Bit.Recording IC 100 MHz VCO 50-16, PDIP-16 
Ml4427 

ML4568 Pulse Detector with Embedded Servo 5V Only; 1 ns Pulse Pairing PCC-28 

ML541 Read Data Processor lS MBits/sec Data Rate PDIP-24, CERDIP-24, PCC-28, 50-24 

Continued on next page 
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Disk DrivelCs 

Disk Drive Component 
Selection Guide (Continued) 

2. READ/WRITE SIGNAL PROCESSING (Continued) 

Piut Number Function Key Feature Package Option 

ML6005 '24 MbpsHDD Filter/Equalizer Low Power/High Performance SSOP-20 

ML6006 36 Mbps HDD Filter/Equalizer Low Power/High Performance SSOP-20 

ML6010 36, Mbps Read Channel Combo Low Cost/H igh Integration QFP-52 
Configurable Array 

ML8464B Pu I se Detector DP8464B Second Source PDIP-24, PCC-28 

ML8464C Pulse Detector 1 ns Pulse Pairing PDIP-24, PCC-28 

3. SERVO CONTROL ICS 

Part Number Function Key Feature ' Package Option 

ML4401 Servo Demodulator ECL Output VCO PDIP-28, PCC-2B 

ML4402 Servo Driver, External Power Drive Low Offset (±5mV) PDIP-20, PCC-20 

ML4403 Servo Controller On-Chip Interpolation Function PDIP-20, PCC-20 

ML4404 Analog Trajectory Generator User-Defined Trajectory, 2 DACs PDIP-2B, PCC-28 

ML4406 Servo Driver, Internal Power Drive Internal Threshold Reference PCC-20 

ML4407 Servo Driver, Internal Power Drive External Threshold Reference PCC-20 

ML4408 Low Voltage Drop Servo Driver 5V Only or 12V Operation SO-24 

ML4413 Servo C~ntroller , ML4403 with Ext. Amp. Nulling PDIP-24, PCC-2B 

ML4431 Servo Demodulator Enhanced ML4401; TTL Output PCC-32 

ML4532 Servo BurstArea Detector Includes PWM DAC SSOP-20, PCC-20 

ML4533 Servo Burst Area Detector No PWM DAC, Reference SO-16 
Levels Compatible to 
ML ND Converters 

ML4536 Servo 'Burst Area Detector No PWM DAC, Reference SO-16 
Levels Compatible to 
Zilog J.lC ~ith ADC 

ML4534 SUM/DIFF Area Detector For Hybrid Servo PCC-20 

ML4535 Hybrid Servo' Demodulator Integration/Area Detection PCC-32 

4. SPINDLE MOTOR CONTROL ICs 

Part Number Function Key Feature Package Option 

ML441 0 Sensorless Spindle Motor Control Back-EMF-Commutation PCC-28 

5-2 'MicroLin~r 



.~Micro Linear 
Disk Drive ICs 

Hard Disk Drive Data Path 
and Servo Control Diagram 

/L ___ --'--'\ TO 

\, ___ .-,/ CONTROLLER 

.-~ _______ -L~~~ ______ J~W-______ ~\ TO 

L--.... ,-------,,,--T'"T---,,,-----"T.----ro/ CONTROLLER 

Micro Linear provides a full set of Winchester Hard Disk Drive support chips including the data path and the head servo 
positioning path. Micro Linear supports both dedicated and embedded servo disk drives with read-write preamps, pulse 

detectors, data separators, servo demodulators, controllers and drivers, and 8- and 1 O-bit 
data converters for digital servo systems 
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'Micro Linear 

GENERAL DESCRIPTION 
The ML1l7 devices are bipolar monolithic integrated circuits 
designed for use with center-tapped ferrite recording heads. 
They provide a low noise read path, write current control, 
and data protection circuitry for as many as six channels. The 
ML1l7 requires +5V and +12V power supplies and is availa
ble ip 2, 4, or 6-channel versions with a variety of packages. 
The ML1l7 contains exclusive circuitry that inhibits write 
current during device power-up, thereby eliminating power
up "glitches" common to similar read/write circuits. 
The ML1l7R differs from the ML1l7 by having internal 
damping resistors. 

BLOCK DIAGRAM 

vee VOD1 GND 

r 1 

R/W 

MODE 
SELECT 

Cs 

RDX 

RDY 

WDI 

HSO 
HSI 
HS2 

VOD2 vcr 

MLl17, ML117R 
2, 4, or 6-Channel 

Read /Write Circuits 

FEATURES 
• Exclusive write current disable during power-up 
• Replacement for 551 32Rl17/117R 
• +Sv, +12V power supplies 
• Single or multi-platter Winchester drives 
• Designed for center-tapped ferrite heads 
• Programmable write current source 
• Available in 2, 4, or 6 channels 
• Easily multiplexed for larger systems 
• Includes write unsafe detection 
• TTL compatible control signals 

wus 

HOX 

HOY 

HIX 

es HIY 
>< 
~ H"2X .. 
S 

H2Y :> 
::; 

i H3X 

~ 
C H3Y 

~ H4X 

H4Y 

HSX 

HSY 

we 
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ML117, ML117R 

PIN CONNECTIONS 
MLl17-4 OR M1117R-4 

4C!1annels 
22-PIN DIP 

ML117-4 OR ML117R-4 

Cs HSO 

GND HSI 

HOX WDI 

HOY Vool 

HIX Vo02 

Vcr 

H2X H3X 

H2Y H3Y 

R/W WUS 

we Vee 

RDX RDY 

TOP VIEW 

MLl17-2 OR MLl17R-2 
2 Channels 

18-PIN SOIC AND DIP 

Cs HSO 

GND WDI 

NC Vool 

HOX Voo2 

HOY Vcr 

R/W HIX 

WC HlY 

RDX WUS 

ROY Vee 

TOP VIEW 

Cs 

GND 

HOX 

HOY 

'HIX 

H1Y 

H2X 

H2Y 

R/W 

wc 

RDX 

ROY 

4 Channels 
24-PIN SOl( 

TOPVIEW 

HOY 

HIX 

H2X 

R/W 

wc 

HSO 

HSI 

WDI 

VODl 

Voo2 

Vcr 

H3X 

H3Y 

NC 

NC 

WUS 

Vee 

M1117-6 OR M1117R-6 
6 Channels 

28-PIN pcc 

GND HSO HS2 
HOX I Cs HSI I WDI 

321282726 

12 13 14 15 16 17 18 

NC I ROY I WUS I H3X 
RDX Vee H3Y 

TOP VIEW 

PIN DESCRIPTION 

NAME FUNCTION NAME 

HSO-HS2 Head Select (six heads) RDX, RDY 

CS Chip Select (low level enables 
chip) WC 

R/W Read/Write (high level selects 
Read mode) VCT 

WUS Write Unsafe, open collecter out-
put (high level indicates alarm) Vee 

WDI Write Data In (negative transition VDD1 
toggles head current di rection) VDo2 

HOX-H5X X head connections GND 
HOY-H5Y Y head connections 

5-6 , Micro Linear 

MLl17-6 OR ML117R-6 

HSO 

Cs 

GND 

HOX 

HOY 

HIX 

H1Y 

H2X 

H2Y 

R/W 

WC 

NC 

RDX 

ROY 

VOOI 

vo02 

Vcr 

H5X 

H5Y 

H4X 

H4Y 

FUNCTION 

6 Channels 

28-PIN DIP 

HSI 

HS2 

WDI 

Vool 

Voo2 

Vcr 

H5X 

H5Y 

H4X 

H4Y 

H3X 

H3Y 

WUS 

Vee 

TOP VIEW 

X, Y Read Data (differential read 
signal out) 

Write Current (used to set the write 
current magnitude) 

Voltage Center Tap (center tap 
voltage source) 

+5 volts 

+12 volts 

Positive supply for center tap 

Ground 



ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Power Supply Voltage Range 
Vool ................................. -0.3to14Voc 
Voo2 ................................. -0.3to14Voc 
Vcc ................................... -0.3t06Voc 

Input Voltage Range 
Digital Inputs (G, R/W, HS, WDI) ..... -0.3to Vcc +O.3Voc 
Head Ports (HOX-H5X, HOY-HSY) .... -0.3 to Vool +O.3Voc 
Write Unsafe (WUS) ...................... -0.3 to 14Voc 

Write Current (lw) ................................ 60mA 
Output Current 

Read Data (RDX, RDY) ......................... -lOmA 
Center Tap Current (lCT) ........................ - 60 mA 
Write Unsafe (WUS) .............................. 12 mA 

Storage Temperature ...............•...... -65°C to 150°C 
Junction Temperature (TJ) .•...........•..•......... 125°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTE RISTICS 

ML117, MLl17R 

OPERATING CONDITIONS 

Supply Voltage 
Vool ..................................... 12V±10"lo 
Vcc ...................................... 5V±10"lo 
Voo2 ........... , ...................... ; .. 6.5toVool 

Head Inductance (LH) ............ ' .............. 5 to 15"H 
Damping Resistor (Ro, MU17 only) ............. 500 to 2000Q 
RCT Resistor (112 Watt) ......................... 130Q ±5"1o 
Write Current (lw) ........................... 25 to SOmA 

Unless otherwise specified VDDl-12V±10%, Vcc-5V±10%, O°C';;TA';;70°C(Notes2 and 3). 

SYMBOL 1 PARAMETER CONDITIONS .1 MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 

POWER SUPPLY 

Icc V cc Su pply Cu rrent Read or Idle Mode 25 mA 

Write Mode 30 mA 

100 Voo Supply Current Read Mode 50 mA 

Write Mode 30+lw mA 

Idle Mode 25 mA 

Po Power Dissipation Read Mode .. 600 mW 

Write Mode Iw '-50mA, Rcr-130Q 700 mW 

Write Mode Iw -50mA, 1050 mW 
Rcr-OQ 

Idle Mode 400 mW 

DIGITAL INPUTS (CS R/W. HS WDI) , , , 
VIH High Voltage 2 Vcc+O.3 Voc 

VIL Low Voltage -0.3 0.8 Voc 

IIH High Current VIH -2.0V 100 "A 

IlL low Current VIL -0.8V -0.4 mA 

WUSOUTPUT 

VOl Output Low Voltage Im -8mA (Safe) Voc 

IOH Output High Current VoH -5V (Unsafe) "A 

CENTER TAP VOLTAGES 

VCT Read Mode Read Mode Voc 

VCT Write Mode Write Mode Voc 

. 'Micro Lin,er 5-7 



ML11.7,ML117R .. 

ELECTRICALCHARACTE RISTICS (Continued) 
Unless otherwi5especified Vool~12V±10%, Vcc~5V±10%,1w=45mA, LH=lOIoIH, Ro=750Q, fOATA =5MHz, 
CL (RDX, RDY)"20pF, O°C"TA" 70°C (Notes 2 and 3) (VIN is referenced to Vcr for Read Mode Characteristics). 

SYMBOL I . PARAMETER CONDITIONS MIN TYP MAX 

WRITE MOOE CHARACTERISTICS' 

IWR Write Current Range Iw=K/Rwc 10 50 

K Write Current Constant 133 147 

VHO Oifferential Head Voltage Swing 8 

IHU Unselected Head Transient 2 
Current 

Coo Differential Output Capacitance 15 

Roo Differential Output Resistance MU17 10k 

ML117R 562 938 

fwol WDI Transition Frequency WUS-Low 250 

AI Iws to Head Current Gain 20 

Il U nselected Head Leakage Sum of X & YSide Leakage Current 85 

READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN = ImVp_p@3OOkHz, . ·80 120 
Rl (RDX, ROY) -1 kQ 

DR Dymimic Range DC Input Voltage (Vi) Whete Gain Falls 10%, -3 +3 
VIN - Vi +0.5 mV pop @ 300 kHz .'. 

BW Bandwidth (-3dB) IZsl<SQ,VIN=lmVRMS 30 

elN Input Noise Voltage BW=15MHz, LH=O, RH=O 2.1 

CIN Differential I nput Capacitance 20 

RIN Differential Input Resistance MU17· 2k 

MU17R 390 810 

liN Input Bias Current 45 

CMRR Common-Mode Rejection Ratio VcM =VCT+loomVp_p@f=5MHz 50 

PSRR Power Su pply Rejection Ratio lOOmVp_p@5MHtonVool,Voo2,orVcc 45 

CS Channel Separation Unselected Channels: 4S 
VIN =100mVp_p@5MHz 
and Selected Channel: 
VIN=OmVp_p 

Vas Output Offset Voltage -480 +480 

VOCM Common-Mode Output Voltage Read Mode S 7 

Write or Idle Mode 4.3 

RoUT Single-Ended Output Resistance f-SMHz 30 

Il Leakage Current, RDX, ROY RDX, ROY = 6 V Write or Idle Mode -100 +100 

10 .. Output Current AC Coupled Load, RDX to ROY 2 

5-8 
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UNITS 

mA 

V 
,VPK 

mApK 

pF 

Q 

Q 

kHz 

AlA 

ItA 

'liN 

mV 

MHz 

nV/-vF1z 

pF 
Q 

Q 

lolA 

dB 

dB 

dB 

mV 

V 

V 

Q 

ItA 
mA 



ML 117, ML117R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDD1=12V±10%, Vcc=5V±10%, Iw=45mA, LH=10!,H, RD=750Q, fDATA =5MHz, 
Ooe';';TA';'; 700 e (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX 

SWITCHING CHARACTERISTICS 

tRW R!W to Write Switching Delay To 90% of Write Current Output 1 

tWR R/W to Read Switching Delay To 90% of l00mV, lOMHz Read Signal 1 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of 1 
or loomV, 10MHz Read Signal Envelope 
tlR 

tWI CS to Select Switching Delay To 90% Decay of 100 mV, 10 MHz Read 1 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90% of 100 mV, 10 MHz Read Signal 1 
Envelope 

tDl Safe to Unsafe iw=50mA 1.6 8 
Write Unsafe Delay 

tD2 Unsafe to Safe iw=50mA 1 
Write Unsafe Delay 

tD3 Head Current Prop. Delay LH=O, RH=O From 50% points " 25 

tD3 Head Current Asymmetry WDi has 50% Duty Cycle and 1 liS Rise! Fall 2 
Time 

Time Head Current Rise/Fall 10% and 90% Points 20 

UNITS 

lAS 

,lAS 

lAS 

lAS 

lAS 

lAS 

lAS 

nS 

nS 

nS 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. .: 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. -' 
Note 3: Maximum junction temperature (T)} should not exceed 125°C. 

TIMING DIAGRAMS 

WDI 

WUS 

HEAD 
CURRENT 

IX,IV 

Write Mode Timing Diagram 

'Micro Linear 5-9 



MLl17,ML117R 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
The MU17, MU17R functionsas a write driver or as a read 
amplifier for the select~d head. Head selection and mode 
control are described in Tables 1 & 2. Both.R/W and CS have' 
internal pull-up resistors for the prevention of an accidential 
write condition. 

READ MODE , 
In the Read Mode the MU17, MU17R is configured as a low 
noise differential amplifier, thewrite current source and the 
write unsafe detector are deactivated, and the write data flip
flop is set. The RDX and RDY outputs aredrivenby emitter 
followers and are in phase with the "X" and "Y" head ports. 

The internal write current source is deactivated for both the 
Read and the Chip Deselect modes which eliminates the 
need for external gating of the write current source. 

WRITE MODE 
The Write mode configures the MU17, MU17R as a current 
switch and activates the Write Unsafe Detector. The head 
current is toggled between the X- and Y-side of the recording 
head on the falling edges of WDI, Write Data Input. A pre
ceding read operation initializes the Write Data Flip-Flop, 
WDFF; to pass current through the X-side of the head. The 
magnitude ofthe write current, given by: 
Iw = KI Rwc, where K = Write Current Constant 

is set by the external resistor, Rwc, connected from pin WC 
toGND. 

Any of the following conditions win be indicated as a high 
level on the Write Unsafe, WUS, open collector output. 

• Headopen 
• Head center tap open 
• WDI frequency too loW 
• Device in Read mode ' 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

Table 1. 

HS2 

0 

0 

0 

0 

1 

1 

1 

Table 2. 

CS 

0 

0 

1 

5~10 '-Micro Linear 

Head Select 

HS1 HSO '. 

0 .... tJ,. 

0 :.1..' 
1 0 

1 1 

0 0 

0 1 

1 X 

o - Logic LevellCM' 
1 - Logic Level High 
X = Don't Care 

Mode Select 

R!W 
0 

l' 

X 

o - Logic LevellCM' 
1 = Logic Level High 
X = Don't Care 

HEAD 

0 

1 

2 

3 

4 

5 

NONE 

MODE 

Write 

Read 

Idle 



TYPICAL APPLICATION 

+5V 

2K 

Vee 

MICROPROCESSOR WUS 

AND R/W 
CONTROL LOGIC cs 

L------+J HSO 

'---------i~HSl 

'----------i~ HS2 

WRITE DATA INPUT ------1 .. WDI 

READ DATA OUTPUT 

NOTES: 
1. RCT is optional and is used to limit internal power dissipation 

(Otherwise connect Vool to Voo2). 
RCT (1/2 Watt) = 130 (55/Iw) ohm. 
where Iw = Write Current, in rnA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and ROY load capacitance20pF maximum. ROX and ROY 
output current must be limited to l00JAA. 

4. Damping resistors not required on ML117R. 

RDX 

RDY 

+12V 

I 100PF 

Ra(l) 

Vool Voo2 

ML117 

WC 

RWC 

'Micro Line~r 

Mll17, M1117R 

(2) 

HO 

HI 

H2 

H3 

READ/WRITE 
HEADS 

H4 

H5 

THERMAL CHARACTERISTICS 

28-Lead 
POIP 
pee 
24-Lead 
sOle 
22-Lead 
POIP 

l8-Lead 
POIP 
sOle 
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Ml117/Mll17R 

ORDERING INFORMATION 

PART NUMBER PACKAGE NUMBER OF CHANNELS 

ML117-2CP 18~Lead Molded DIP (P18) 2 
ML117R-2CP 18-Lead Molded DIP (P18) 2 
ML117-2CS 18-Lead Molded SOIC (518) 2 
ML117R-2CS 18~Lead Molded SOIC (518) 2 

ML117-4CP 22-Lead Molded DIP (P22) 4 
ML117R-4CP 22"Lead Molded DIP (P22) 4 
ML117-4CS 24-Lead Molded SOIC (524) 4 
ML117R-4CS 24-Lead Molded SOIC (524). 4 

ML117-6CP 28-Lead Molded DIP (P28) 6 
ML117R-6CP 28-Lead Molded DIP (P28) 6 
ML117-6CQ 28-Lead PCC (Q28) 6 
ML117R-6CQ . 28-Lead PCC (Q28) 6 

., 

,t. 
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'Micro Linear 

GENERAL DESCRIPTION 
The MLS01, MLS02 family of devices are bipolar monolithic 
read/write circuits designed for use with fixed disk center
tapped recording heads. :rhe MLS01 and MLS01R are de
signed for use with ferrite recording heads while the MLS02, 
MLS02R and MLS025 are designed for thin film or composite 
heads. The Rand 5 designation in the part number indicate 
that these parts have internal head damping resistors. 

The MLSO': MLS02 familyprovides up to eight multiplexed 
read/write data channels. These circuits exhibit features not 
found in similar read/write circuits such as improved write 
current stability and the elimination of write current "glit
ches" during power-up. The exclusive MLS02 is identical to 
the MLS01 except that the write unsafe detect circuitry is 
designed to operate with lower head inductance. 

BLOCK DIAGRAM 

vee VOO1 GND 

r ! 
R/W 

MODE 
SHECl 

Cs 

RDX 

ROY 

WDlo----------t--q 

~L501,~L501R,~L502, 
~L502R, ~L502S-Series 

6, 7, or 8-Channel 
Read /Write Circuits 

FEATURES 
• Exclusive write current disable duri'ng power-up 
• Enhanced write current stability 
• MLS01, MLS01 R is replacement for SSI 32RS01/S01 R 

and is designed for center-tapped ferrite heads 
• MLS02, MLS02R, and MLS02S are designed for center-

tapped thin film or composite heads 
• Single or multi-platter Winchester drives 
• Easily multiplexed for larger systems 
• Available in 6, 7 or 8 channels 
'. TIL compatible control signals 
• Programmable write current source 
• Includes write unsafe detection 
• Available in a selection of packages 
• +Sv, +12V power supplies 

wus 

HOX 

HOY 

HIX 

H1Y 

H2X 

ill 
H2Y 

~ H3X ... 
5 H3Y 
:;) 

::< 

~ H4X 

3: H4Y 
C 
~ H5X 

H5Y 

H6X 

H6Y 

H7X 
we 

H7Y 
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ML501, ML501~,ML502, ML502R, ML502S 

PINCONNE<;:TIONS 
ML501-6 OR ML501R-6 

OR ML502-6 OR ML502R-6 
6Chclnnels 

ML501-8 OR MLS01R-8 
OR ML502-8 OR ML502R-8 

8 Channels 
28-PIN DIP AND SOIC 

GND 
MUST REMAIN 
OPEN 
CS 

ML501-80RML501R-8 
OR ML502-8 OR ML502R-8 

ORML502S-8 
8Chann~ls 

44-PIN PCC 

TOP VIEW 

HOX 

HOY 

HlX 

HIY 

HZ> 

H2Y 

H3X 

H3Y 

H4X 

HS> 

H5Y 

H&X 

H6V 

R/W 

we 
ROY 

HSO 

HSl 

HS2 

WD' 

WUS 

32-P1NSOIC 

GND 
MUST REMAIN 
OPEN 

cs 
R/W 

we 
ROY 

RDX 

HSO 

HSl 

HS2 

Vee 

WD' 

WUS 

Vool 

Voo2 

Vcr 

TOP VIEW 

ML501-6 OR ML501R-6' 
OR ML502-6 OR ML502R-6 

ORML502S-6 
6 Channels 

2B-PINPCC 

R/W 
we 
ROY 

RDX 

HSl 

HSV I vo'" I wus I Vee 
Vcr Vool WDI 

TOPVIEW 

PIN DESCRIPTION 

5-14 

NAME 

HSO-HS2 

CS 

R/W 

WUS 

WDI 

HOX.:.H7X 

HOY-H7Y 

FUNCTION 

Head Sele¢t (eight heads) 

Chip Select (low level enables 
chip) .. 

Read/Wiite (high level selects 
Read mode) 

Write Unsafe, open collecterout
put (high level indicates an unsafe 

. Writing condition) 

Write Data In (negative transition 
toggles head current direction) 
X head connections 
Y head connections 

NAME 

RDX, RDY 

WC 

Va 

Vee 
VDD1 

VDD2 
GND 

'Micro Linear 

ML501-8 OR ML501R-8 
OR ML502-8 OR ML502R-8 

8 Channels 

H7V 

4O-PINDIP 

TOPVIEW 

ML502S-7c::Q 
ML502R-7CQ 

H1X HOX R/W 
H1V I HOY I GND I we 

4 1 2 1 28 27 26 

121314 15 16 1718 

GND 
MUST REMAIN 
OPEN 
NC 

NC 

cs 
R/lY 

we 

HS1 

HS2 

Vee 

WD' 

wus 

NC 

NC 

VoI)2 

HSV I H6Y I VDD2 I wus 
H6X Vcr VOO1 

TOP VIEW 

FUNCTION 

x, Y Read Data (differential read 
signal out) 
Write Current (used to set the write 
current magnitude) 
Voltage Center Tap (center tap 
voltage source) 
+5 volts 
+12 volts 
Positive supply for center tap 
Ground 



~L501,~L501R,~L502,~L502R,~L502S 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range Supply Voltage 
Vool ................................. -0.3to14Voe Vool ..................................... 12V±10% 
Voo2 ................................. -0.3to14VDC Vee ...................................... 5V±10% 
Vee ................................... -0.3t66VDC Head Inductance 

InputVoltageRa~e _ 
Digital Inputs (CS, R!W, HS, WDI) ..... -0.3 to Vee +0.3Voe 

LH, MLS01 or ML501 R only ..................... 5 to 15,..H 
LH, ML502, ML502R, ML502Sonly .......... 400 to l000nH 

Head Ports (HOX-H7X, HOY -H7Y .... - 0.3 to V 00 1 +0.3 V DC Damping Resistor (Ro, ML501 only) ............. 500 to 2000Q 
Write Unsafe (WUS) ...................... - 0.3 to 14 V oe RCT Resistor (112 Watt) ......................... 120Q±5% 

WriteCurrent(lw) ................................ GOmA Write Current (Iw) ........................... 22 to SOmA 
Output Current 

Read Data (RDX, RDY) ......................... -lOmA 
Center Tap Current (lcr) ........................ - GO mA 
WriteUnsafe(WUS) ............................. 12mA 

Storage Temperature ...................... -65°C to 150°C 
Junction Temperature (TJ) ...•....•.•..........•...• 135°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTE RISTICS 
Unless otherwise specified VDD1=12V±10%, Vcc=SV±10%, Rcr=120Q±S%, Iw=4SmA, O°C",TA",70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

DC OPERATING CHARACTERISTICS 

POWER SUPPLY 

lee Vee Supply Current Read or Idle Mode 25 mA 

Write Mode 25 mA 

100 Voo Supply Current Read Mode 48 mA 

Write Mode 25+lw mA 

Idle Mode 20 mA 

Po Power Dissipation Read Mode .770 mW 

Write Mode Iw = 50 mA 830 mW 

Write Mode Iw= SOmA, 1125 mW 
Rcr-OQ 

Idle Mode 400 mW 

DIGITAL INPUTS (CS, R/W. HS WDI) , , 
VIH High Voltage 2 Voe 

VIL Low Voltage 0.8 V~ 
IIH High Current VIH=2.0V 100 ,..A 

IlL Low Cu rrent Vll=0.8V -0.4 rnA 

WUSOUTPUT 

VOl Output Low Voltage 1m = 8 rnA (Safe) VDC 

IOH Output High Current VoH =5V (Unsafe) ,..A 

CENTER TAP VOLTAGES 

Vcr Read Mode Read Mode Voe 

Vcr Write Mode Write Mode Voe 

'Micro Linear 5-15 
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ML501, ML501R,ML502, ML502R, ML502S 

ELECTRICAL CHARACTERISTICS (C:o~tinued) ,'" 
Unless otherwise specified Vool=12V±10%, Vcc=eSV±10%, Rcr=12()Q±S%, Iw=4SmA, LH=,lOj.lH (MLS01, MLS01R), 
LH=600nH (MLS02, MLS02R, MLS02S), Ro=7S0Q (MLS01), fOATA=SMHz, CL (RDX, RDY)~20pF, O°C~TA~70°C 
(Notes 2 and 3) (VIN is referenced to VCT for Read Mode Characteristics). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 

IWR Write Cu rrent Range Iw-KIRwc 10 50 mA 

K Write Cu rrent Constant 129 151 V 

VHO Differential Head Voltage Swing 7.5 VPK 

IHU Unselected Head Transient 2 mApK 
Current 

Coo Differential Output Capacitance 15 pF 

Roo Differential Output Resistance ML501, ML502 ,10k Q 

TJ-25°C ML501R, ML502S/ML502R 560/180 940/300 Q 

fwol WDI Transition Frequency WUS-Low 250 kHz 

AI 1Wl= to Head Current Gain 20 AlA 

IL Unselected Head Leakage Sum of X & Y Side Leakage Current 85 ,.A 

READ MODE CHARACTI;RISTICS 
Av Differential Voltage Gain VIN=lmVp_p@3OOkHz, 90 120 V!V 

RL (RDX, ROY) = 1 kQ 

DR Dynamic Range , DC Input Voltage (VI) Where Gain Falls 10%, -3 +3 mV 
VIN = VI +0.5 mVp_p@ 300 kHz 

BW Bandwidth (-3dB) IZsl<5Q,VIN=1 mVp_p ,30 MHz 

elN Input Noise Voltage BW=15MHz, LH=O, RH=O 1.5 nV/-..[Hz 

CIN Differential Input Capacitance f=5MHz 23 pF 

RIN Differential Input Resistance f-SMHz, TJ=25°C MLS01, ML502 2k Q 

ViN=6mVp_p ML501R, ML502S/ML502R 530/180 790/300 , Q 

liN Input Bias Current (lside) , 

100 ,.A 
CMRR Common-Mode Rejection Ratio VCM=VCT+l00mVp_p@f-5MHz 50 dB 

PSRR Power Supply Rejection Ratio loomVp_p@5MHzonVool" VDo2, orVcc 45 dB 

CS Channel Separation Unselected Channels: 45 dB 
VIN = 100 mV p_p @ 5 MHz 
and Selected Channel: 
VIN=OmVp_p 

Yos Output Offset Voltage -480 +480 mV 

YOCM Common-Mode, Output VoltagE Read Mode 5 7 V 

Write or Idle Mode 4.3 V 

RoUT Single-Ended Output Resistance f=5MHz 30 Q 

RL External Resistive Load PerSidetoGND 100 Q 
(AC Coupled to Output) 

IL Leakage Current, RDX, ROY 3Y«RDX, ROY)<8Y'Writeor Idle,Mode -50 50 ,.A 

Zo Center lap Output Impedance OMHi<f<5MHz 150 Q 

10 Output Cu rrent AC Coupled Load, RDX to ROY 2 mA 
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~L501,~L501R,~L502,~L502R,~L502S 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDD1=12V±1O%, Vcc=SV±10%, Rcr=120Q ±S%, Iw=4SmA, LH=lOI-lH (MLS01, MLS01R), 
LH = 600 nH (MLSOi, MLS02R, MLS02S), RD = 7S0Q (MLS01), fDATA = 5 MHz, O°C<!o; TA <!o; 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER I CONDITIONS I MIN I TYP I MAX UNITS 

SWITCHING CHARACTERISTICS 

tRW R/W to Write Switching Delay To 90% of Write Current Output 600 ns 

tWR R/W to Read Switching Delay To 90% of 100 mY, 10MHz Read Signal 600 ns 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of 600 .ns 
or 100 mY, 10MHz Read Signal Envelope 
tlR 

tWI CS to Unselect Switching Delay To 90% Decay of 100 mY, 10MHz Read 600 ns 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90% of 100 mY, lOMHz Read Signal 600 ns 
Envelope 

tDl Safe to Unsafe Iw -50mA 1.6 8 us 
Write Unsafe Delay 

tD2 Unsafe to Safe Iw -20mA 1 us 
Write Unsafe Delay 

tD3 Prop. Delay Head Current LH-O, RH=O From 50% points 25 40 ns 

tD3 Asymmetry Head Current WDI has 50% Duty Cycle and 1 nS Rise/ Fall 2 ns 
Time 

Rise/Fall Head Current ·10% and 90% Points .20 ns .. 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. II 
Note 3: Maximum junction temperature (TJl should not exceed 135°C. ~ 

TIMING DIAGRAM 

WDI 

WUS 

HEAD 
CURRENT 

IX,IY 

Write Mode Timing Diagram 
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Ml501,Ml501R, Ml502; ML502R,; ML502S 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the MLSOl, MlS02 functions as,a read 
amplifier when in the Read mode, or as a write current 
switch when in the Write mode. Pins HSO, HSl and HS2 
determine head selection while pin R/W controls the Read / 
Write mode. A detected "write-unsafe'; condition isindi
cated by pin WUS. 

, READMOOE 
When the MLSOl, MLS02 is in the Read Mode,,it operatesas 
a low~noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop is set and both the write 
unsafe detector and the write current source are deactivated. 
The center tap voltage is also lowered. Pins RDX and RDY 
provide differential emitter follower, outputs which are in 
phase with the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 
The MLS01, 'MLS02 operates as a write-current switch when 
in the Write mode: Write current magnitUde is determined by 
the following relationship: 

Iw = K/Rwc 

Where: K - Write Current Constant 

Rwc = Resistance connected between pin WC and 
GND. 

The head current is toggled between the X and Y side of the 
selected head bya negative transition on WDI (Write Data 
Input). When switching the MLS01, MLS02 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to pass write 
current through the X-side of the head. ' 

The MLS01, MLS02 exhibit enhanced write current stability, 
compared to similar read /write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disapling function. 

The WLJS ,(Write Unsafe) pin is an oPen collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected ' 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The MLS02, MLS02R, MLS02S differ from the MLS01, 
ML50lR by having write unsafe detect circuitry that is de
signed to operate with lower amplitude write pulse voltages, 
which result from the lower head inductance of thin film or 
composite heads. 

Table 1. 

HS2 
" ,0 

0 

0 

0 

1 

1 

1 

1 
, 

Table 2. 

CS 

0 

0 

1 

_Micro Linear 

, 

Head Select 

HS1 HSO 

0 '0 

0 '1 

1 Q 

1 1 

0 0 

0 1 

1 0 

1 1 

o = logic Level low 
1 - Logic Level High, 
X = Don't Care 

Mode Select 

R/W 

0 

1 

X 

o - Logic Level low 
1 = Logic Level High 
X = Don't Care 

HEAD 
,0 

1 " 

2 
3 

4 

5 

6 

7 

MODE 

Write 

Read 

Idle 



TYPICAL APPLICATION 

NarES: 
1. RCT is optional and is used to limit internal power dissipation 

(Otherwise connect V DO 1 to V Dol). 

RCT (1/2 Watt) = 120 (SO/lw) ohms 
where Iw = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY load capacitance 20pF maximum. ROX and ROY 
output current must be limited to l00llA. 

4. Damping resistors not required on ML501R or MLS02R. 

ML501, ML501R, ML502, ML502R, ML502S 

+5V +12V 
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ML501, ML501R;·.ML502,ML502RfML502S 

ORDERING INFORMATION 

NUMBER OF TRANSDUCER 
PART NUMBER PACKAGE CHANNELS HEAD TYPE 

MLS01-6CP 28-Lead Molded DIP (P2B) 6 
MLS01-6CQ 28-Lead PCC (Q78) 6 
MLS01'6CS 28-Lead SOIC (528) 6 

Ferrite Heads 
MLS01.-8CP 40-Lead Molded DIP (P40) 8 
MLS01-8CQ 44-Lead pce (Q44) 8 
MLS01-8CS' 32-Lead SOIC (532) 8 

MLS01R-6CP 28-Lead Molded DIP (P28) 6 
MLS01R-6CQ 28-Lead PCC(Q28) 6 
MLS01R-6CS 28-Lead SOIC (S28) . 6 

Ferrite Heads 
MLS01R-8CP 40-Lead Molded DIP (P40) 8 
MLS01R-8CQ 44-Lead PCC (Q44) 8 
MLS01 R-8CS' 32-Lead SOIC (S32) 8 

MLS02-6CP 2B-Lead Molded DIP (P2B) 6 
MLS02-6CQ 28-Lead PCC (Q28) 6 
MLS02-6CS 28-Lead SOIC(S28) 6 Thin Film or 
MLS02-8CP 40-Lead Molded DIP (P40) 8 Composite Heads 
MLS02-8CQ 44-Lead PCC (Q44) 8 
MLS02-8CS* 32-Lead SOIC (S32) 8 

MLS02R-6CP 28-Lead Molded DIP (P28) 6 
MLS02R-6CQ 28-Lead PCC (Q28) 6 
MLS02R-6CS 28-LeadSOIC (528) 6 

Thin Film or 
MLS02R-7CQ 28-Lead pce (Q28) 7 

Composite Heads 
MLS02R-8CP 40-Lead Molded DIP (P40) 8 
MLS02R-8CQ 44-Lead PCC (Q44) 8 
MLS02R-8CS·· 32-Lead SOIC (S32) 8 

ML502S-6CQ 28-Lead pce (Q28) 6 
Thin Film or 

MLS02S-7CQ 28-Lead PCC (Q28) 7 
Composite Heads 

MLS02S-8CQ 44-Lead pec (Q44) 8 

• This package is available as a special 'order only. 
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GENERAL DESCRIPTION 
The MLSll is a bipolar monolithic read/write circuit designed 
for use with center-tapped ferrite recording heads. The 
ML511 and ML511R are performance upgrades from the 
MLS01 and MLS01R. The R designation in the part number 
indicates that this part has internal head damping resistors. 

The MLSll provides up to eight multiplexed read/write data 
channels. These circuits exhibit features not found in similar 
read/write circuits such as improved write current stability 
and the elimination of write current "glitches" during power
up. The MLSll also provides a low noise read data path, and 
data protection circuitry for all of the channels. 

BLOCK DIAGRAM 

Vee VDDl GND 

r l 
R/W 

MODE 
SHEa 

Cs 

RDX 

RDY 

WDI 

HSO 
HSt' 
HS2 

April 1989 
PRELIMINARY 

ML511, ML511 R-Series 
4, 6, 7, or 8-Channel Ferrite 

Read/Write Circuits 

FEATURES 
• Enhanced write current stability 
• ML511, ML511R is replacement for 551 32R511 / 511R and 

is designed for center-tapped ferrite heads 
• Single or multi-platter Winchester drives 
• Easily multiplexed for larger systems 
• Power supply fault protection 
.1.5 nV / \/"RZ maximum input noise voltage 
• TIL compatible control signals 
• Programmable write current source 
• Includes write unsafe detection 
• Available in a selection of packages 
• +5V, +12V power supplies 

wus 

HOX 

HOY 

HIX 

H1Y 

H2X 

H2Y 

H3X 

H3Y 

H4X 

H4Y 

HSX 

HSY 

H6X 

H6Y 

H7X 
wc 

H7Y 
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ML511,ML511R 

PIN' CQNN'EtTIONS 

ML511-6 ()~ ML511R-6 
6C~nnE!ls, 

ML511-8 OR ML511R-8 
8Chan~ls 

l8-PIN DtPANO.SOIC. 32·PIN sole 

HOX 

NC HOY 

cs H1X 

R/W HlY 

We H2X 

ROY H2Y 

RDX H)X 

HS4) H'Y 

list H4X 

HS2 
.H4Y 

Vee 
H" 

W,?I 
H5Y 

Vcr WU' 
H6X 

Voot 
H6Y 

H7X 

H7Y 

ML511-6 OR ML511R-6 
6 Channels 

ML511R-7CS 
28-Lead SOIC 

28-PIN pee 28·PINS01C 

HIX HOX NC 
HOX 

HlY I HOY I GND I cs HOY 

4 ] 2 1 28 27 26 HlX 

H'Y 

H2X 

H2Y 

HlX 

H'Y 

H4X 

H4Y 

1213141516 1718 HSl< 

H5Y 
H5Y I Voo2 I wu, I Vee 

Vcr Voo1 WDI H6X 

TOP VIEW H6Y 

PIN DESCRIPTION 
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NAME 

HSO-HS2 

CS 

R/W 

WUS 

WDI 

HOX-H7X 
HOY-H7Y 

FUNCTION 

Head Select <eight heads) 
Chip Select (low level enables 
chip) 

Read/Write (high level selects 
Read mode) 
Write Unsafe, open collecter out~ 
put (high level indicates an unsafe 
writing condition) 

Write Data In (negative transition 
toggles head current direction) 

X head connections 
Y head connections 

ML511-8 OR ML511R-8 
8ChanneJs 

4O·PIN DIP 

ML511-8 OR ML511R-8 
8ChitnneJs 

44-PIN pce 

H1X NC HOX NC NC 
HlY I NC I HOV IGND I cs I NC 

J:ilX 7 NC 

R/W 

we 
RDY 

RDX 

HS4) 

HS1 

H52 

H7Y 

GND 

R/W 

we 
ROY 

RDX 

HS4) 

HS1 

HS2 

Vee 

WD' 

wu, 

VD01 

VOD2 

Vcr 

HS1 

H52 

"H£tY 

WU, 
NC 

NC 

Voot 

Voo2 

Vcr 

ML511R-7CQ 
28-Lead PCC 

28-PIN Pee 

H1X HOX R/W 
HtV I HOY I GND I we 

4 3 2 1 28 27 26 

12 13 14 15 16 17 18 

25 ROY 

24 ROX 

21 HSO 

22 HSl 

·21 H52 

20 Vee 

I'l WD. 

VCT Voo1 

TOP VIEW 

WD, 

wu, 

ML511-4 OR ML511R-4 
4ChanneJs. 

24.P.lNSqIC 

GND NC 

N(: cs 
HOX R/W 

HOY we 
HIX ROY 

H1Y RDX 

H2X HS4) 

H2Y HS1 

H,X Va: 

H3Y WDI 

Vcr wu, 

HSY r H6Y·l'VoD2 I WUS 
VO.,:! VDO' 

H6X Vcr VODl 

TOP VIEW 

NAME 

RDX, RDY 

WC. 

Vee 
Voo1 
Voo2 
GND 

FUNCTION 

X, Y Read Data (differential read 
signal out) . 

Write Current (used to set the write 
current magnitude) 
Voltage Center Tap (center tap 
voltage source) 
+5 vdlts 
+12 volts 
Positive supply for center tap 
Ground 



ML511, ML511R 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range Supply Voltage 
Vool ................................. -0.3to14Voc Vool ..................................... 12V±10% 
Voo2 ................................. -0.3 to 14Voc Vcc ............... : ...................... SV±10% 
Vcc ................................... -0.3t06Voc Head Inductance 

Input Voltage Range 
Digital Inputs (G, R/'i/il, HS, WDn ..... -0.3 to Vcc +0.3Voc 

LH, MLSll or MLSllR ......................... S to lSj.lH 
Damping Resistor (Ro, ML511 only) ............. SOO to 2000Q 

Head Ports (HOX-H7X, HOY-H7Y .... -0.3 to Vool +0.3Voc RCT Resistor (1/4 Watt) ......................... 120Q ±5% 
WriteUnsafe(WUS) ...................... -0.3to14Voc Write Current (iw) ............................ 10 to 40 rnA 

WriteCurrent(lw) ................................ 60mA 
Output Current 

Read Data (RDX, ROY) ......................... -lOrnA 
Center Tap Current (ICT) ........................ - 60 rnA 
Write Unsafe (WUS) ..........•.............•.... 12 rnA 

Storage Temperature .........•............ -6SoC to lS0°C 
Junction Temperature (fJ) .......................... 13S0C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified VDD1=VDD2=12V ±10%, Vcc=5V ±10%, Rcr=120Q ±5%, Iw=40mA, O°C<EtTA ~ 70°C 
(Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN lYP MAX UNITS 

DCOPERATING CHARACTERISTICS 

POWER SUPPLY 

ICC Vcc Supply Current Read or Idle Mode 35 rnA 

Write Mode 30 rnA 

100 Voo Supply Current Read Mode 3S rnA 

Write Mode 20+lw rnA 

Idle Mode 20 rnA 

Po Power Dissipation Read Mode 655 mW 

Write Mode Iw=40mA, 960 mW 
Rcr-OQ 

Idle Mode 455 mW 
-

DIGITAL INPUTS (CS R/W. HS WDI) , , , 
VIH High Voltage 2 Voc 

Vll Low Voltage 0.8 Voc 

IIH High Current VIH=2.0V 100 j.tA 

III Low Current Vll -0.8V -0.4 rnA 

WUSOUTPUT 

VOL Output Low Voltage IOL = 8 rnA (Safe) Voc 

IOH Output High Current VOH-SV (Unsafe) j.tA 

CENTER TAP VOLTAGES 

VCT Read Mode Read Mode Voc 

VCT Write Mode Write Mode Voc 
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Ml511,Ml511R . 
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ELECTRiCAL CHARACTERISTICS (Cohtinued) 
UnlessotherwisespecifiedVDD1=12V±10%, Vcc=5V±10%, RCT=120Q±5%, Iw=35mA, LH=10",H, RD=750Q(ML511), 
fDATA =5MHz, CL (RDX, RDY)", 20pF, O°C",TA'" 70°C (Notes 2 and 3) (VIN is referenced to VCT for Read Mode Characteristics). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 
IHCW Head Current (per side) Write Mode -200 200 ",A 

Q';;Vcc ';;3.7V 
0';; VDD1';;8.7V 

IWR Write Current Range Iw=KIRwe 10 40 mA .. 
K Write Current Constant 2.375 2.625 

VHD Differential Head Voltage Swing 7.0 VPK 

IHU Unselected Head Transient 2 mApK 
Current 

COD Differential Output Capacitance 15 pF 

ROD Differential Output Resistance ML511 10k Q 
TJ=25°C ML511R 600 960 Q 

fWDI WDI Transition Frequency WUS=Low 250 kHz 

AI Iwe to Head Current Gain 0.99 mA/mA 

IL U nselected Head Leakage Sum of X & Y Side Leakage Current 85 iJ.A 
READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN -1mVp.p@300kHz; 85 115 VIV 
RL (RDX, ROY) = 1 kQ ",_. 

DR Dynamic Range DC Input Voltage M) Where Gain Falls 10%, -3 +3 mY. 
VIN = VI +0.5 mVp.p@ 300 kHz 

BW Bandwidth (-3dB) IZsl<5Q,VIN =1 mVp.p 30 MHz 

elN Input Noise Voltage BW=15MHz, LH=O, RH=O 1.5 nV/\lHz 

CIN Differential Input Capacitance f=5MHz 20 pF 

RIN Differential Input Resistance f=5MHz, TJ=25°C ML511 2k Q 

VIN .; 6 mV p.p ML511 R 460 860 Q 

IHCR Head Current (per side) Read or Idle Mode -200 200 iJ.A 
0';;Vcc ';;5.5V 
0';;Voo1';;13.2V 

liN Input Bias Current (1 side) 45 iJ.A 
CMRR Common-Mode Rejection Ratio VCM=VCT+100mVp.p@f=5MHz 50 "" dB 

PSRR Power Supply Rejection Ratio lOOmVp.p@5MHionVool, Voo2, or VCC "45 dB 

CS Channel Separation Unselected Channels: 45 dB 
VIN .. 100mVp.p@5MHz 
and Selected Channel: 
VIN-OmVp.p 

Vas Output Offset Voltage Read Mode -460 +460 mV 

Write or Idle Mode -20 +20,. mV 

VOCM Common-MOde Output Voltage Read Mode 4.5 6.5 V ,. 

Write or Idle Mode 5.3 V 

RoUT Single-Ended Output Resistance f-5MHz 30" .. Q 

IL Leakage Current, RDX, ROY (RDX, ROY) ':'6V Write or Idle Mode -100 100 ",A 

ia Output Current AC Coupled Load, RDX to ROY ±2.1 mA 
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ML511, ML511R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified VDD1~12V ±10%, Vcc~5V±10%, RCT~120Q ±5%, Iw~35mA, LH~lOIlH, RD~750Q (ML511), 
fDATA ~5MHz, O°C";TA"; 70°C (Notes 2 and 3). 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX I UNITS 

SWITCHING CHARACTERISTICS 

tRW R/W to Write Switching Delay To 90% of Write Current Output 1 I-'s 

tWR R/W to Read Switching Delay To 90% of 100 mY, 10MHz Read Signal 1 I-'s 
Envelope or to 90% Decay of 
Write Current 

tlW CS to Select Switching Delay To 90% of Write Current or to 90% of 1 I-'s 
or 100mY, 10MHz Read Signal Envelope 
tlR 

tWI CS to Unselect Switching Delay To 90% Decay of 100 mY, 10MHz Read 1 I-'s 
or Signal Envelope or to 90% Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90% of 100 mY, 10MHz Read Signal 1 I-'s 
Envelope 

tD1 Safe to Unsafe Iw~35mA 1.6 8 us 
Write Unsafe Delay 

tD2 Unsafe to Safe Iw~35mA 1 us 
Write Unsafe Delay 

tD3 Prop. Delay Head Current LH~O, RH~O From 50% points 25 ns 

Asymmetry Head Current WDI has 50% Duty Cycle and 1 nS Rise/Fall 2 ns 
Time 

Rise/Fall Head Current 10% and 90% Points 20 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (TJ) should not exceed 135°C. 

TIMING DIAGRAM 

WDI 

WUS 

HEAD 
CURRENT 

IX,IV 

Write Mode Timing Diagram 
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Mt511;ML511R 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the ML511 functions as a read ampli
fier when in the Read mode, ot as a write current switch 
when in the Write mode. Pins HSO, HSl and HS2 determine 
head selection while pin R/W controls the Read /Write 
mode. A detected "write-unsafe" condition is indicated by 
pinWUS. 

READ MODE 
When the ML511 is in the Read Mode,it operates as a low
noise differential amplifier on the selected channel. In Read 
mode the write data flip-flop is set and both the write urisafe 
detector and the write current source are deactivated. The 
center tap voltage is also lowered. Pins RDX and RDY provide 
differential emitter follower outputs which are in phase with 
the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 
The ML511 operates as a write-current switch when in the 
Write mode. Write current magnitude is determined by the 
following relationship: 

Iw - K/Rwc 
Where: K = Write Current Constant 

Rwc = Resistance connected betWeen pin WC and 
GND. 

The head current is toggled betWeen the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML511 to write mode,the WDFF 
(Write Data Flip-Flop) is initialized to pass write current 
through the X-side ofthe head. 

The ML511, ML511R exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read/write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML511 also offers a voltage fault detection circuit that 
prevents write current during power-loss or power-up. 
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Table 1. 

HS2 

0 

0 

0 

0 

1 

1 

1 

1 

Table 2. 

CS 

0 

0 

1 

Head Select . 

HS1 HSO 

0 0 

0 .1 

1 0, 

1 ,1 

0 0 

0 1 

1 0 

1 1 

o = Logic Level Low 
1 = Logic Level High 
X = Don't Care 

Mode Select 

R/W 

0 

1 

X 

o = Logic Level Low 
1 - Logic Level High 
X ,= Don't Care 

I 
J 
r 
I 

HEAD 

0 

1 , 

2 

3 

4 

5 

6 

7 

MO'oE 

Write 

Read 

Idle 



TYPICAL APPLICATION 

+5V +12V 

2K RCT(1) 

Vee 

r.M:1:C:R~O:P:RO=C:ES:S:O:R]...-J.-~ WUS 

AND 1------1 R/W 
CONTROL LOGIC cs 

'---------1'"1 HSO 

'----------1'"1 HS1 

'----------;1'"1 HS2 

WRITE DATA INPUT --------0'"1 WDI 

READ DATA OUTPUT 

NOrES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect V DO 1 tn Von2). 
RCT (1/2 Watt) = 120 (40/lw) ohms 
where Iw = Write Current, in rnA 

2. Ferrite bead optional: used to suppress write current O\Iershoot 
and ringing. Recommend Ferroxcube365906S/4A6. 

3. RDX and ROY load capacitance 20pF maximum. RDX and ROY 
output current must be limited to 1OO,.A. 

4. Damping resistors not required on ML511R. 

RDX 

RDY 

VDDl VOD2 

MLSn/sllR 
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(2) 

HO 

H1 

H2 

H3 

READ/WRITE 
HEADS 

H4 

H5 

H& 

H7 
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NU.511, ML511 R 

ORDERING INFORMATION 

PART NUMBER PACKAGE 

ML511-4CS 24-Lead SOIC (524) 
ML511R-4CS 24-Lead SOIC (524) 

MLS11-6CP 28-Lead Molded DIP (P28) 
ML511R-6CP 28-Lead Molded DIP (P28) 
ML511-6CQ 28-Lead PCC (Q28) 
ML511R-6CQ 28-Lead PCC (Q28) 
ML511-6CS 28-Lead SOIC (528) 
ML511R-6CS 28-Lead SOIC (528) 

MLS11R-7CS 28-Lead sOle (528) 
ML511R-7CQ 28-Lead PCC (Q28) 

ML511-8CP 40-Lead Molded DIP (P40) 
MLS11R-8CP 40-Lead Molded DIP (P40) 
ML511-8CQ 44-Lead PCC (Q44) 
ML511R-8CQ 44-Lead PCC (Q44) 
MLS11-8CS 32-Lead SOIC (532) 
ML511R-8CS 32-Lead SOIC (532) 

THERMAL CHARAaERISTICS 

PIN COUNT 

24-Lead 
28-Lead 
28-Lead 
28-Lead 
32-Lead 
44-Lead 
4O-Lead 

PACKAGE 

SOIC 
PDIP 
pcc 
SOIC 
SOIC 
pcc 
PDIP 

'·Micro Lin~'" 

NUMBER OF CHANNELS 

4 
4 

6 
6 
6 
6 
6 
6 

7 
7 

8 
8 
8 
8 
8 
8 

8ja 

75°C/W 
55°C/W 
65°C/W 
70°C/W 
60°C/W 
60°C/W 
45°C/W 
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GENERAL DESCRIPTION 
The ML541 is a monolithic bipolar integrated circuit for use in 
a disk drive system to detect analog pulse peaks generated by 
the recording head during a Read operation. Connected to 
the read/write amplifier output, it detects valid data and 
provides a TIL output to the data separator for further proc
essing. It contains both analog and digital circuitry and sup
ports the reading of MFM and RLL encoded data at rates up 
to 15 megabits/second. 

The primary functional blocks within the device include an 
AGC amplifier, a level detector, a slope detector, and output 
logic. Operating modes Read, Write, and Hold are selectable 
with input logic signals. Read mode is used for pulse peak 
detection during a Read operation. Write mode disables the 
device's ouput during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali
dation and peak time detection is acheived. The ML541 per
formance can be adjusted to fit particular needs through 
external component selection. 

The ML541 is available both in a 24-pin PDIP and 28-pin 
PCe. 

SIMPLIFIED BLOCK DIAGRAM 

I 
I 
L _____ _ 

ML541 

Read Data Processor 

FEATURES 
• Second source for SSI 541 
• Data rates up to 15 megabits/ second 
• Supports MFM and RLL encoded read data 
• 25 MHz wide-bandwidth AGC amplifier 
• Fast AGC region for fast transient recover 
• Slow AGe region for minimum zero crossing distortion 
• Write to read transient suppression 
• Supports embedded servo decoding 
• +5V, +12Vpowersupplies 

DIF+ 

----M-L54-1 1 
r------, I 

RD 

THRESHOLD 

--------' 
HYS 

'Micro Linear 5-29 

II 



ML541 

PIN CONNECTIONS 

24-Pin DIP and'SOIC Package 

DIF- CIN+ 

DIF+ DIJ:u 

HYS CI~_ 

LEVEL DIN_ 

AGC OUT-, 

11'1+ OUT + 

11'1- ACND 

HOLDB BYP 

VI?D DGND 

CaUT DoUT 

R/WB RD" 

OS Vee 

TOP VIEW 

PI N DESCRI PTION 
NAME 

Vee 
VDD 

AGND 
DGND 
R/WB 

IN+,IN
OUT+,OUT

BYP 

HOLDB 

AGC 

FUNalON 

+5V 
+12V 
Analog Ground. 
Digital Ground. 
TTL compatible Read/Write Control 
pin. 
Analog Signal Input pins 
AGC Amplifier Output pins 
TheAGC timing capacitor CAGe is 
tied between this pin and AGND. 
TTL compatible pin thatholds the' 
AGC gain when pulled low. 
Reference input voltage level for the 
AGCcircuit. 
Analog input to the hysteresis com-
parator. ' 

TABLE 1 MODE SELEa 

R/WB HOLDB, MODE 

LEVEL 

ACC 

IN+ 

IN-

HOLDB 

VDD 

CaUT 

NAME 

DESCRIPTION, 

HYS 

LEVEL 

DOUT 

COUT 

OS 

RD 

28-Pin PCC Package 

NC 

4321282726 

12 11 14 1516 '17' 18 

FUNalON 

NC 

DIN

OUT

OUT+ 

ACND 

'IIYP 

DGND 

Input for setting hysteresis level of the 
hysteresis comparator. 
Provides rectified signal level for input 
totne hysteresis comparator. 
Buffered test point for monitoring D 
input of the flip-flop. 
Analog input to the differentiator. 
External differentiating network con
nection pins. 
Buffered test point for monitoring the 
clock input to the flip-flop. 
Connection for read output pulse 
width setting capacitor Cos. 

, TTL compatible read output. 

1, 1 READ AGe amp Section active, Digital section active. 

1 0 HOLD 

0 X WRITE 

5-30 

AGe gain constant, Digital-section active. 

AGe gain maximum, Digital section inactive, 
Input common mode resistance reduced. 

'Micro., Linear". 

o - logic level low 
1 - logic level high 
X - Don't care 



ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Power Supply Voltage Range 
Vcc ................................... -0.3 to 6Voc 
VDD ...........•...................... -0.3toI4Voc 

Terminal Voltage Range 
R/WB, IN+, IN-, HOLDB ........... -O.3VtoVcc +O.3V 
RD ..................... ·-0.3VtoVcc+0.3Vor+12mA 
Allothers ......................... -O.3VtoVDD +O.3V 

Storage Temperature Range ...........•.... -6S 0 Cto +IS0°C 
Junction Temperature (TJ) ......................... + 135°C 
Lead Temperature (Soldering, 10sec) .................. 260°C 

ELECTRICAL CHARACTERISTICS 

ML541 

OPERATING CONDITIONS 
Supply Voltage 

Vcc .......................•..•........... 5V±10% 
VDD ..................................... 12V±10% 

V(CIN+-CIN_)' V(DINVDIN_) ...............•........ lVp.p 
VHYS ........................................... 1.0V 
Cos ...................................... 50 to 200 pF 
Typical Component Values (Refer to Typical Applications) 

CIN ........................................ O.ool"F 
Cs ........................................... O.01"F 
CoUT •......•••......................•.... 0.0047 "F 
RoUT ..•....•........•..............•.•.••.•• 400Q 
CAGC1 ....................................... 220pF 
CAGC2 ...................................... 2000pF 
RAGC ....................................... 2.21 kQ 
ClEVEL ....................................... 150 pF 
RlEVEll ...•..•.•..................•.. , .....•• I.S4kQ 
RlEVEl2 ..................................... 6.49 kQ 
Cos .............................•............ SOpF 

The following specifications apply over the recommended operating conditions of Vee = 5 V ±.10%, V DD = 12 V ± 10%, 
Ooe<TA <70oe and extemal components as specified under recommended operating conditions unless otherwise specified. 
(See Note 2.) 

SYMBOL PARAMETER CONDITIONS 

DC Characteristics 

Icc vcc Supply Current Outputs unloaded 

IDD VDD Supply Current Outputs unloaded 

PD Power Dissipation Outputs unloaded, 
TA=70°C 

Digital Inputs Characteristics (HOLDB, R/WB) 

VIH High Voltage 

Vil Low Voltage 

IIH High Current VIH=2.4V 

III Low Current Vil =O.4V 

Digital Outputs Characteristics (CoUT, RD) 

VOl Output Low Voltage 1m ~ 4 rnA 

VOH Output High Voltage IOH -4oo/lA 

WRITE AND HOLD MODE CHARACTERISTICS 

Mode Control' 

tRW 

tWR 

tRH 

Write Mode 

Read to Write 
Transition Time 

Write to Read Transition Time 

Read to Hold Transition Time 

Common Mode Input 
Impedance (both sides) 

AGC settling not included, 
time to high input resistance 

R!WB pin = low 

'-Micro Linear 

UNITS 

14 rnA 

70 rnA 

930 mW 

2 V 

0.8 V 

100 "A 
-0.4 rnA 

V 

V 

1 lis 

1.2 3 lis 

1 liS 

Q 
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ELECTRICAL CHARACTE RISTICS(Continued) 
The following specifications apply over the recommended operating conditions of V cc = 5 V ± 10%, V DD = 12 V ± 10%, 
O°C,"TA'" 70°C, IN + and IN- AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<lOpFtoGND, CBYP=2000pF, OUT +and OUT - AC coupled to DIN+and DIN_ respectively, VAGc=2.2Vunlessbtherwise 
specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS UNITS" 

READ MODE CHARACTERISICS 

AGCAmplifier 

RID Differential Input Resistance VIIN+- IN -)= l00mVp_p@2.5MHz 5 k,Q 

CID Differential Input Capacitance VIIN+_IN_)=I00mVp_p@2.5MHz 10 pF 

ZIC Common Mode Input RIWB pin high 1.8 kQ 
Impedance (both sides) RIWBpiniow 0.25 kQ 

AVR Gain Range lVp_p";VOUTdif><2.5Vp_p 4 83 VIV 

eN Input Noise Voltage Gain set to maximum 30 nVI v'Hz 
BW ~ilndwidth Gain set tomaxjmum, -;- 3dB,point 25 MHz 

Vop Maximum Output Voltage SetbyVAGC 3 Vp_p 
Swing , , 

100 OUT + to OUT - Pin Current No DC path ,to GND, See Note 3 ±3.2 mA 

Ra Output Resistance 20 30 Q 

Co Output Capacitance 12 pF 

VIP (DIN + - DIN _) Input Voltage 30mVp_p"; VIIN+-IN-I"; 550mVp_p, 0.48 Vp_plV 
VAGC Swing VS AGC InputLevel 1.5V";VAGC "; 3.75V 

VIP (DIN+-DIN _) Input Voltage 30mVp_p<VIIN+_IN_)<550mVp_p, +8 ,% 
"Swing Variation AGC Fixed, Over supply and temp. 

to Gain Decay Time See Figure la; VIN =300mVp_p 50 J-IS 
then >150mVp_p at 2.5MHz, 
VouT t090% of final value. 

tA -Gain Attack Time See Figure lb; from Write to Read 4 /-Is 
transition to VOUT at 110% offinal 
value, VIN =400mVp_p@2.5MHz 

IAGCfc Fast AGC Capacitor VrDIN+-DIN_)=1.6\/, VAGc=3.0V 1.5 mA 
ChargeCurrent 

IAGCsc Slow AGC Capacitor VrDIN+-DIN_I=1.6\/, VaryVAGC until 0.17 mA 
Charge Cu rrent slow discharge begins 

Fast to Slow Attack VrDIN+-DIN_) 1.25 -
Switchover Point 

VrDIN+-DIN_) Final 

IAGCD ' AGC Capacitor VrDII>I+~N_I=O.OV 
Discharge Current ReaaM e ' 4.5 IJA " .. 

Hold Mode -0.2 +0.2 IJA 
CMRR . CMRR (Input Referred) VIN+=VIN - =l00mVp_p 40 '.' dB 

@5MHz,gainatmax. 

PSRR PSRR (Input Referred) Vcc or VDD = 100 mVp_p 30 
, 

dB 
@ 5 MHz, gain at max. 

Hysteresis Comparator 

VIP Input Signal Range 1.5 Vp_p 

RID Differential Input Resistance VrDIN+_DIN_)=100mVp_p@2.5MHz 5 15 kQ 

CIO Differential Input Capacitance VrDIN+_DIN_)=100mVp_p@2.5MHz 6.0 pF 

ZIC Common Mode Input (both sides) 2.0 kQ 
Impedance 

VIO Comparator Offset Voltage HYS pin at -0.5\/, ";1.5kQacross 5 mV 
DIN +, DIN _ 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, Voo = 12 V ± 10%, 
0°C~TA~70°c.IN+ and IN- AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pFto GND, CBYP= 2000 pF, OUT + and OUT - AC coupled to DIN+ and DIN- respectively, VAGc=2.2V unless otherwise 
specified. 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX 

READ MODE CHARACTERISICS (Continued) 

Hysteresis Comparator (Continued) 

VHYsP Peak Hysteresis Voltage vs HYS lV<VHys<3V 0.21 
VHYS pin voltage (input referred) 

II HYS Pin Input Current 1V<VHYS<3V 0 -20 

10 LEVEL Pin Max Output Current 3 

Ro LEVEL Pin Output Resistance ILEVEL =0.5 mA 180 

VOL DOUl Pin Output low Voltage TA =70°C Voo-4.0 Voo-2.5 

VOH DOUl Pin Output High Voltage TA =70°C Voo -2.2 Voo,1.5 

VOL DOUl Pin Output low Voltage TA =25°C 'Voo-4.0 Voo-2.8 

VOH DOUl Pin Output High Voltage TA =25°C Voo -2.5 Voo-1.6 

Active Differentiator 

VIP Input Signal Range 1.5 

RIO Differential Input Resistance V(CIN+_CIN_)=100mVp_p @2.5MHz 5 15 

CIO Differential Input Capacitance V(CIN+-CIN_)= l00mVp_p @2.5MHz 6 

llc Common Mode Input (both sides) 2.0 
Impedance 

100 DIF+ to DIF _ Pin Current Differentiator Imped must be set so as ±1.3 
, not to clip signal at this current level 

VIO Comparator Offset Voltage DIF +, DIF - ACCoupled 5 

VOL CaUl Pin Output low Voltage 0":; 10H":; 0.5 mA Voo-3 

Vpo COUl Pin Output Pulse Voltage 0":; IOH":;0.5mA 0.4 

PWo CaUl Pin Output Pulse Width 0":; 10H":; 0.5 mA 30 

The following specifications apply overthe recommended operating conditions of Vcc = 5 V ± 10%, Voo = 12 V ± 10%, 
O°C~TA~ 70°C, V(CIN+-CIN_)=V(0IN+-0IN_)=1.0Vp_p AC coupled sine wave at 2.5MHz, RolF =lOOQ, COIF=65 pF, VHYS = 1.8\1, 
Cos =60pF, 4kQto Vcc and 10pFtoGND on pin RD unless otherwise specified. ' 

Output Data Characteristics (Refer to Figure 2) 

tDl D-Flip-Flop Set Up Time Min delay from V(OINrOIN_) 0 

exceeding threshold to V(OIF+-OIF_) 
reaching a peak. , 

tm Propagation Delay 110 

tos Output Data Pulse Width TA =25°C, Vcc=5\1, Voo=12V ±15"1o 

tos Output Data Pulse Width Cos=60pF, See Note 4 30 80 
Variation 

tm-t04 Logic Skew (Pulse Pairing) 3 

tR Output Rise Time VOH=2.4V 18 

tF Output Fall Time VOL -O.4V 14 

UNITS 

VIV 

,.A-
mA 

Q 

V 

V 

V 

V 

VP_P 

kQ 

pF 

kQ 

mA 

mV 

V 

V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note k Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100"10 testing, sampling, or correlation with worst-case test conditions. 

Note 3: AGC amplifier output current may be increased as in Figure 4. 

Note4:tos '" 770 (Cos), 50pF < Cos < 150pF. 

Note 5: Typicals are parametric norm at 25°C 
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FUNCTIONAL DESCRIPTION 
Operating Modes 
The MLS41 has three definitive operation modes which are: 
Read mode; Write mode and Hold mode. These modes are 
defined by input pins HOLDB and R/WB as shown in Table 
1.. Read mode, the mode used normally for pulse detection, is 
assumed in the following sections unless otherWise noted. 

AGC Amplifier Section 
The purpose of the AGC amplifier is to provide a constant 
read signal level for both the, level and slope deteCtors. Full 
differential processing of the readsignal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
requi~d due to 'large signa'i variation when moving the re' 
cording head from an inside to outside data track or varia-
tions in media. ' 

The differential output voltage level VOUT from the AGC amp 
is determined by voltage VAGC present at pin AGe. VOUT is 
full wave rectified and comparedagainstVAGC to create 
charge I discharge current for cafJacitor CBYP connected at 
pin BYP. Voltage VBYP across CBYP controls the gain in the 
AGC amplifier. 

Two distinct values of IBYP are possible which.determine a fast 
and slow AGC gain response attack rate. When VOUT is more 
than 125% of the set level a high value of IBYP is sourced 
which provides a,fast AGe attack rate. When VOUT is within 
100% to 125% of the set level a reduced value of IBYP is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system' 
response and then minimum zero crossing distortion of the 
analog signal once the gain is Within 'working range. VAGC 
should be set so that the differentia;! input voltage VOIN into 
the level comparator is 1 Vp_p at nominal Read signal condi
tions. The AGC amp section gain is given by: 

AY2 _ exp ..:.V-"BY"-,P,,,,2~'-_V .... BY<.!.!..PI!... 
AVI 5.8 X VT 

Where: AV1, AV2 are initial and final amplifier gain values 
corresponding to initial and final VByp values. 

VT = (Kn/Q = 26mVat room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, MLS01, etc.) differential outputs. Simi
larly, AC coupling must be used at the AGC amp outputs. 

AGCAmp During Write Mode-When the MLS4) is put into 
write mode,the AGC amp's inputimpedallce is lowered to 
allow a faster dampening of the Write to Read transient from 
the head pre-amp. The AGC gain is also set to maximum gain 
so that fast AGCattack will occur when changing back to the 
Read mode. Internal device timing is controlled so that set
tling occurs priorto Read mode activation. Minimal value 
input coupling capacitors should be chosen to reduce set
tling time, however, bandwidth requirements also need to be 
considered. 

AGe Amp During Hold Mode,-- During the Hold mode, the 
charge I discharge current drivingpin BYP is internally discon
nected. AGC compensation capacitor CAGC will then hold 
the present gain setting. The amplitude of VOUT will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will notbe adjusted 
,when embedded servo information is read. This prevents .. 
loosing the pulse peak,amplitudeinformation needed during 
pOSition decoding, or creating additional gain settling time ' 

'when again reading data. Embedded servo pu lses are. nor
mally taken at outputsDIF_ and DIF+, as shown in the typical 
application. ' 

External Filter NetwOrk 
Filtering for the level and slope detectors can be performed 
with a single filter or.two.separate filters; If separate filters are 
used, cate must be used to insure thattimedelays are 
matched. A multi.:pole Bessell filter is recommended due to . 
the group delay and linear phase characteristics. 

Level Detector 
The full wave rectified Vouris buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer
ence voltage derived from voltage V~EVEL output from pin 
LEVEL. Using V LEVEL provides a feed.forWard fu nction that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresiS value is set in 
a way that will only allow relatively large ,read pulse peaks 
(negative or positive) to be det~ed. ' 

Slope Detector 
The slope detector uses an external reactive.component 
network to produce a voltage signal proportional to the differ
ential oftheread signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. . 

An extermil reactive network, shown in theTypical Applica
tion, is used between the DIF+ and DIF:'" pins to provide the 
differential function given 9Y: 

Av = -200OCs 
LCs2 + (R + 92) Cs + 1 

Where: C = External capacitor (20 pFto 150 pF) 
'I.: = Exterrial inductor ' 
R = External resistor 
s = jw = j2nf 

Output lDgic 
The output logiC provides a negativ~ TIL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 

TYPICAL INPUT L--+-T----J'---'\----t---t-~ 
READ SIGNAL 

ML541 OUTPUT 
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Pin R!WB must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out
put timing and the level detector determines pulse validity. 

BLOCK DIAGRAM 

OUT + OUT_DIN - DIN+ CJN- CIN+ 

voo 

IN+ 

GAIN 
CONTROL -::-

IN-

Voo 

-::-

BYP 

AGND 

/ 
/ 

HOLD8 / 

AGe 

ML541 

Layout Considerations 
As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 

DIF_ DIF+ Voo 

voo 

RD 

lEVEL R/W8 HYS Dour OS 
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+VHYS -

R/WB 

AGe 
VOUT 

Figu~ 1. AGe Timing Diagram 

VOl' "'--+--\---/-:---\--+--1----' 

VC:OUT 

VOOUT 

VRO 
(READ DATA) 

r+--~ll r 
..-___ ~____:..;r-ID4 

1--4-105 

Figure 2. Output Logic Timing Diagram 
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TYPICAL APPLICATIONS 
,.-----------+ SERVO READ DATA 

Reo 

5V 

OUT + 
D,,,_ 

OUT- DIN+ CIN_ CIN+ Vee 

Voo 

E-'+-..... +-' 

Voo 

Voo 

HOLDB 

5V 
AGC LEVEL R/WB HYS DouT 

READ/WRITE 
CONTROL 

RLEVELl 

CLEVEl 

RLEVEL2 

-= 
Figure 3. Typical Application Diagram 

IN+ 

IN-

R 

IOUT+ TO IOUT- :: 4mA +J!.Y.. 
REXT. 

Figure 4. Modification of AGe Amplifier Output to Drive Low Impedance Filters 

"Micro Linear 

ML541 

12V 

cs 

~ 
Voo 

OS 

RDREAD 
DATA 

TCost 
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ORDERING INFORMATION 
PART NUMBER 

ML541CP 
ML541C] 
ML541CQ 
ML541CS 

TEMP. RANGE 

O°C to +70°C 
, O°C to + 70°C 
O°C to +70°C 
O°C to +70°C 

'Niicro Linear 

PACKAGE 

MOLDED DIP (P24) 
HERMETIC DIP (J24) 
MOLDED PCC (Q28) 
MOLDED SOIC (524) 
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GENERAL DESCRIPTION 
The Ml4041, Ml4042 is a monolithic bipolar integrated 
circuit used in disk drive systems to detect amplitude 
peaks generated by the recording heads during a Read 
operation. Connected to the read/write amplifier 
output, it detects valid data and provides a TTL output 
to the data separator., Containing both analog and 
digital circuitry, it supports the reading of MFM and Rll 
encoded data at rates up to 24 megabits/second. 

Operating modes Read, Write, and Hold are selectable with 
input logic signals. Read mode is used for pulse peak detec
tion during a Read operation. Write mode disables the 
device's output during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali
dation and peak time detection is achieved. The Ml4041, 
Ml4042 characteristics can be modified to fit particular 
needs through external component selection. The Ml4041, 
Ml4042 has a swift Write to Read recovery time of 2j.1s (10j.l5 
max) allowi ngfor better format efficiency with faster access 
times. Pulse pairing of 1 ns max reduces data decoding errors 
by allowing tighter specs for the clock recovery circuit. 

SIMPLIFIED BLOCK DIAGRAM 

I 
I L _____ _ 

ML4041, Ml4042 
Read Data Processor 

FEATURES 
• Fully compatible with industry standard read data 

processor 
• Write to Read recovery time - 2ps typical, 10ps max 
• Pulse pairing - 1ns maX 
• Data rates up to 24 megabits/second 
• Supports MFM and RLL encoded read data 
• 30MHz wide-bandwidth AGC amplifier 
• Fast AGC region for fast transient recover 
• Slow AGC region for minimum zero crossing 

distortion 
• +5V and +12V undervoltage fault detection (ML4042 

only) 
• Write to read transient suppression 
• Hold pin supports embedded servo decoding 

The Ml4042 is identical to the Ml4041 but in addition it 
includes a +5V and +12V undervoltage detector. The 
Ml4041 isavailable in a 24-pin PDIp, 24-pin SOIC, or a 28-pin 
pce, while the Ml4042 is available in a 28-pin PDIp, 28-pin 
SOIC, or a 28-pin pce. 

DIF+ 

--~41, ML:;;:;;l 

~----.I 

THRESHOLD VFLT 

I _ _____ ---1 

=-""--'WIr--+H"'\'S;':""Mr----, 'ML4042 ONLY 
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ML4041,ML4042 

. ML4041 
24-Pin DIP andSOIC Package 

' .. } 

CIN+ 

OIN+ 

CIN_ 

OUT-

OUT+ 

AGNO 

,BVP 

DGNO· 

DoUT 
iii) 

Vee 

TOP VIEW 

ML4042 
28-,Pin DIP and SOIC Package 

DIF_ 

OIF+-

.. Ne 

TOP VIEW 

CIN+ 

DIN + 

CIN

VFLY 

DIN

OUT

OUT + 

AGNO 

BYP 

LEVEL 

AGe 

IN+ 

IN'-

HOTIi 
VOD 

CaUT 

PIN DESCRIPTION 
NAME 

Vee 
VDD 

AGND 
DGND 
R/W 

IN+,IN
OUT+,OUT

BYP 

HOLD 

AGC 

FUNCTION 

+5V 
+12V 
Analog Ground. 
Digital Ground. 
TTL compatible Read/Write Control 
pin. 
Analog Signal Input pins 
AGC Amplifier Output pins 
The AGC timing capacitor CAGe is 
tied b,etweEin this.pin and AGND. 
TTL compatible pin that holds the 
AGC gain when pulled low. 
Reference input voltage level for the' 
AGCcircuit. 
Ana:Jog input t9the hysteresis 
comparator. 

NAME 

HYS 

LEVEL 

DOUT 

COUT 

as 

RD 
VFLT 

TABLE 1 MODE SELECT 

R/W HOLD MODE DESCRIPTION 

1 1 READ AGC amp section active, Digital section active. 

1 0 HOLD AGC gain constant, Digital section active. 

0 X WRITE AGCgain maximum, Digital section inactive, 
Input common mode resistance reduced. 

'-Micro Linear' 

ML4041 
28-Pin PCC Package 

HYS OIF - DIN + 
NC I 0, .. I C'N+ I C'N'_ 

4321282726 

12. 13 14 15 16 17 18 

KiWi NC I iffi IDoUT 
OS Vee NC 

TOP VIEW 

ML4042 
28-PinPCC Package' 

'HYs OIF_ DIN+ < 

NC I /0,,+ I C'N+ I C'N-

FUNCTION 

NC 

DIN_ 

OUT

OUT + 

AGNO 

BYP 

DGNO 

OUT+ 

AGNO 

BYP 

OGNO 

Input for setting hysteresis level of the 
hysteresis comparator. 
Provides rectified signal level for input 
to the hysteresis comparator. 
Buffered test point for monitoring D 
input of the flip-flop. 
Analog input to the differentiator. 
External differentiating network con-
nection pins. . 
'Buffered test ppint for monitoring the 
clock input to the flip-flop. 
Connection for read output pulse 
width setting capacitor Cos. 
TTL compatible read output. 
Undervoltage detector output, active 
low; ML4042 only: 

0 - Logic level low 
1 - Logic level high 
X - Don't care 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
(Note 1) 

Power Supply Voltage Range 
Vcc ................................... -0.3t06Voc 
Voo .................................. -0.3 to 14Voc 

Terminal Voltage Range 
R!W,IN+, IN-, HOLD .............. -0.3VtoVcc +0.3V 
RD ..................... -0.3VtoVcc +0.3 V or +12mA 
Allothers ......................... -O.3VtoVoo +0.3V 

Storage Temperature Range ................ - 6SOC to + 150°C 
JunctionTemperature {TJ) ••••.......••.•••••...••• +135°C 
Lead Temperature (Soldering, 10sec) .................. 260°C 

Supply Voltage 
Vcc ...................................... 5V±10% 
Voo ..................................... 12V±10% 

V(CIN+-CIN_)' V(OIN+-OIN_) ........................ lVp•p 
VHYS ........................................... 1.0V 
Cos ...................................... 50 to 200 pF 
Typical Component Values (Refer to Typical Applications) 

CIN ........................................ O.ool,..F 
Cs .................... , ...................... O.01,..F 
COUl ..................................... 0.0047,..F 
RoUT ........................ , ............... 4002 
CAGC1 ....................... ;................ 220 pF 
CAGC2 .......................... :........... 2000 pF 
RAGC ....................................... 2.21 k2 
CLEVEL ....................................... 150 pF 
RLEVELl ...................................... 1.54kQ 
RLEVEL2 ..................................... 6.49 kQ 
Cos ...................... ,' ................... 50pF 

ELEORICAL CHARAOERISTICS 
The following specifications apply over the recommended operating conditions of V cc ~ 5 V ± 10%, V DD ;. 12 V ± 10%, 
DoC <TA < 70°C and external components as specified under operating conditions unless otherwise specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS 

DC Characteristics 

Icc V cc Su pply Cu rrent Outputs unloaded 

100 Voo Supply Current Outputs unloaded 

Po Power Dissipation Outputs unloaded, 
TA~70°C 

Digital Inputs Characteristics (HOLD R!W) , 
VIH High Voltage 

VIL low Voltage 

IIH High Current VIH~2.4V 

IlL low Current VIL~O.4V 

Digital Outputs Characteristics (CaUl- RD) 

V m Output low Voltage 1m = 4 mA 

VOH Output High Voltage IOH =4OO,..A 

WRITE AND HOLD MODE CHARACTERISTICS 

Mode Control 

tRW 

tWR 

tRH 

Write Mode 

llC 

Read to Write 
Transition Time 

Write to Read Transition Time 

Read to Hold Transition Time 

Conimon Mode Input 
Impedance (both sides)' 

AGC settling not included, 
time to high input resistance 

R!W pin=low 

'Micro Linear 

UNITS 

14 mA 

70 mA 

930 mW 

2 V 

-0.3 0.8 V 

100 ,..A 

-0.4 mA 

V 

V 

1 ,..S 

1.2 3 ,..S 

1 ,..S 

2 
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ELECTRICAL CHARACTE RISTICS{C~ntinued) 
The following specifications apply over the recommended operating conditions of Vcc= 5 V± 10%, VDD = 12V ± 10%, . 
O°C <E; TA <E; 70°C,IN + and I N - AC coupled, OUT + and OUT - differentially loaded with > 600Q and each side loaded with 
<lOpFtoGND, CByp';'2000pF, OUT + and OUT - AC cbupledto DIN+ and D IN - respectively, VAGc=2.2Vunless otherwise 
specified. (See Note 2.) .. 

SYMBOL PARAMETER CONDITIONS UNITS 

READ MODE CHARACTERISICS 
AGCAmplifier 
RID Differential Input Resisiarice. V(lN+_IN~ I = 1O(J mVp.p@2.5MHz 5 _:C kQ 

CID Differential Input Capacitance VIIN+_IN_I=100mVp.p@2.5MHz 10 pF 

llc Common. Mode input R/W pin high 1.8 kQ 
Impedance (both sides) R/W pin low 0.25 kQ 

AVMAA Maximum Gain VBYP-2.6V 83 VIV 

AVMIN Minimum Gain VBYP = 6V 2 4 VIV 

eN Input Noise Voltage Gain set to maximum 30 nVI \/Hz 
BW Bandwidth Gain setto maximum, -3dB point 30 MHz 

AVos Maximum Gain and Minimum VBYP=2.6 V for maximum gain 700 mV 
Gain AGC Amp Output Offset VBYP= 5.0V forminimum gain 
Voltage Difference 

VBYPMAA MaxVoltage at BYP Pin at VIDIN+-DIN_I-1.6\1, VAGc=3.0V 6.0 6.7 V 
Minimum Gain 

Vop Maximum Output Voltage SetbyVAGC 3 Vp.p 
Swing. 

100 OUT + to OUT - Pin Current No DC path toGND, See Note 3 ±3.2 mA 

Ro Output ResiS1;ance 18 32 Q 

Co Output Capacitance 12 pF 

VIP (DIN+-DIN-) Input Voltage 30mVp.p",VIIN+_IN_I'" 550mVp.p, 0.37 0.48 0.56 Vp.pIV 
VAGC SwingVS AGC Input Level 0.5Vp.P",VIDIN+_0IN_I",1.5Vp.p 

VIP (DIN+-DIN_) Input VOltage 
.swing Variation 

.30 mVp.p<V(lN+_IN_I<550mVp.p, 
AGC Fixed, over supply and temp. 

;!-8 % 

tD Gain Decay Time See Figure la; VIN "" 3OOmVp•p 50 ,..s 
then >150mVp•p at 2.5MHz, 
VOUT to 90% of final value. 

tA Gain Attacklime See Figure lb; from Write to Read 4 ,..s 
transition to VOUT at 110% of final 
value, VIN =AoomVp.p@2.5MHz 

IAGCfc . Fast AGt Capacitor VIDIN+-DIN_I=1.6\1, VAGc =3.0V 1.3 '1.5 2.0 mA 
Charge Current 

IAGCsc Slow AGC Capacitor VIDIN+-0IN_I=1.6\1, VaryVAGC until 0.14 0.17 0.22 mA 
Charge Current slow discharge begins 

Fast to Slow Attack VIDIN+-DIN_I 1.25 -
Switchover Point 

V1DIN+-DIN_1 Final .. 

IAGCD AGC Capacitor VIDIN+_OIN_I=O.OVRead Mode 4.5 ,..A 
Discharge Cu rrent 

Hold Mode -'-0.2 +0.2. ,..A 
CMRR CMRR (Input Referred) VIN+'"VIN _ -100mVp•p @5MHz, 40 dB 

gain at maximum 

PSRR PSRR (Input Referred) Vcc orVDD =100mVp•p @5MHz, 30 dB 
gain at maximum 

TREC Write to Read Recovery Time. 
IncluCles AGC Settling 

VIIN+_IN_I= 100mVp•p @2.5MHz 1.2 2 10 ,..s 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc= SV ± 10%, VDD = 12V ± 10%, 
O°C"; TA"; 70°C, IN + and IN - AC coupled, OUT + and OUT - differentially loaded with >600Q and each side loaded with 
<10pF to GND, CBYP=2000pF, OUT + and OUT - AC coupled to DIN+ and DfN- respectively, VAGc=2.2V unless otherwise 
specified. (See Note 2.) 

SYMBOL PARAMETER CONDITIONS UNITS 

READ MODE CHARACTERISICS (Continued) 

Hysteresis Comparator 

VIP Input Signal Range 1.5 Vp.p 

RIO Differential Input Resistance V(OIN+-OIN_)= 100mVp.p @2.5MHz 5 15 kQ 

CIO Differential Input Capacitance V(OIN+ -OIN_) = l00mVp.p @2.5MHz 6.0 pF 

ZIC Common Mode Input (both sides) 2.0 kQ 
Impedance 

VIO Comparator Offset Voltage HYS pin at -0.5V, ~1.5kQ across 5 mV 
DIN +, DIN _ 

VHYSP Peak Hysteresis Voltage vs HYS lV<VHYS<3V 0.16 0.21 0.25 VIV 
VHYs pin voltage (input referred) 

II HYS Pin Input Current lV<VHYS<3V 0 -20 ,..A 

10 LEVEL Pin Max Output Current 3 mA 

Ro LEVEL Pin Output Resistance ILEVEL =0.5mA 180 Q 

VOL DOUT Pin Output Low Voltage TA = 70°C Voo-4.0 Voo -2.5 V 

VOH DOUT Pin Output High Voltage TA=70°C Voo -2.2 Voo -1.5 V 

VLEVEL Level Pin Output Voltage vs 0.6< IV(OIN+-OIN_)I<1.3Vp.p 1.5 2.5 VIVp.p 
VOIN V(OIN+-OIN_) 10kQ from level pin to GND 

Active Differentiator 

VIP Input Signal Range 1.5 Vp•p 

RIO Differential Input Resistance V(CIN+-CIN_)= l00mVp•p @2.5MHz 5 11 kQ 

CIO Differential Input Capacitance V(CIN+_CIN_)=100mVp.p@2.5MHz 6 pF 

ZIC Common Mode Input (both sides) 2.0 kQ 
Impedance 

100 DIF+ to DIF _ Pin Current Differentiator Imped must be set so as ±1.3 mA 
not to clip signal at this current level 

VIO Comparator Offset Voltage DIF+, DIF _ AC Coupled 5 mV 

VOL COUT Pin Output Low Voltage O~ IOH~O.5mA Voo-3 V 

Vpo COUT Pin Output Pulse Voltage O~ IOH~0.5mA 0.4 V 

PWo COUT Pin Output Pulse Width O~ IOH~0.5mA 30 ns 

Av Voltage Gain From CIN ± to R(OIF+ to 0IF-) =2kQ 1.7 2.2 VIV 
DIF± 

Undervoltage Detector (ML4042 Only) 

VCCTH+ Vcc Fault Threshold +. VFLTtransition from low to high 3.8 4.2 4.5 V 

VCCTH - Vcc FaultThreshold- V FLT transition from high to low 3.8 4.1 4.5 V 

VOOTH+ Voo FaultThreshold + VFLT transition from low to high 9.6 10.2 10.8 V 

VOOTH - Voo FaultThreshold- VFLTtransition from high to low 9.6 10.0 10.8 V 

VOL Output Low Voltage (VFLT) IOL =1.6mA 0.4 V 

VOH Output High Voltage (VFLT) IOH= -400,.,A 2.7 V 
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ELECTRICAL CHARACTE RISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vcc ~ 5 V ± 10%, V DO ~ 12 V ± 10%, 
O°C";TA"; 70°C, VICIN+-CIN_I~V(DIN+-DIN_I-1.0Vp.pAC coupled sine wave at 2.5MHz, RDIF -100Q, CD1F -65pF, VHYS -1.8V, 
Cos-60pF, 4kQ,to Vccand 10pF to GND on pin RD unless otherwise specified. ' 

SYMBOL PARAMETER CONDITIONS UNITS 

Output Data Characteristics (Refer to Figure 2) 

tD1 D·Flip·Flop Set Up Time Min delay from V(DIN+-DIN_J a ns 

exceeding threshold to VIDIF+-DIF_I 
reaching a peak 

tD3 Propagation Delay 110 ns 

tDs Output Data Pulse Width (See Note 5) 40 50 65 ns 
Variation Cos ~ 60pF, TA ~ 25°C 

tD3·tD4 Logic Skew (Pulse Pairing) 1 ns 

tR Output Rise Time VOH -2AV 18 ns 

tF Output Fall Time VOL -OAV 14 ns 

Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 
Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3: AGC amplifier output current may be increased as in Figure 4. 
Note 4: Typicals are parametric norm at 25°C. 

Note 5: tDS ~ 830 (Cos), 50pF < Cos < 150pF 

FUNCTIONAL DESCRI PTION 
Operating Modes 
The ML4041, ML4042 has three definitive operation modes 
which are: Read mode, Write mode and Hold mode. These 
modes are defined by input pins HOLD and R/W as shown 
in Table 1. Read mode, the mode used normally for pulse 
detection, is assumed in the following sections unless other
wise noted. 

AGC Amplifier Section 
The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the an'alog signal. Awide gain range is 
required due to large signal variation when moving the re
cording head from an inside to outside data track or varia
tions in media. 

The differential output voltage level VOUT from the AGC amp 
is determined by voltage VAGCpresent at pin AGe. VOUT is 
full wave rectified and compared against VAGC to create 
charge f discharge current for capacitor CByp connected at 
pin BYP. Voltage VBYP across CByp corttrols the gain in the 
AGC amplifier. 

Two distinct values' of IBYP are possible which determine.a fast 
and slow AGC gain response attack rate. When VOUT is more 
than 125% of the set level a high value of IBYP is sourced 
which provides a fast AGC attack rate. When VOUT is within 
100% to 125% of the set level a reduced value of IBYP is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 

response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. VAGC 
should be set so that the differential input voltage V01N into 
the level comparator is 1 Vp_p at nominal Read signal condi
tions. The AGC amp section gain is given by: 

AV2 __ V BYP2 - VBYPl exp -"-'-'-"~--''-'-'--'--

AVl 5.8 X VT 

Where: AV1, AV2 are initial and final amplifier gain values 
corresponding to initial and final VBYP values. 

VT - (KT)/Q - 26mVat room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi
larly, AC coupling must be used at the AGC amp outputs. 

AGC Amp During Write Mode- When the ML4041, ML4042 
is put into write mode, the AGC amp's input impedance is 
lowered to allow a faster dampening ofthe Write to Read 
transient from the head pre-amp. The AGC gain is also set to 
maximum gain so that fast AGC attack will occur when 
changing back to the Read mode. Intemal device timing is 
controlled so that settling occurs prior to Read mode activa
tion. Minimal value input coupling capacitors should be 
chosen to reduce settling time, however, bandwidth require
ments also need to be considered. 
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AGe Amp During Hold Mode- During the Hold mode, the 
charge! discharge current driving pin BYP is internally discon
nected. AGC compensation capacitor CAGe will then hold 
the present gain setting. The amplitude of VOUT will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data; Embedded servo pulses are nor
mallytaken at outputs DIF-' and DIF+, as shown in the typical 
application. 

External, Filter Network 
Filtering for the level and slope detectors can,be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 
The full wave rectified VOUT is buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude againsta refer
ence voltagederived from voltage VLEVEL output from pin 
LEVEL. Using VLEVEL provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 
The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica
tion, is used between the DIF+ and DIF- pins to provide the 
differential function given by: 

A _ -2000Cs 
V - LCs2 + (R + 92) Cs + 1 

Where: C = External capacitor (20 pF to 150 pF) 
L = External inductor 
R = External resistor 
s = jw = j2nf 

Ml4041;ML4042 

Output IDgic 
The output logic provides a negative TIL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 

ML4041, ML4042 
OUTPUT 

Pin R!W must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data f~om level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli
tude of a, polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out
put timing and the level detector determines pulse validity. 

Layout Considerations 
As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 

1111.. RtliCfro> Linear SAS 
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BLOCK DIAGRAM 

OUT + 

Voo 

IN.:.+ ...... r--__ -l 

GAIN 
CONTROL "::" 

IN _-t-4>-t ..... 
Voo 

BY.:..P+-_-,-... 

ACNO 
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AGC 
Y,N M 
R/W~ 

AGC 
VOUT 

Figure 1. AGe liming Diagram 

VOIN 
ANDY-----~----~--_\------+_--~ 
VeiN 

VCoUT 

VOOUT 

VRij 
(READ DATA) 

1--4-105 

Figure 2. Output Logic liming Diagram 

'Micro Linear 
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TYPICAL APPLICATIONS 
r-~~~------:--"'+ SERVO READ DATA 

Vaa 
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GAIN 
CONTROL 

Vaa 

5V 
AGC LEVEL R/W 

RlEVEL1 

CLEVEL 

RLEVE12 

-:;:- -:;:-

Figure 3. Typical Application Diagram 

IN+ 

IN-

lOUT + = lOUT _ = 4.2mA + R8V 
EXT. 

lO!'F 

5V 

Vee 

HYS DoUT 

READ/WRITE 
CONTROL 

Figure 4. Modification: of AGe Amplifier Output to Drive lDW Impedance Filters 

'-Micro Linear 

12V 

CS 

~ 
Vaa 

I----f-'V,LT 

OS 

COUT 

ROREAD 
DATA 

TC055
; 

'ML4042 ONLY 



ORDERING INFORMATION 

PART NUMBER 

ML4041CP 
ML4041CQ 
ML4D41CS 
ML4042CP 
ML4042CQ 
ML4D42CS 

TEMP. RANGE 

DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 

'Micro Linear 

ML4041, ML4042 

PACKAGE 

MOLDED DIP (P24) 
MOLDED PCC (Q28) 
MOLDED SOIC (524) 
MOLDED DIP (P28) 
MOLDED. PCC (Q28) 
MOLDED SOIC (528) 
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GENERAL DESCRIPTION 
The ML4401 provides all of the analog circuitry necessary for 
the demodulation of di-bit servo signal information in 
Winchester disk drives. It interfaces to the servo head preamp 
and provides quadrature position signal outputS forthe servo 
controller circuitry. 

The ML4401 includes a high-performance 592-type input 
amplifier and differential AGC circuit, External logic is de
signed to meet the needs of the particular servo system utiliz
ing the VCO and Charge Pump to create a PLL time base for 
Peak Detector gating. The SYNC output provides servo chan
nel timing information for the logic. 

The ML4401 when combined with the ML4402, 
ML4406/07/08 Servo Driver, the ML4403, ML4413 Servo 
Controller and the ML4404 Trajectory Generator, 
provides a flexible closed~loop servo control system. 

BLOCK DIAGRAM 

5 VCON 

RL2 Rll 

5~50 

July 1992 

Ml4401 

Servo. Demodulator 

FEATURES 
• Combin~s all analog di-bit demodulation circuitry 
• Logic track-type switching can be used to minimize 

demodulator offset 
• Exponential AGC characteristics makes AGC settling 

independent of input step size 
• External loop compensation of analog blocks 
• External digital circuitry allows flexible pattern format 
• On-chip band gap voltage reference eliminates exter

nal referencing 
• Operates from 12 V power supply 
• Compatible with Micro linear's ML4403, ML4413 

Servo Controller, ML4402, ML4406/07108 Servo 
Driver and ML4404 Trajectory Generator 

GND 

SYNC 25 

vo .. 7 

19 20 21 22 15 1£> 17 18 
12341234 

GATE CAP 



PIN CONNECTIONS 

ML4401 28-Pin DIP 
(Prototypes Only) 

FINC FDEC 

veOL POSB 

veOI POSA 

veoP SYNC 

veON CDC 

Vee TP 

VREF GATE4 

GND 

VAGe GATE2 

CAGe GATEI 

GAINI CAP4 

INX CAP3 

INY CAP2 

GAIN2 CAP1 

. TOPVIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION 

FINC Charge pump frequency incre-
ment input (TIL). 

2 VCOL PLL loop compensation terminal. 
3 VCOI VCO high impedance input. 
4 VCOP VCO positive output, for capaci-

tive feedback to VCOL 
5 VCON VCO negative output, drives resist-

ance feedback to VCOI, also pro-
vides ECL output on ML4401 and 
TIL output on ML4411. 

6 VCC +12Vsupply. 
7 VREF Voltage reference output (+5V). 
8 GND Ground. 
9 VAGC AGC gain reference voltage input. 
10 CAGC External capacitor terminal to set 

AGC response. 
11 GAINl Input amplifier gain adjusting RC 

terminal 1. 
12 INX X input into input amplifier. 
13 INY Y input into input amplifier. 
14 GAIN2 Input amplifier gain adjusting RC 

terminal 2. 

PIN# 

15 
16 
17 
18 
19 

20 

21 

22 

23 

24 

25 
26 
27 
28 

ML4401 

ML4401 28-Pin pcc 

veop veOL FDEC POSA 

I veOI I FlNC I POSB I 
4321282726 

veON 

Vee 

VREF 

GND 

VAGe 

CAGe 10 

GAINI 

25 SYNC 

24 CDC 

23 TP. 

22 GATE4 

21 GATE3 

20 GATE2 

19 GATEI 

12 13 14 15 16 17 18 

I INY I CAP1 I CAPJ I 
INX GAIN2 CAP2 CAP4 

TOP VIEW 

NAME FUNCTION 

CAPl Peak detector 1 capacitor terminal. 
CAP2 Peak detector 2 capacitor terminal. 
CAP3 Peak detector 3 capacitor terminal. 
CAP4 Peak detector 4 capacitor terminal. 
GATE1 Peak detector 1 gate input (TIL) 

high enabled, low disabled. 
GATE2 Peak detector 2 gate input (TIL) 

high enabled, low disabled. 
GATE3 Peak-detector 3 gate input (TIL) 

high enabled, low disabled. 
GATE4 Peak detector 4 gate input (TIL) 

high enabled, low disabled. 
TP Composite test point, normally left 

unconnected .. 

CDC External capacitor terminal to set 

SYNC 
DC restore response. 
SYNC pulse output (TIL). 

POSA Position output A. 
POSB Position output B. 
FDEC . Charge pump frequency decre-

ment input (TIL). 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 

Power Supply Voltage,Vcc ............ ' ................. l4V 
Input Voltages: 

GAIN1, GAIN2 ................................. -0.3 to 8V 
CAGC ...................•....... ':.......... .. -0.3 to 7.0V 
VAGC ................ :.; .' .... , ..... , ........... -0.3 to 5.3V 
CAP1, CAP2, CAP3;CAP4 .. ;' ......•. :; .. ,",., 3,0 to 10V 
GATE1, GATE2, GATB, GATE4, VCOP , ... ,\. -0.3 to 7.5V 
INX, INY, VCON, VCOI, FINC, FDEC, CDC 
.... , ......... : .............. , ..... ,', .. , -0.3 toVcc +O.3V 

elA for 28-Pin Plastic Dip ,.................... .:§'60·C/Watt 
elA for 28-Pin i'LCC ............................. 60·C/Watt 
Storage Temperature Range ................ ,-65·C to l50·C 
Junction Temp~arture (TIMAX) ................ ; ........ l50·C 
Lead Temperature (Soldering, 10sec) ........ ' ......... 260·C 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 

Temperature Range .......................... 00 C to 70· C 
Supply Voltage (YcCl' ...... , ..... : ... ':., ...... 12Voc±1O% 
Input Coupling Capacitance (Ci) ....... , ............. O.01I'F 
Input Amp Gain Capacitance (Cel .................. 0.047I'F 
Input Amp Gain Resistance (Re) .••.. , . ',' ..•••.....•••• 1 kQ 
AGC Response Compensation Capacitance (CA) ....... 0.082 f'F 
Composite DC Restore Capacitance (Co) .. '............ O.OlI'F 
PLL Compensation Components: 

CcPl ..........•.............................. O.lI'F 
CcP2 .•......................................... 11'F 
Rep ......... , .... , .............. ' ............. 910Q 

PLL Gain Components: 
Rv .......................................... 1000n 
RL1, RL2 ..................... ;.' .............. 1000n 

Peak Detector Capacitance (CAPl thru CAP4) ........... 270pF 
SYNC Output- Pull-Up Resistor (to 5 V) ................ 3.3k 
On track Base-ta-Peak Voltage at pin TP ................ 1.75V 
VGA Gain ControlVoltage (at pin CAGe! ................ 0.65 

The following specifications apply over the recommended operating conditions ofTA = a to 70° C, Vcc;= 10.8 to 13.2 V, 
VVAGC = S.Ov, and external components as recommended above, unless otherwise specified (See Note 1.) 

SYMBOL PARAMETER CONDITIONS 

Power Supply 

ICC I Supply Current I Vcc::;12V 

TTL Inputs FINC, FDEC, GATE1, GATE2, GATEJ, GATE4 

VIH High Level Input Voltage 2.0 V 

Vll Low LevellnputVoltage 0.8 V 

IIH High Level Input Current VIH =2.4V -1 30 jlA 

'll Low Levellhput Current \lll-O.4V -20 1 jlA 

SYNC Output (TTL Open Collector) See Note J 

VOl Low Level Output Voltage 10l -1.6mA 
" 

0 0.3 0.5 V 

VTHR : Positive going input threshold VREF+<l·9 V 

VTHF ' Negative going input threshold VREF V 
.. 

tpo± Propagation Delay Rising, RL=2k, Cl -15pF 50 ns 
Falling 

veop Output ML4401 (TA = 25~ C) 

VOH High Level Output Voltage RL";lkQ V 

VOl Low Level Output Voltage ,R~,=lkQ V 

veop Output ML4411 

VOH High Level Output Voltage V 

VOl' ' " Low Level 'Output Voltage li)L=1.6mA 'V 

veo and Charge Pump Section 
IBIAS VCOllnput Bias Current 0 25 50 jlA 

ICH,lols VCOl Charge and Discharge 495 660 825 jlA 
Current 

ICHliois VCOl ChargelDischarge Ratio 0.95 1.00 1.05 I'A/jlA 

IOFF V COl OFF State Current FINC-2.0 0 25 50 nA 
FDEC=0.8 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions ofTA =0 to 70° C, Vec = 10.8 to 13.2 V, 
VAGC = S.Ov, and external components as recommended above, unless specified (See Note 1.) .' 

SYMBOL PARAMETER . CONDITIONS UNITS 

VCO and Charge Pump Section (Continued) 

FMAX MAX VCO Frequency to Main- 30 MHz 
tain + and - 5% Control 
Range Note 4 

Fvco VCO Frequency Range TA = 25°C, Vcc = 12, VCOl = 6V 9.7 10.0 10.3 MHz 
Note 4 Cv = 1000pF, Rv = 604Q 

Kvco VCO Voltage to Frequency 2 %N 
Factor 

Input AMp, AGe AMP, and DC Restore 

RIN INX, INY Differential Input 7.5 10 20 kQ 
Resistance 

IGAIN1,2 GAIN1, GAIN2 Bias Current 0.66 1.0 1.20 mA 

I BIAS VAGC Input Bias Current 0 5 20 !iA 
GMAGC AGC Transconductance at 370 "MHOS 

CAGC 

RAGC Control Range of AGC Loop to 7/1 VN 
Regulate Composite Amplitude 
to within 2% of Nominal 

BW Bandwidth from INX, INY io 10 15 MHz 
Composite Note 4 

GMDCR DC Restore Transconductance 200 "MHOS 

Peak Detectors 

ICH Charge Current . 12.7 mA 

IDIS Discharge Current TA=25°C 25 45 60 !iA 
TCDIS Tempco of IDIS -0.17 "A/oC 

Voltage Reference 

VREF Reference Voltage TA=25°C 4.85 5.10 5.35 V 

"It Tempco 50 ppm/oC 

RoUT Load Regulation 2 mV/mA 

PSRR line Regulation 10 mVN 

ISINK Maximum SINK Current 0.8 mA 

Output Amplifiers (POSA POSB) , 
Vos Input Offset VcAPl-4=6V -10 0 10 mV 

Av Gain 1.23 1.28 1.33 vN 

AvA/AvB Gain Tracking -3 0 +3 % 

VOUT Output Voltage Range 1.0 9.5 V 

ISRC Output Sou rce Cu rre.nt 5 mA 

ISNK Output Sink Current 2 mA 

SR Slew Rate 2.5 V/"s 

BW 3dB Gain Bandwidth 3 MHz 

Note 1: 0° C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, pr 
correlation with worst-case test conditions. . 

Note 2: Typii::als are parametric norm at 25° C. 
Note 3: Pin 25 is an open collector output which should not exceed 7 volts in the high state. 

Note 4:. This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 

APPLICATION HINTS 
Using a nominal on-track servo signal, amplitude adjustment should be made.as follows: 

1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin VAGC (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 

2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin CAGC; it should be approximately 
0.9 volts. CAGC voltage will vary approximately ± 0.5 volts over the AGC range. 

'Micro Linear 
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FUNCTIONAL DESCRIPTION' 
Input Amplifier 
The input amplifier is equivalent to a wide-band 592 type 
video amplifier and provides amplification and buffering to 
the AGC circuitry. The Inputs INX and INY, which must be 
AC coupled, accept the composite analog signal from the 
servo head differential preamplifier. Internal input termina
tion resistors eliminate the need for external bias resistors. 
Prefiltering of the signal is normaly desired to eliminate un
wanted components. External components Rc and CG deter
mine the input amplifier's low frequency cutoff'imd gain as 
follows: ' 

FC~-~---~~ 
2n (Rc + 6OQ) CG 

A _ 1700 
1/ ,- Rc + 60Q 

Where: CG = External Series capacitance between pins 
GAINl and GAIN2 . 

RG = External series resistance between pins 
GAINl and GAIN2 

Automatic Gain. Control (AGC) 
The purpose of the AGC loop is to maintain a constant peak 
output voltage level at outputs POSA and POSB. This peak 
level is established by the reference voltage applied to pi n 
VAGc· 

VP.P(Composite) = Kl x VAGC + K2 
Where: Kl = 0.65 

K2 = 0.41V 

In this closed-loop system, the peak detector output voltages 
are fed back and combined with the VAGC voltage to provide 
a gain control current. The current controls thevariable gain 
amplifier (VGA) and is compensated at pin CAGC to provide 
control of AGC bandwidth. The bandwidth of the entire AGC 
loop is determined by: 

BW = K VI/AGe 
2n CA 

Where: K 4.3 x 10-4 

VVAGe = External reference voltage at pin VAGC 
CA External capacitance at pin CAGe 

Optimum system stability is achieved by deriving VVAGC from 
the VREF output using a resistive divider. 

Composite Amplifier 
The input amplifier and AGC circuit of the ML4401 operate in 
a differential signal mode to provide good common mode 
and power supply rejection. The composite amplifier con
verts the differential signal into a buffered single-ended signal 
for the pE'!ak detector'circuitry. The DC base line of the com
posite signal is equal to VREF . The bandwidth Qfthe DC 
restore function is controlled by capacitor Co at pin CDC with 
the following relationship: . . 

BW=~ 
2n CD 

Where: gm = 1/5 kQ 
<:0 External capacitance at pin CDC 

The composite signal is available at pin TP and is normally left 
unconnected. For short circuit protection a 425Q resistor is ' 
connected in series with pin TP internally. 

Syncht:(),nizationPulse Separat()r' 
The SYNC pulse separator is a threshold comparator with 
hysteresis which passes pulses from the composite amplifier 
above a set threshold. It providesa buffered oPen collector 
TTL output. The SYNC output, when gated through an exter
nal one-shot, is used to control the external gate timing and 
PLL logic. 

Peak Detector 
The peak detector circuit captures the peaksignal amplitude 
of the di-bit pulses. The gates are controlled by inputs GATEl 
through GATE4. Timing is estabHshedby the external logic 
circuitry. The external peak detector capacitors are con
nected from pins CAPl throughCAP4 to ground. The peak 
detector discharge rate (set by CAP1-CAP4) determines the 
maximum tra~k crossing rate during an access operation. The 
performance of this block can be enhanced by using the 
velocity output of the ML4403, ML4413 to create a velocity 
proportional discharge. The peak detector outputs are fed 
into internal differential amplifiers that calculate,the track 
error signals and provide buffered outputs POSA and POSB 
as follows: 
POSA = 1.25 (CAP1':'CAP2) + VREF 
POSB = 1.25 (CAP3-CAP4) +VREF 

Voltage Controlled Oscillator and Charge Pump 
The VCO and external phase compare logic provide a time 
base for peak detector gate sychronization. Inputs FINCand 
FDEC provide increment and decrement signals to the charge 
pump for cha(lging the oscillator frequency. The FINC and 
FDEC inputs gate the charge pump forthe duration of the , 
pulse width. The RC timing networkforrned by Cv and Rvat 
pins VCOI, VCON, and VCOP control the. oscillators center 
frequency. (See Typical Performance Characteristics) 

Rv should be greater than 330Q. Too low ofa value will result 
in excessive power dissipation. RL 1, RL2 and R\i should be ' 
approximately equal, although the values of RL 1 and RL2 do 
not req u i re accu racy. 

The VCO output should only be taken from pin VCON. . 
Charge pump capacitor CCPlis connected from pin VCOl to 
ground. Components Rep and CCP2 are also connected in 
series from pin VCOL to ground to provide VCO loop com
pensation. 

Internal Voltage Reference 
VREF is an internal band-gap voltage reference. It is buffered 
and available at pin VREF and is used by the ML4402, 
ML4403, ML4404 and other chips requiring a 5volt refer
ence. 

External Logic 
The external logic provided by the user typic~lIy has a com
plexi.ty of about 150 to 300 equivalent gates. Complexity. and 
architecture depends on the users di-bit pattern and comrol 
function. 

Note: Stray capacitance should be considered in applying the 
above relationships when low capacitor values are used. 
Stray,capacitance of the integrated circuit terminal is typically 
about 2 to 3 pF. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Fvco 
MHz 

30 

20 

10 

o 
o 

200 
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Av 50 
(V/V) 

10 

ORDERING INFORMATION 
PART NUMBER 

ML4401CP 
ML4401YCQ 

\ 
\ 

\ 

\'Co FREQUENCY vs RV AND CV 

Rv =604 
TA = 25°C 
Vee = 12V 

I'... 

50 

I""-
r--

100 
Cv (pF) 

--
.150 

AGe GAIN vs CAGe Voitage 

-
-
-

200 

\ 
.' J 

F = 2.5MHz 
Cc = 0.047,..F-

0.4 

lie = 7502 = 
"" "" 

TA = 25°C -

"'\.. 

"" ',,-
0.8 1.2 

VCAGC(VoIts) 

TEMP. RANGE 

O°C to +70°C 
O°C to +70°C 

" 
1.6 2.0 

PACKAGE 

MOLDED DIP (P28) 
MOLDED PCC (Q28) 
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GENERAL DESCRIPTION 
The ML4402 Servo Driver contains all of the control circuitry 
necessary to drive the head positioning actuator of a hard or 
rigid disk drive system. It receives the error signal generated 
from a servo controller circuit, such as the ML4403, ML4413, 
and drives an external transistor bridge which controls the 
head positioning voice coil actuator. The ML4402 output 
control circuitry includes current sense inputs to provide 
closed-loop control of actual actuator cu rrent. By usi ng an 
external power transistor bridge, flexible thermal and space 
management is allowed as well as transistor selection which 
enables a wide application range. 

Included in the device is a unique disable function which 
permits interruption of actuator current. During a disable, the 
output control amplifiers are shut down which cuts off all 
current to the external transistor bridge. Disable can be acti
vated by a logic high into pin DIS or by the on-board low
voltage detector. Use of the low-voltage disable function 
prevents actuator response to·a false error signal during a 
power failure. The low voltage detector can monitor up to 
two power supplies and has user definable low voltage trigger 
levels. 

The ML4402, when combined with the ML4401/4431 
Servo Demodulator, the ML4403, ML4413 Analog Servo 
Controller and the ML4404 Trajectory Generator, provides 
a flexible high-performance head positioning servo 
system. 

BLOCK DIAGRAM 

Ml4402 

Servo Driver 

FEATURES 
• Low differential input offset voltage 

• Contains all control circuitry necessary to drive an 
external transistor bridge 

• Differential amplifiers internally compensated 

• Unique disable function interrupts actuator current 

• Programmable dual supply low voltage detector 

• Single +12V power supply 

• Compatible with Micro Linear's ML4401/4431 
Servo Demodulator, ML4403, ML4413 Servo 
Controller and ML4404 Trajectory Generator chips 

The ML4402-1 and ML4402-2 differ in offset voltage at the 
differential error signal inputs which is a result of the manu
facturing trim process. 

C1 CMPl E1 SGND Sl C2 CMP2 E2 S2 RETR 

GND r--------+- DIS 

~-----+- PSF 

vee 

VAll 

REFA PS1 PS2 
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PIN CONNECTIONS 

VINV GNO 

VINX CMI'I 

REFA SGNO 

Vee 51 

VALl El 

PSI a 
PS2 E2 

PSF C2 

015 52 

RETR CMP2 

TOP VIEW 

20-PIN DIP (Prototypes Only) 

PIN DESCRIPTION 

PIN# 

2 

3 

4 
5 

6 

7 

8 

9 

10 

NAME 

REFA 

PS1 

PS2 

PSF 

DIS 

RETR 

FUNCTION 

Inverting input for error voltage 
signal. Used as a reference voltage 
(analog ground) input when using 
a si ngle ended output from the 
ML4403 Servo Controller, Ob
tained from the VREF output of the 
ML4401 Servo Demodulator. 
Non-inverting input for error 
voltage signal. Used as, the signal 
input pin when using a single 
ended output from the ML4403. 
Reference pin for low voltage 
comparator. 
+ 12 V power supply pin. 
Optional +5V power supply pin to 
keep the PSF pin operating ifVcc 
fails. With VALT at +5Y, the PSF pin 
will go low ifVcc goes to zero, or 
too low to operate the comparator. 
Voltage input for low voltage 
comparator. 
Voltage input for low voltage 
comparator. 
POwer supply failure indication, is 
an open collector output of com
parator. Logic low indicates PS1 
and/or PS2 voltage has gone be
low REFA. 
Amplifier Disable pin. TTL input 
that disables both amplifiers with a 
logic high. 
Return spring output, clamped 
open collector output, opposite 
logic polarity aspin PSF. Used to 
drive optional safety circuitry. 

PIN# 

11 

12 
13 

14 

15 

16 

17 
18 

19 

20 

ML4402 

20-PIN PLCC Package 
VINX GNO 

REFA l VIN' I CMPl 

3 
Vee 

VAll 

PSI 

PS2 

PSF 8 
9 

DIS 

NAME 

CMP2 

52 
C2 

E2 

C1 

E1 

51 
5GND 

CMP1 

GND 

2 1 20 
'SGNO 

51 .-

El 

a 
E2 

10 11 12 

I CMP2 I C2 
RETR 52 

TOPVIEW 

FUNCTION' 

Compensation node of AMP2 
used to add additional compensa
tion; the device is manufactured 
with approximately27 pF of inter
nal compensation. 

Bandwidth Effects: 

f~ gm 

2rt (C+27pF) 

Slew Rate Effects: 

SR~ 20",A 

C+27pF 

Where: 
gm ~ 150",mhos 

C ~ External Compensation 
Capacitor CCMPI 
orCCMP2 ' 

Current sense input for AMP2. 
Collector of output transistor of 
AMP2. 
Emitter'of output transistor of 
AMP2. 
Collector of output transistor of 
AMP1. 
Emitter of output transistor of 
AMP1. 
Current sense input for AMP1. 
Reference ground for 51,52 
feedback. 
Compensation node of AMP1, 
used to add additionalcompensa
tion. The device is manufactured 
with approximately 27 pF of inter
nal compensation. Bandwidth and 
Slew Rate effects are the same as 
the CMP2 pin. 
Ground. 
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ABSOLUTE 'MAXIMUM RATINGS 
Absolute maximum ratings are those values beYond which the 
device could be permanently damaged. Absolute maximum ratings 
are stre5sratings only and functional device operation is not implied. 

Power Supply Voltage (Vcd ... : .. , .. , . .' .............. 14V 
Terminal Voltage Range. ' ' 

MNX, VINY, VALT,PS1; 1'52; REFA, DIS) ..... ..,0.3 to Vcc+O.3V 
51,52 .......................................... 7V 

Terminal Input Current (C/VIPl, CMP2) ................ 0.1 rnA 
Storage Temperature Range .............•.. ...:65°Cto +150°C 
Junction Temperature {TJI ..•.......................• 125° C 
Lead Temperature (Soldering, 10sec) ........ ; ........ 260° C 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 

Supply Voltage 
Vcc ...................................... 12V±10% 
VALT ...................................... 5V ±10% 

Typical Component Values (Refer to Typical Application) 
RcA ...................... .', .................. 470Q 
RoB ... : ................... : .................. 240Q 
Roc .......................................... , 150Q 
Roo .......................................... 0.5Q 

The following specifications apply over the recommended operating conditions of Vee = 10.8 V to 13.2\/, VJNY = 5 \/, TA = a to 
70° C, and external components as shown above unless otherwise specified (See Note 1). 

SYMBOL PARAMETER CONDITIONS UNITS 

Power Supply 

Icc Vcc Supply Current Outputs unloaded, Pin REFA open mA 

100 VALT Supply CLirrent VCC=GND 

A pHi Cha ct . sf m I rer ra en ICS , 

Ay, Voltage Cail) at Pin 51, VINx-5.1 and 6V 
VS1/MNX-VINY); VINy=5.0V 0.342 0.352 0.362 VIV 
Applies when VINX > VINy 

Av2 Voltage Gain at Pin 52, VINx-4.9and4V 
VS2/MNy-VINX); VINy-5.0V 0.342 0.352 0.362 VIV 
Applie~ whenVINy > VINX 

eAV Gain Linearity Error (Avl- AV2 /0.5(AV1+Av2) -2 0 2 % 

Vos VINX, VINy Input Offset Voltage Vos defined where .:Cl0 +10 mV 
with Respect to Either Pin 51 or Avlor AV2>0.16 
Pin 52 TA=25°C 

VOSOIFF Differential VOS1-VOS2 
I 

ML4402-1 -5 +5 mV 
Input Offset TA=25°C ML4402-2 -10 +10 ' . 

Tcvos Offset Voltage Tempco 15 ",VloC 

Vs Voltage Swing Rllnge of Pin 51; VS1;VINX -6.7V 0.5 0.65 V 
52 Above Ground VS2; VINx=3.3V 

IVR Input Voltage Range into VINX 3.3 10 V 
andVINy 

IIBl , Input Bias Currerit, V1NX and 0 10 75 ".A 
VINy 

IIB2 Input Bias Current, Pin 51 or 52 VSl< Vs2 =GND -1.6 -1.2 -0.8 rnA 
(sourcing) 

PSRR Power Supply Rejection 60 dB 

CMRR Common Mode Rejection 
Ratio 80 dB 

GBP Gain Bandwidth Product CCMPl,2- 0 0.83 MHz 

5R Slew Rate CCMP1,2- 0 0.74 VI",5 

Output Transistor Characteristics 

lOUT Output Current; 10, IE1' 1C2' IE2 VINX-VINY= +IV mA 
Vcl, VC2 -3V; VEl< VE2 =0.7V 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee = 10.8 V to 13.2\/, VINY = 5 \/, TA = 0 to 
70° C, and external components as shown unless otherwise specified (See Note 1). 

SYMBOL PARAMETER CONDITIONS UNITS 

Internal Voltage Reference (VREF) 

PSMIN Minimum Allowable Vcc Where VREF >2.48V 4.75 V 
Voltage 

VREF V REF Voltage TJ-25°C 2.44 2.55 2.66 V 

TREG V REF Thermal Stability Over Specified Range 50 ppm/DC 

RREF RREF Resistance (Internal Resistor from VREF to Pin REFA) 2.55 k2 

Comparator 

Vos Input Offset Voltage, any Two -30 5 30 mV 
Inputs 

liN Input Bias Current -0.5 -0.1 0 ,.A 

VOL PSF Logic 0 Voltage IOL =1.6mA 0 0.2 0.4 V 

VOL RETR Logic 0 Voltage ISINK =3mA 0 0.5 1 V 

IOH PSF Logic 1 Leakage Current VpsF ",,5V -10 0.2 10 ,.A 

IOH RETR Logic 1 Leakage Current VRETR =2V -20 0.05 20 ,.A 

Amplifier Disable Section 
VIH DIS Logic High Voltage 2.0 V 

IIH DIS Logic High Current VIH =2.4V -20 20 ,.A 

VIL DIS Logic Low Voltage 0.8 V 

IlL DIS Logic Low Current VIL -O.4V -20 20 ,.A 

Note 1: 00 C to 700 C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25° C. 
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TYPICAL APPLICATION DIAGRAM 

ML4403 Your V",,"N,,-!X 1------, 

ML4401 VREF V_'N_Y.,...,r-... 

S2 

+5V +12V 

REFA 

PSI 

PS2 

PSF DIS 

ORDERING INFORMATION 
PART NUMBER TEMP. RANGE 

Ml4402-1CP O°C to +70°C 
Ml4402-1CQ O°C to +70°C 
Ml4402-2CP O°C to +70°C 
Ml4402-2CQ O°C to +70°C 
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NOTE: NEED HEAT SINKS ON 
MJE200 & MJE210 
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5W 
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OPTIONAL SAFETY CIRCUITRY 

PACKAGE COMMENTS 

MOlDED DIP (P20) Input Offset = ±SmV 
MOlDED PCC (Q20) Input Offset = ±sniV 
MOlDED DIP (P20) Input Offset = ±10mV 
MOlDED PCC (Q20) Input Offset = ±10mV 
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GENERAL DESCRIPTION 
The ML4403/4413 Servo Controller provides analog circuitry 
used in high performance trajectory and position control 
system for disk drive transducer heads. As a part of a head 
positioning servo system, this bipolar monolithic chip is de
signed to accept quadrature position signals and generate a 
servo error signal. While designed for minimum track access 
time, the ML4403 14413 supports a wide range of system 
designs. 

Trajectory control functions include a track crossing detector, 
a velocity signal generator, and a velocity event detector. 
System stability and short settling time is insured by the inter
polator function, which generates a ramp signal used to 
smooth the external position DAC output. 

Position control is provided by a signal error amplifier 
within the device. When used with the ML4401/4431 
Servo Position Demodulator, the track selection is 
performed by ML4401/4431 peak detector timing. This 
selection method eliminates track to track voltage offset 
problems and allows minimum track spacing. The ML4413 

BLOCK DIAGRAM 

Ml4403! Ml4413 

vee 
I 

1 
DIN -K> lOGIC 

POSA 
POSo 

~ ~ 
COMPARATORS 

POSITION 
Fill-IN 

INTERPOLATOR 

July 1992 

ML4403, ML4413 

Servo Controller 

FEATURES 
• Interpolate function smooths trajectory curve 
• Flexible architecture allows user defined loop response 
• Provides minimum track access time and maximum 

track density . 
• Single +12V power supply 
• Compatible with ML4401 Servo Demodulator, 

ML4402, ML4406/07/08 Servo Driver and ML4404 
Trajectory Generator 

has a discharge function that enables zeroing of the 
external error amplifier compensation. This feature 
further reduces position settling time. An on-board 
on-track detector is provided which is used as a safety 
alarm by the controller for an off-track condition. 

The ML4403/4413 Servo Controller, when combined with 
the ML4401 Servo Demodulator, the ML4402, 
ML4406/07/08 Servo Driver and the ML4404 Trajectory 
Generator provides a flexible closed-loop servo control 
system. . 
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ML4403, ML4413 

PIN'CONNECTIONS 

ML4403 20-PIN DIP (Prototypes only) 

DECO DIN 

MODE VELE 

FILL 

POSA 

POSB CMPO 

GND EVD 

Vee VR 

TRIO( VEW 

TCO DIFB 

TCI DIFA 

TOfVIEW 

ML4413 24-PIN SKINNY DIP (Prototypes only) 

DECO DIN 

MODE VELE 

FILL VEL<;. POSA 
POSA POSI POSB 
POSB CDiS CMP2 
CMP2 CMPO GND 
GND .DIS. 

"CMPl 
CMPl EVD 

Vee 
Vee VR 

NC 
TRKX VELO 

TCO DIFB 

TCI DIFA 

5.,62 _;Micro.Linear 

ML4403 20-PIN PLCC 

MODE DIN 
FILL I DECO I VELE 

VELC 

17 POSI 

TCO I DlFA I VElD 
TCI DIFB 

lOP VIEW 

ML4413 2IJ.PIN PLCC 
FILL' DECO" VELE 

CMPO 

EVD 

VR 

NC I MODE I DIN I VElC 

3 2 1 2B 27 26 

12 13 14 15 16 17 18 

TRIO( I TCI I DIFB I NC 
TCO DlFA VELO 

TOP VIEW 

NC 

POSI 

CDiS 

CMPO 

DIS 

EVO 

VR 



Ml4403, Ml4413 

PI N DEseRI PIlON 
ML4403 
DIP and Ml4413 
PlCC DIP PLCC NAME FUNCTION 

DECO Digital output from the velocity event detector. In application, this output goes 
to a logic high when the actual actuator velocity reaches the trajectory curve. It 
remains high through the "braking" or negative acceleration. This pin goes low 
when velocity is zero and remains low during actuator acceleration. This pin is 
only allowed to go high during access mode. This output is open collector and 
requires an external pull-up resistor. 

2 2 2 MODE Digital input used to select Hold mode (low level) or Access mode (high level). 
3 3 3 FILL Analog output that provides a sllwtooth waveform that, when summed with 

stair-step output of the external DAC, provides a smooth trajectory curve. Refer 
to Figure 3. 

4 4 5 POSA Analog input for quadrature position signals from demodulator (ML44011 
5 5 6 POSB 4431). Low pass prefiltering is recommended to eliminate peak detector 

ripple and external noise. 
6 7 8 GND Device ground connection. 

8 9 CMP1 Digital outputs that can be used for various control and cou nt schemes. These 
6 7 CMP2 pins are only available on the ML4413.Timing is shown in Figure 3. These out-

puts are open collector outputs with an internal pull-up resistor tied to +5 V. 
7 9 10 Vee +12 V power supply connection. 
8 10 12 TRKX Digital output that provides a logic transition at each track crossing which is 

defined as the point midway between two tracks. Refer to Figure 3. This output is 
open collector with an internal pull-up resistor tied to +5 V. 

9 11 13 Tea Digital output from the on-track detector. Used in Hold mode, this pin goes to 
logic high when the position signal exceeds an established window. This output 
is open collector with ail internal pull-up resistor tied to +5 V. 

10 12 14 Tel Analog input into the on-track detector. The input is normally derived from the 
position signal. 

II 11 13 15 DIFA Analog inputs for differentiated quadrature position signals. Theseinputs are 
12 14 16 DIFB used to generate the velocity signal at output VELO. 
13 15 17 VELa Analog output that provides a continuous velocity (tachometer) signal by time 

multiplexinglinverting the DIFA, DIFB input signals. 
14 16 19 VR Reference voltage input. This value should typically be +5\1, which is 

obtainable from the VREF output of ML4401/4431. 
15 17 20 Eva Multiplexed analog output of both velocity error and position error signals. This 

output is used as the input for the servo actuator driving circuity such as the 
ML4402. 

18 21 DIS Digital input that, upon a logic high, electrically shorts pins CDIS and CMPO in 
order to keep the compensator capacitor discharged. after entering hold mode. 
This pin and function is only available on ML4413. This function is used to re-
duce settling time when entering the Hold mode. Unlike pins MODE and DIN 
which float to logic high, this pin floats to logic low when left unconnected. 

16 19 22 CMPO Analog connection point for position compensation circuitry that is connected 
between this pin and POSI. 

20 23 CDIS Used to discharge external position compensation as shown in Figure 5. This pin 
is only available on ML4413. On the ML4403 this pin is internally connected to 
pin POSI. 

17 21 24 POSI Analog input for position control amplifier. 
18 22 26 VELC Analog input into velocity comparator. The velocity comparator trigger level is 

VR and is used for velocity event detection as described below. 
19 23 27 VELE Analog input for velocity error signal generated off-chip, referenced to YR. 
20 24 28 DIN Digital input that controls actuator direction during Seek mode. This input af-

fects the waveforms of outputs FILL, VELa, and Eva. Refer to Figure 3. 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to GND.) 

Temperature Range ............. .' ............ 0°(: to 70°C 
SupplyVoltage {Vccl ......... , ................. 12V±JO% 

PowerSupplyVoltage, Vcc ............ : , ............. 14V 
Terminal Voltage Range 

YR, .................................... -0 . .3t07.0V 
POSI .••............................ -O.3toVR +O.3V 
DIN,POSA, POSB, DIFA, DIFB, VELE, VELC, MODE, DIS( 
lLl .......................... , .... -0.3 to Vcc+o.3V 

Storage Temperature Range ................ -65°Cto +150°C 
Junction Temperature .......... : ...... :.......... + 125°C 
Lead Temperature (Soldering, IOSee) ..... , .......•.... 260°C 

ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions of Ycc= 10.8 to 13.2 V, and YR = S.Ov, unless 
otherwise specified. (See Note 1.) , 

SYMBOL PARAMETER CONDITIONS UNITS 

Power Supply 
Icc .1, Vcc Supply Current I Outputs unloaded 38 60 rnA 

DIGITAL INPUT 10UTPUT CHARACTE RISTICS 

Inputs DIN and Mode 
VIH Logic High Voltage 2.0 V 

IIH LogicHigh Current VIH -2.4V -40 1 40 ,..A 

VIL Logic Low Voltage 0.8 V 

IlL Logic Low Current VIL =O.4V -100 -50 0 ,..A 

Input DIS (Ml4413 Only) , 
VIH Logic High Voltage 2.0 V 

IIH Logic High Current VIH=2.4V 0 180 250 ,..A 

VIL logic Low Voltage 0.65 V 

Outputs TCO and TRIO( 

VOL Output Low Voltage IOL =1.6mA 0 0.4 V 

VOH OutputHighVoltage IOH-50,..A 2.4 V 

tpD Propagation Delay CL = 15.pF 200 ns 

VTH Track Comparator Window + and - relative to VR 235 257 270 mV 

Outputs CMPl and CMP2.(ML4413 Orily) 

Vol: Output Low Voltage IOL =0.4mA V 

VOH Output High Voltage IOH=-50,..A V 

Output DECO 

VOL I Output Low Voltage IIOL -1.6mA 0 0.5 V 
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ELECTRICAL CHARACTERISTICS (Continued) , 
The following specifications apply over the recommended operating conditions of Vee -10.8 to 13.2 V, and VR = S.Ov, unless 
otherwise specified. (See Note 1.) 

SYMBOL PARAMETER CON.DITIONS UNITS 

ANALOG INPUT IOUTPUT CHARACTERISTICS 

Outputs Fill, VEtO, COMPO, and EVO 

VOST Input Offset Voltage EVO, FILL 2 mV 

Vos2 Input Offset Voltage COMPO -5 5 mV 

VOS3 VElD Variation in output level in -10 10 mV 
Input Offset Voltage Tracking 4 mUltiplex states with 
Between 4 Multiplex States DIFA-DIFB-5V 

SRT Slew Rate FILL 4 VI/Js 

SR2 Slew Rate COMPO, VElD, 1 VI/JS 
EVa 

VOUT Output Range All 1.0 9.0 V 

'SRCT Source Current CaMp, VElD, 3 mA 
FILL 

ISRC2 Source Current EVa 1.5 mA 

ISNKT Sink Current FILL 0.25 mA 

ISNK2 Sink Current EVa, VELE 2 mA 

ISNK3 Sink Current COMPO 4 mA 

Operational Amplifiers 

Vas Input Offset Voltage 2 mV 

Ie Average Temperature Coeff of 20 INloC 
Input Offset Voltage 

los Input Offset Current .'. 10 nA 

18 Illput Bias Current 100 nA 

AVm Open Loop Gain 200 VlmV 

GBW 'Gain Bandwidth Product . 1 MHz 

POSA POSB Comparators , 
Vos Input Offset Voltage 2 mV 

VHvS Hysteresis ±500 mV 

Ie Average Temp Coeff of Input 20 /iVloC 
Offset Voltage 

los Input Offset Current 50 nA 

' 8 . Input Bias Current 500 nA 

Av Voltage Gain 200 VlmV 

Pd Response Time 500 ns 

NOte 1: O°C to +70°C operating temperature range devices are 100% tested with temperature limitS guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. ' 
Note 2: Typicals are parametric norm at 25°C 
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FUNCTIONAL DESCRIPTION 
Power Supply and Refurence Requirements 
The Ml4403/4413 oper;ltes from a single 12V ± 10% 
power supply, a 5.0V reference is required at pin VR 
which is available from pin V~EF on the Ml4401/4431,' 
VR serves as a system reference or "analog ground". 

Modes of Operation 
The deviCe has two mopes of operation, Access and Hold 
mode, which are controlled by pin MODE. To accomplish 
this, pin MODE controls the output multiplexer that selects 
either the velocity or position error signal. 

Access Mode 
The head actuator servo system uses Access mode to move 
the recording head(s) from one data track to another. Access 
mode circuitry within the ML4403!4413 includes analog 
functions necessary to measure and control head actuator 
velocity. The head velocity is controUed in a fashion that 
provides for a fast track-to-track movement and minimum 
settling time, which results in minimum track access time. 

Actuator Trajectory 
Similar to racing to the next stop sign, the fastest WilY to move 
from one data track to the next is through maximum acceler
ation and maximum braking (negative acceleration). In a disk 
drive the acceleration, either positive or negative, is governed 
by maximum available actuator current. To do this in a con
trollal;>le manner arid land ori the target track, an achievable 
"braking curve" or trajectory function is first defined. At the 
beginning of Access'mode, maximum acceleration is applied 
until the head velocity reaches this defined braking curve. 
Following the velocity profile ofthe trajectory curve, con
trolled braking stops the head on the targettrack. 

Unlike acceleration, velocity and distance are accurately 
measurable and therefore controllable parameters. The, tra
jectory function, as shown in Figure 2, is therefore expressed 
as velOcity (track crossing rate) vs. distance (tracks to go), The 
desirable constant positive and negative acceleration will 
result in the expression of velocity as a functiOh of the square 
root of distance. Therefore generation of the trajectory curve, 
velocity vs. distance, requires a non-linear function. 

Actuator Trajectory Generation 
At the start of a track access cycle, initialtracks-to-go count is 
supplied by the microprocessor. As the head moves, the 
count is decremented by the ML44G3i 4413 track crossing 
detector. To generate the analog "desired velocity" signal 
required for braking control, thetracks-to-go count (distance 
variable) is converted through a DAC (Digital to Analog Con
verter) with a non"linear square function included either 
before or after the conversion. One common approach used 
'to obtain this non-linear function is to pre-process the tracks
to-go count(or multiple thereof) in the microprocessor. This 
can be performed algorithmically by the use of a look up 
table. 

An alternate method,as shoWn in the typical application of 
figure 5' places the non-linear function after the OAC conver
sion; The tracks:.to-go count is maintained ,by a simple dis
crete down-counter that is initialized by the microprocessor. 
To eliminate the DAC steps and provide a smooth distance 

'sigrilll, the DAC output is~ummedwith the Ml4403/4413's 
FilL output in the external summing amplifier shown. The, 
FilL output generates a sawtooth wave, as,shown in Figure 3., 
This distance signal is then passed through the non-linear 
trajectory generator which generates the~"desired velocity" 
signal used during braking: Generating a smooth trajectory 

,curve reduc~ electrical! mechanical system oscillation and 
target track settling time. 

Inductance-cilUsed,actuator lag can also create a target track 
overshoot problem. The trajectory curve generator, as indi
cated, can be designed to allow the microprocessor to mod
ify the non-linearfunction in a way to accountfor this lag. 
Refer to Figure 2. The amount of lag will depend on duration 

. of braking. Braking duration can be correlated against accel
er;ltion duration which is indicated by the timing of pin 
DECO. 

The track crossing detector, which drives the trajectory posi~ 
tion counter (see Figure 5), is generated with :externallogic. 
The inputcomparators have a fixed amount of internal hys
teresis to provide noise immunity and media dropouts. The 
CMPl and CMP2 outputs on the ML4413 can be used to 
perform more sophisticated sequential track crossing detec~ 
tion schemes. This can furtherreduce the detector~s suscep
tability to media dropouts. 

Hold Mode 
At the end of an Access cycle, the head is stopped, or nearly 

. so, on the target track. Hold mode is then selected. to main
tain accurate head positioning on that track. In this mode,the 
compensator output (CMPO) is multiplexed into the error. 
amplifier output (EVa). 

Track Selection 
Track position is held by maintaining a z~ro value of the posi
tion input signal, with respect to YR. However, to allow selec
tion of one of four track types arid maintain error signal 
polarity, selection of POSA, POSB, or their inverse needs to 
be possible. Commonly this selection process is accom
plished with an analog multiplexer-inverter matrix. The prob: 
lem inherenlwith this approach is the track-Io-track offset. 
differences, caused by the amplifier inp!Jt offsetdifferences 
within the matrix. ' 

,.' The track selection scheme adopted by the Ml4401/4431 
and Ml4403/4413 combination performs the multiplexing 
within the Ml4401/4431. The selection/inversion 
operation is performed with the external support logic of 
the Ml4401/4431 by changing the peak detector sample 
timing. This method eliminates the offset problems and 
allows a higher track density. 



Position Amplifier and Compensator Zeroing 
During track following mode (mode low), the compensator 
amplifier acts as an integrator which nulls out the position 
error. The timing of the transition between access mode and 
track follow is critical to minimize settling time. The velocity 
at which this transition occurs can be externally set by resistor 
RCMP (see Figure 5). During seek mode, the large compensa
tor capacitor (CCMP) is discharged through an internal 
switch, so that the integrating loop-sees no initial charge at 
the beginning of track follow mode. This can reduce settling 
time by several milliseconds. 

The ML4413 provides a further enhancement of this feature. 
The switch can remain closed after the beginning of the seek
to-track follow transition by holding pin DIS high. In this way, 
the time at which the logic switches modes, and the time that 
integration begins can be controlled independently, and 
further settling time reduction can be acheived. 

On-Track Detector 
The on board on-track detector is a window comparator that 
provides a digital alarm of an off-track condition. This feCiture 
is useful as a safety to prevent data transfer during an off-track 
condition that may occur during track settling or mechanical 
jarring. 

Velocity Control 
As a riecessary element of velocity control, a velocity 
signal is generated and is output at pin VELa. To 

TRAJECTORY FUNCTION 
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accomplish this, the quadrature position signals are first 
differentiated through external RC networks and then 
input into pins DIFA and DIFB. The ML4403/4413 then 
time multiplexes these differentiated signals to obtain a 
continous velocity signal that is output at pin VELa. It is 
important to note that the trajectory generator shown 
in Figure 5 generates a "desired velocity" signal positive 
with respect to VRi and that VELa creates a negative 
signal with respect VR. This allows the use of a simple 
external resistor bridge to create the velocity error 
signal. 

The summing function can be modified, as illustrated, by the 
action of pin DECO when the actual velocity reaches the 
trajectory curve. Modification can also be made just prior to 
that time with the "optional trCljectory overshoot compensa
tion" circuit, shown in Figure 5, that prevents overshoot due 
to actuator motor inductance. 

Inductance-c~used actuator lag can also create a track over
shoot problem. The trajectory curve generator, as indicated, 
can be designed to allow the microprocessor to modify the 
non-Iinearfunction in a way to account for this lag as shown 
in Figure 2. The amount of lag will depend on duration of 
braking. Brakingduration can be correlated against accelera
tion duration which is indicated by the timing of pin DECO. 

POSB INPUT 

POSA INPUT - -"'X/ 
, CMPl OUTPUT 

CMP20UTPUT 

TRKXOUTPUT 

DIN INPUT 

Figure 3. 
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ORDERING INFORMATION 
PART NUMBER 

Ml4403CP 
ML4403CQ 
Ml4413CP 
Ml.44J3CQ " 

TEMP. RANGE 

O°C to +70°C 
O°C to + 70°C' 
O°Cto +70°C 
O°C to +70°C 

PACKAGE 

MOLDED DIP (P20) 
MOLDED PCC (Q20) 
MOLDED DIP (P24) 
MOLDED PCe (Q28) 
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GENERAL DESCRIPTION 
The ML4404 Trajectory Generator provides the 
trajectory function for time optimal head positioning 
systems. The ML4404 receives position and velocity 
information from a servo controller, such as the 
ML4403, and generates the desired time optimal 
velocity trajectory. Desired Velocity is then compared 
with the actual velocity to create the error signal used 
by the servo controller. 

An anticipate function is included to compensate for 
phase shift error caused by actuator inductance. 
Another feature on the ML4404 is an error measure 
output which averages the velocity error during 
deceleration, so that the control system can monitor 
and adjust the necessary transducer gain for minimum 
access time. 

The servo system usually requires accurate analog 
voltages to be set through software control. Th is is 
easily accomplished with a duty cycle to current 
translator function on the ML4404. By controlling the 
duty cycle of a TIL line, a processor can set an analog 
voltage on the translator output. These translators are 
fully independent blocks which can be used anywhere 
in the control system. 

BLOCK DIAGRAM 

May 1992 
PRELIMINARY 

ML4404 

Trajectory Generator 

FEATURES 
• Flexible architecture allows a user defined 

trajectory function 
• Anticipate function compensates for phase delay 

caused by actuator inductance 
• Feed forward function improves system stability 
• Uncommitted PWM to current translators allow an 

analog voltage to be set with microprocessor 
control 

• Single +12V power supply 
• Compatible with Micro Linear's ML4401, ML4431 

Demodulator, ML4402, ML4406/07108 Driver, and 
ML4403, ML4413 Controller 
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PIN CONNECTIONS 

PIN DESCRIPTION 
PIN # 

ML4404 NAME 

MSB 

2 LSB 

3 ISH 

4 TRAJIN 

5 ISUM 

6 RYvos 

7 PWMOUTB 
8 PWMOUTA 
9 P\AlMINA 

10 PWMINB 

11 NC 
12 DIR 

ISUM 

RYvos 

PWMooT8, 

PWM,ouTA 

PWMINB 

NC 

ML4404 :l8-Pin PL~C 

,ISH MSB VREF 
TRAhN I ISO I EAMPIN I EMEASoUT 

4 3 '2 1 28 27 2~, 

12' 13 "14 15 16 17 18 

TOP VIEW 

'FUNCTION 

EAAlPOUT 

GND, 

Vee 

ANTICIPATE 

ELATCHOUT 

DECEL 

TRAJoUT 

Pulse width modulated (PWM) DAC TTL input (active low). The DAC output 
current is the position input to the trajectory generator. The MSBILSB ratio is 8/ 
1~ The duty cycle of these two TTL inputs are controlled by a processor to form 
an B-bit PWM DAC. The 3 higher order bits are modulated into the MSB. 
Pul,se width modulated (PWM) DAC TTL input (active low). The Slower order 
bits are modulated into the LSB input. 
A resistor (RSH) from this pin to VREF sets the internal bias levels. ISlAS ~ 3 V / RSET. 
The nominal value should be between 0.25 and 0.5 rnA. 
The trajectory generator input. This node is connected through an external filter 
to the sum of the PWM DAC output and the multiplier output. 
The trajectoryOAC output which is summedwith the multiplier output feed
back. An external RC filter network from this pin to TRAJIN smooths out PWM 
DAC ripple. ' , 
Nulls out the offset of the trajectory curve at the origin. A resistor equal to RY is 
connected from this pin to VREF. This pin is available only onthe ML4404. 
PWM to current translator output. ' ", 
PWM to cwrent translator output. , , 
TIL ir:lput for the P\A1M to Gurrer:lt trilr:lsliltor This GOr:l''erter trilr:lSI iltes ii, si8r:lill's 
duty cycle to an,analog voltage: 
TTL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 
No Connection. 

"": 'TTL direction input fromtne processor. Controls the polarity of the V /1 converter 
output. 



PIN DESC~IPTION (Continued) 

PIN# 

ML4404 NAME 

13 VIOUT 

14 RSENSEA 

15 RSENSEB 

16 RY 

17 RXB 

18 RXA 

19 TRAJoUT 

20 DECEL 

21 ELATCHoUT 

22 ANTICIPATE 

23 Vee 
24 GND 
25 EAMPOUT 

26 EMEASoUT 

27 VREF 

28 EAMPIN 

ML4404 

FUNCTION 

The VII converter output. This circuit block monitors the differential voltage 
across the sense resistors of an actuator driver (such as the ML4402) and con
verts it to a bidirectional current whose scale factor is set by two external resis
tors. This current can be used to compensate for a noise reducing low pass filter 
in the output of the velocity transducer so that there is no net phase shift in the 
velocity signal. 
A gain setting resistor is_connected from this input to the sense resistor on the 
bridge driver. 
A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 
A resistor (RY) is connected from this pin to VREF. RY and RX set the second or
der term of the trajectory curve. 
A resistor (RX) is connected between RXA AN D RXB- to set the second order term 
in the trajectory curve. 
A resistor (RX) is connected betweenRXA and RXB to set the second ord€r term 
in the trajectory curve. An additional resistor (RK3) can be connected from RXA 
to either the trajectory output (TRAJoUT) or to VREF to set the third order term. 
The trajectory output. This voltage relative to VREF is proportional to the desired 
velocity. A resistor and capacitor from this pin to TRAJIN sets the first order term 
and the loop compensation. -
Decelerate mode TIL input from the servo controller (such as the ML4403). 
When low (during accelerate) the anticipate output becomes a voltage follower, 
the error measure output is a high impedance, and the error sign is latched. 
When high (during deceleration) anticipate goes to high impedance, error mea
sure integrates the velocity error, and the error sign 'latch is transparent. 
The latched sign of the access loop error during deceleration. This TIL output 
can be used by the processor to adjust the velocity transducer gain to match that 
required by the mechanical system. 
Modifies the trajectory curve during acceleration and the accelerate todeceler
ate transition. This accounts for thetime delay error caused by the actuator in
ductance. 
+ 12 V power supply. 
Ground. 
Error amplifier output. The positive trajectory output (desired velocity) is 
summed with the negative velocity input (actual velocity) to form a difference 
output. The velocity input comes from the servo controller (such as the 
ML4403). 
Error measure output. This output averages the value of the access loop error 
during deceleration. 
The analog zero reference point. This pin is intended to be driven with the 
ML4401 VREF output. The ML4404 has an internal 5 V reference connected 
through a current limiting resistor to this pin so that standalone operation/ 
evaluation is available. 
Error amplifier input. The INPUT summing node for the trajectorY and velocity 
signals. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, Vcc ........................... 14 V 
VRE~ RSENSEA, RSENSEB ....................... -0.3 to +7V 
TIL Inputs, IBIAs, ELATCHOUT .................. -0.3 to +7V 
PWMOUTA' PWMOUTB' PWMOUK ........ -0.3 to Vcc +O.3V 
Anticipate,VIOUTiEAMPouT ............. -0.3toVcc +0.3V 
EAMPIN, TRAJIN ....................... -0.3toVcc +0.3V 
ISUM ............................... VREF -lto VREF +1V 
TRAJoUT' RXA, RXB, RY, RYvos .......... VREF - 1 to Vcc +0.3V 
Storage Temperature Range ................ -65°C to +150°C 
Junction Temperature (TJ) ....•.•....•.........•... + 125°C 
Lead Temperature (Soldering, 10see) .................. 260°C 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 
(See Figure 7) 

Temperature Range .......................... O°C to 70°C 
Supply Voltage (vcc) .......................... 12V±10% 
RSET ............................................ 6.2K 
RK1 ............................................ 110K 
RY .............................................. 3K 
RYvos ........................................... 3K 
RX ............................................. 6.8K 
RK3 ....................................... 12 K to VREF 
CCOMP ................................. :...... 56 pF 
CF1 ........................................ O.oo22).1F 
CF2 ........................................... Open 
RF .............................................. 10K 
RLOAD ..................................... 20K to VREF 

The following specifications apply over the recommended operating conditions of Vee = 10.8 to 13.2 V, VREF = 5 V, TA = 0 to 700 e, 
RFlLT= 10K, RY - RYvos= 3 K, RKl -lOOK, RX-6;8K, RSET=6.2Kand RK3=12K to VREF unless otherwise specified. (See Note 1.) 

SYMBOL PARAMETER CONDITIONS UNITS 

DC CHARACTERISTICS 

Icc I Power Supply Current 23 35 mA 

DIGITAL INPUT IOUTPUT CHARACTERISTICS 

(Inputs PWMINA B C MSB LSB DIR) , , , , , 
VIH Logic High Voltage 2.0 V 

IIH Logic High Cu rrent VIH -2.4V -40 10 40 j.tA 

VIL Logic Low Voltage 0.8 V 

IlL Logic Low Current VIL -O.4V -40 1 40 j.tA 

Inputs (DECEL) 

VIH Logic High Voltage 2.0 V 

IIH Logic High Current VIH -2.4V -250 5 40 j.tA 

Vil Logic Low Voltage 0.8 V 

IlL Logic Low Current Vll -O.4V -1600 -850 0 ).IA 

Outputs (ELATCHOUT) 

VOl Output Low Voltage 10l-1.6mA V 

VOH Output High Voltage V 

Trajectory Amplifier (See Note 3) 

IB Input Bias Current 0 7 20 nA 

Av Open Loop Gain 75k VIV 

BW Unity Gain Bandwidth 1 MHz 

PHIM Phase Margin 75 DEG 

Velocity Error Amplifier 

Vos Input Offset Voltage -10 10 mV 

IB Input Bias Current 0 50 300 nA 

Av Open Loop Gain 120k VIV 

ISOURCE Source Current 4 8 mA 

ISINK Sink Current 1 2 mA 

BW Unity Gain Bandwidth 1 MHz 

PHIM Phase Margin 75 DEG 

VOUT Output Voltage Range 0.5 Vcc -3 V 
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ELEORICAL CHARAOERISTICS (Continued) 
The following specifications apply over the recommended operating conditions of Vee = 10.8 to 13.2Y, VREF = SY, 
T A = 0 to 70·C, RFILT = 10K, RY = RYvos = 3K, RK1 = 100K, RX = 6.8K, RSET = 6.2K and RK3 = 12K to VREF 
unless otherwise specified. (See Note 1) 

SYMBOL PARAMETER CONDITIONS UNITS 

Biasing 

ISET Voltage 2.00 2.02 2.06 V 

PWM to Current Translators 

ICHARGEIISET, IDIS/lsET PWMOUT = 5.0V 0.98 mA/mA 

ICHARGE/ID1S PWMOUT = 5.0V 0.910 0.99 1.10 mA/mA 

VOUT Output Voltage Range 1.5 9 V 

Transconductance Amps 

VOS Input Offset Voltage -10 10 mV 

gm Transconductance 1700 pMhos 

IOUTMAX Max Output Current 90 pA 

IB Input Bias Current 4.5 pA 

Latch/Comparator 

IB Input Bias Current 0 2 10 pA 

Vos Input Offset Voltage VTRAJOUT @ 5V -10 10 mV 

Av Open Loop Gain 15k V/v 

tad Propagation Delay CL = 10pF, RL = 2K to VREF 60 ns 

V/I Amp 

IOS/ISENSE Sense Current Offset ISENSEA = ISENSEB -2 0 2 % 
*100 0.1 mA < ISENSE < 1 mA 

V10UT = 5V 

VSMAX Max RSENSE Voltage 0.5 0.64 V 

VOUT Output Range 1.8 9 V 

Trajectory DAC 

IMSB"SET MSB Current mNmA 

IMSB/ILSB MSB to LSB Ratio mA/mA 

Trajectory Multiplier (Note 4) 

VOS VOUT - VREF at Origin VOUT at ISUM = 0 -5 5 mV 

VTRACK1 : VTRACK32 (VOUT at ILSB/32)/(VOUT at ILSB) 0.090 0.140 mY/mY 

VTRACK2 : VTRACK32 (V OUT at 'lSB/16)/(Vour at ILSB) 0.165 0.205 mVlmV 

VTRACK4 : VTRACK32 (VOUT at ILSB/8)/(VOUT at ILSB) 0.270 0.320 mY/mY 

VTRACK8 : VTRACK32 (Vour at 'LSB/4)/(VOUT at ILSB) 0.430 0.470 mY/mY 

VTRACK16 : VTRACK32 (VOUT at ILSBI2)/(VOUT at ILSB) 0.660 0.695 mVlmV 

VlSB VTRACK32 VOUT at ISUM = ILSB 0.935 1.035 V 

VCROSS Crossover Error (V OUT at ISUM = ILSB) - -25 +10 mV 
(VOUT at ISUM = IMSB/8) 

VTRACK32 : VTRACK256 (V OUT at 'MSB/8)/(VOUT at 'MSB) 0.305 0.325 mY/mY 

VTRACK64 : VTRACK256 (VOUT at IMSB/4)/(VOUT at 'MSB) 0.450 0.470 mY/mY 

VTRAcK128 : VTRACK256 (Vour at IMSBI2)/(VOUT at IMSB) 0.670 0.685 mY/mY 

VTRACK192 : VTRACK256 (VOUT at 'Mss*3/4)/(VOUT at IMSB) 0.840 0.860 mY/mY 

VMSB VTRACK256 VOUT at ISUM - 'MSB 3.070 3.225 V 
(Full Scale + 1) 

PSRR Supply Rejection at Origin 0.2 mV/v 
at Full Scale 2 mV/v 

Note 1: ooe to +70oe operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25°C. 
Note 3: Minimum recommended load resistor is 101<0 from the trajectory output to VREF• 
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FUNCTIONAL DESCRIPTION 
Power Supply and Reference Requirements 
The ML4404 operates from a single 12V power supply. 
In addition, ,a 5.0Y reference is required at pin VREF 
which is. available from the ML4401, ML4431. VREF 
serves as a system reference or "analog ground". 

Biasing 
All of the critical internal biasing on the ML4404 is set 
as a fu nction of an external resistor, RSET' An i ntemal 
feed-back loop forces, the voltage on ISET (pin 3) to be 
2.0V. RSET is connected from this pin to VREF (S.OV) and 
the resulting current is used in the multiplier and duty 
cycle-to-current translators. 

IBIAS= (VREF- 2)/RsET= 3V I RSET 

The nominal value of IBIAS should be between 0.25 and 
0.50mA. 

Trajectory Multiplier I Amplifier 
The TrajectorY Multiplierl Amplifier generates the optimal 
velocity output from the position-to-go input. The optimal 
velociWis the TRAJoUT voltage relative to VREF' The input 
position is set by the duty cycle of the MSB and LSB-inputs. 

Ouring an access operation, the actuator is first driven to 
maximum acceleration, and then into braking or decelera
tion. To minimize acc~s times the trajectory curve (velocity 
vs position) during deceleratioQ must be accurately con
trolled so that the head stops exactly on the desired track 
(without overshooting or undershooting). The head is driven 
to maximum acceleration until this braking curve is reached. 
Then the velocity is controlled to follow this optimal trajec-
tory during deceleration. ' 

According to the theory for iI second order system, time 
optimal access is achieved if the position is proportional to 
the square of velocity (P= KV2, or V = KP1/2). However, in the 
real system environment, this theory needs modification in 
two important areas. First, as shown in Figure 1, the slope of 
the trajectory at the origin (final position) is infinite for a pure 
square root function. This infinite slope would result in an 
infinite bandwidth servo loop. As a result, a first order linear 
term needs to be included which will reduce the slope of this 
curve near the origin. Second, at large velocity, the square 
root function is not quite.bptimal, due totlon-zero actuator 
inductarke. A higher order term to modify the curve in this 
region needs to be included. ' 

This trajectory curv~, with its first, second, and third order 
terms is implemented with a multiplier in the feedback loop 
of an opamp (see Figure 2). The position input is a current 
which is a fraction of I BIAS, as discussed in the trajectory DAC 
section below. The first order term is implemented with a 
feedback resistor (RK1) directly in the feedback path ofthe op 
amp. This transfer function of this IIV converter is expressed .. 
by VOUT= RKl • liN. The second orderterm comes from the 
multiplier. 

liN = (VOUT2 /(2.25IBIAS *RX * RY)) 

With both terms together, 

VOu'T' + VOUT2 

IN = RKl 2.25 IBIAS * RX* RY 

:.', 

The first order term dominates near the origin, and the sec
ond order term dominates, at higher velocities. 
The multiplier is modified by the addition of a resistor (RK3) 

. .which results in the third order term. This resistor is con
nected from RXA (pin 18) to either TRAJouTor VREF· As 
shown in Figure 3, the shape of the trajectory curve for large 
velocities can be adjusted in either direction from nominal, 
depending on which pins RK3 is connected between. It 
should ,be noted that the above equations are only approxi
mate:The actual multiplier transfer function 'is not a pure 
second order function, even with RK3 unconnected. The 
multiplier is designed to approximate the required trajectory 
for most typical servo systems. For most applications, very 
ilitle correction with RK3 will be required. On the ML4404, 
an additional resistor (RYVOS) equal to RY can be included 
which nulls the offset of the curve near the origin. 

Since the resistors RSET, RK1, RX, RY, RK3, and RYv,os are all 
external, any desired trajectory canbe set The constraints on 
these values are as of follows: 

VOUTMAX<1.5 * RX • IBIAS 
VOUTMAX>1.5 * RY * IBIAS 
Voun.iAx<3.5V 
6k<RsET<12 k for VREF=5V 
RFILT<RK1/10 
RFILT • CFlLT2 <RKl • CCOMP 
RLOAD> 10 k to VREF 

VOUTMAX is'the maximum trajectory output voltage (relative 
to VREF). 

Trajectory DAC , . 
The trajectory OAC creates, a position input for the trajectory 
multiplier. The position input is controlled by the duty cycle 
of the TIL inputs MSB and LSB. For most applications the 
position information will be digitallyencoded toB-bit 

. resolution - each code representing one track. Therefore,the 
full scale input of the trajectory curveis 255 tracks. The input 
current corresponding to this.full scale is IBIAS. 

Since the duty cycle of a single line is difficult to control to 
0.4% (1/256), the duty cycle to input currenttranslator sec
tionis divided into 2 signals (MSB and LSB). As shown in 
Figure 4, the ratio between'thesetwo currents is B/l. The 5 
lower order bits of code are modulated into the LSB input, 

. and the 3 higher order bits into the MSB input. For example, 
a position input of 32 tracks would correspond to the MSB 
lineal\yays inactive, and the LSB line always active. 256 
tracks would be MSB always active,and the LSB always 
inactive. 1 track would be MSB always inactive, and LSB 1/32 
ofthe period active. 

In general for an 8-bit binary code 07 06 05.04030201 
DO wilele D7 is tile iligil OIdel bit, tile active duty cycle for 
theMSB input is 07 D6 05/B and the active duty cycle for 
the LSB input is 04 03 02 0100/32. For example 10100011 
(163 tracks) would be active 5/8 of a period on the MSB, and 
3/32 of a period on the LSB. 
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The AC response of the trajectory output is primarily con
trolled by the external components CFIlTI,. CFIlT2, RFIlT, RK1, 
and CCOMf> Four parameters must be considered to deter. 
mine the values of these components. 

First, the value of RKI is set based on the bandwidth of the 
servo loop. RKI sets the gain of the trajectory function at the 
origin. As the system bandwidth increases, more gain is re
quired near the origin, and the value of RKI increases. 

Second, the exponential decay rate of the trajectory output 
during deceleration must be fast enough for the mechanical 
system to dominate the loop response. As the head ap
proaches the target track, the multiplier (2nd and 3rd order 
terms) becomes less significant, and the first order term domi
nates. In this region, the exponential decay is dominated by 
the RKI • CCOMP product. This prqduct should be set at a 
frequency which is a few times higher than that of the posi
tion loop bandwidth, so that the overall phase margin is not 
significantly degraded. 

Third, the filter components should be set such ,that the rip
ple from the trajectory DAC is minimized. Once the values 
for CCOMP and RKI have been set, then the values of the 
remaining components, CFlLTl, CFIlT2, and RFIlT, can be de
termined. As the capacitance and resistance of these 
components increase the PWM ripple from the trajectory 
DAC is reduced. Due to the nonlinear nature of this circuit 
block, a mathematical analysis of the ripple is quite cumber
some, so the values of these components are best chosen 

Figure 2. 
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empirically. The PWM ripple is dependent on RFllT, CFIlT1, 
CFIlTl, as well asthe duty cycle (50% duty cycle on the MSB 
will result in the largest ripple), and the frequency of modula
tion (the ripple is proportional to the square of the period). 

Fourth, the RFIliCFIlT combination must be set such that the 
dynamic response of the trajectory output does not over
shoot during deCeleration. Ideally, the RC combination 
should be set such that the system is critically damped to a 
maximum deceleration input. 

Note that a tradeoff exists between 'the ripple amplitude and 
the transient response. Too large a value of RFIliCFllT will 
cause an overshoot in the transient response, anda low rip
ple level. Too sma.II a value will provide acceptable transient 
response, but a large ripple amplitude. A range of values 
exists for most applications which results in acceptable per
formance for, both ripple and transient response. 

Antidpate 
The function.of the anticipate block is to modify the trajec
tory curve during acceleration. This compensates for the 
actuator inductance delay during-the accelerate-to
decelerate transition. 

At the start of a access operation, the actuator is driven into 
acceleration. The actuator velocity increases until either the 
maximum velocity is reached; or the trajectory deceleration 
curve is reached. As shown in Figure 5,.ifthe trajectory curve 
is reached first, then the actuator needs to be driven into 
deCeleration so that the trajectory curve can be followed. 
This accelerate-to-deceleratetransition requires that the 
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TRAJECTORY FUNCTION 
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current in the actuator be reversed. Since this cannot happen 
instantaneously (due to actuator inductance), a phase shift 
results. The actuator will then overshoot the desired trajec
tory, and miss the target track. However, if the curve can be 
modified (see Figure 5) such that the accelerate-to-decelerate 
transition begins before the nominal trajectory is reached, 
this overshoot problem can be eliminated. This function is 
implemented with a switched transconductance amp. Dur
ing acceleration (DECEL input low), the anticipate output 
becomes a voltage follower-the anticipate signal is identical 
to the TRAJoUT signal. An external resistor from anticipate to 
TRAJIN will modify the trajectory curve as required. During 
deceleration,the anticipate.output becomes a high impe
dance and the normal trajectory curve is followed. 

In addition to the external resistor, an external capacitor to 
VREF sets the anticipate decay time constant equal to the 
current reversal time for the actuator. . 

Velocity Error Amplifier 
The function of this block is to subtract the desired velocity 
(from the trajectory output) with the actual velocity (froin the 
servo controller) to create a velocityerrbr output. This error 
output is multiplexed through the servo controller into the
servo driver during access mode (see ML4403, ML4413 data 
sheet). 

Since the polarity of the velocity input from th~ Ml4403, 
ML4413 is the opposite of the trajectory output polarity, the 
difference function is accomplished with a summing ampli
fier, as shown in the application diagram. The summing resis~' 
tors and the feedback resistor are external. .. 

VII Amp-Velocity Filter .' 
The function of this block is to create a low noise velocity 
input. The velocity error amp requires that a Ciean, noise'free 
velocity input be compared w'ith the desiredvelocity (from 
the trajectory output) to create a velocity error signal. 

One way to create this velocity signal is to differentiate posi
tion. HoweVer the differentiated si nal will be noisY,.<;Ind this 
noise can excite the mechanical resonances in the system. 
Another way to create velocity is to integrate acceleration,. 
This eliminates the noise problem, however, the Integrator. 
DC accuracy will be poordue tothe drift. . 

The ML4404 uses beth of. these techniques to achieve 
a low noisetachometer.function which will operate at 
low frequencies. noise from the mechanical. resonanCeS 
is attenuated by the RC .filter •. The filter output is thlm 
summed with a current proportional to acceleration.; .. 

+ 
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The VII amp creates this currerit by monitoring the 
sense resistors in the bridge driver. The resulting 
transfer function has both a pole and a zero, and can 
be expressed by: 

~ _R*(M*RSB/(KF*KT*RSA))*S + 1 
VIN - R*C*S + 1 

Where KT ,;. The velocity transducer gain (from differentiator) 

KF = Motor force constant 

M ":Total moving mass 

The above equation is a first order approximation which 
assumes that the, frictional components of the system (such 
as windage) are negligible. Ifthe pole and zero are set to 
identical,frequencies, then an all pass function is achieved. To 
do this, first, set the pole(W '" 11 RC) at a freql,lency much 
lower than the mechanical resonances. Then set the scaling 
resistors, RSA, such that: 

. RSA",M*RSB/(KF"KT*C) 
Note that setting a lower corner frequency results in 
increased dependence on the actuator current being an 
accurate representation.of true acceleration. Some frictional 
terms and bias forces (suer as flex cable forte), as well as 
variations in KF, will distort thisrelationship. The lower limit 
on this corner frequency will be determined by these non 
ideal effects. -

During decelerati.on (DECEL input high) a transconductance 
amplifieris,switched on (see Block Diagram) and the velocity 
error output is integrated through an externaltapacitor. This 
average velocity error i5then compared with VREF and-sentlo 
ELATCHduT (TIL output). . .. 

. , ..., 

5-78 'Micro Line..r· 



During acceleration (DECEL input low) the amplifier is 
switched off (high impedance output) and the external ca
pacitor is discharged to VREF through an external resistor. In 
this condition, the TIL output, ELATCHoUT, is held in its 
previous state. Since the velocity error during acceleration is 
not of interest~ the ELATCHoUT during acceleration is the sign 
of the average velocity error output at the end of the previous 
deceleration cycle. 

The processor can modify the velocity transducer gain 
based on the state of the ELATCHouT signal. 'During a 
power-up sequence, this transducer gain can be 
iteratively adjusted through several seek operations 
until the velocity error is minimized. As described 
below, one of the PWM to current translators on the 
ML4404 could be used to adjust this transducer gain. 

PWM To Current Translators 
The function of this block is to convert the duty cycle of a TIL 
input line to an analog output voltage. To optimize a complex 
servo control system, the manufacturing tolerances of some 
components must be accounted for. Traditionally, the manu
facturing process included an expensive sequence of mea
surement and adjustment to bring each individual unit within 
specification. A more cost effective solution is to perform 
these tasks through software control. 

ML4404 

The ML4404 implements this function with TIL to 
current translators. The external components RpWM 
and CPWM set the desired characteristics. The 
operation of these translators can be expressed by: 

VO-VREF+IBIAS' RPWM' (2' DUTYCYCLE/100-l) 

Thus for a 50% duty cycle, the output voltage equals the 
reference voltage. The output voltage increases linearly with 
the input duty cycle. 

The.external capacitor (CPWM) should be made sufficiently 
large to smooth out the PWM ripple. 

The ML4404 has two translators. These stand-alone 
converters can be used for any purpose, but their 
intended functions are: 

1. To set the AGC reference voltage on the ML4401, 
ML4431 servo demodulator. 

2. To offset the position loop null location for data 
recovery (compensator inputs on the ML4403, 
ML4413 servo controller). 

3. To offset the access arrival point for the trajectory 
(lSUM node on the ML4404). 

TRAbuT EAMP'N ANTICIPATE EAMPOUT vee GND 

.IV\< ....J_r-""'---, 
RXB 

RY 
TRAJECTORY 
MULTIPLIER >-_---+_ EMEASouT 

RYvos I-~::;;::===-J 
TRAhN ~--+-I 

MSB 

LSB 

ISET 

PWMINA 

PWMINB 

ELATCHoUT 

"'----------..... ----t- DECEL 

RSENSEA RSENSEB DIR VIOUT 

• Not available on the ML4404 
•• Not available on the ML4414 

Figure 7. Block Diagram of Trajectory Generator. 
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ORDERING INFORMATION 

PART NUMBER TEMP. RANGE PACKAGE 

Ml4404YCQ MOlDED PCC (Q2B) 
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PRELlMtNARY 

ML4406,· ML4407 

Disk Voice Coil Servo Driver 

GENERAL DESCRIPTION 
The Ml4406· is a voice coil power driver intended for 
use in Hard Disk servo systems. The Ml4406 contains 
all power and control circuitry necessary to drive the 
voice coils of most 3.5" drives. In addition, power fail 
detection and head retraction fu nctions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 NV and 1/24 AN respectively, using a 10 sense 
resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive cicruit, and control 
circuits are each powered ·from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop. 

The power fail detection circuit includes a precision 
2.SV bandgap reference with the option of either 

internally generated power-fail thresholds (Ml4406) or 
open comparator inputs for adjustable thresholds 
(ML4407). 

The ML440.6 is implemented using Micro Linear's 
bipolar array technology. This allows for easy customi
zation of the .IC for a user's specific application. 

FEATURES 
• SOOmA power output with 1.5V total forward drop 
• Low offsets, cross-over distortion and quiescent 

current 
• Pin-programmable transconductance settings 
• Retraction circuitry with programmable retract 

current, voltage limiting, and separate supply pin 
• On-chip precision power fail detect circuitry 
• Over-temperature protection with flag output 
• Logic input available fqr disabling outputs 
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PIN CONFIGURATION 

ML4406/ ML4407 
20-Pin PCC 

RETRACT 
+12V I POWERFAIL 

DISABLE I I +5V 

I(RET) SET 4 

HIGH/LOW 

GND 

V(RET) 

R(SENSE) 

PWR GND B I I PWR GND A 
OUTPUT+ OUTPUT-

PWR Vc 

PIN DESCRIPTION 
PIN NQ NAME FUNCTION PIN NO. 

RETRACT A logic "0" input causes the 11 
main outputs to tri-state and 
the retraction circuit to 
activate. This input also 12 

functions as a flag output and 
will go low in the event of an 13 
over-temperature condition. 

2 +12V 12V power to the circuit and 14 
input to the power fail 
detection circuit. 1S 

3 DISABLE A logic "1" turns off the main 
outputs. 16 

4 I(RET) SET A resistor to ground sets the 
retract current. 

S HIGH/LOW A logic "1" sets the trans- 17 
conductance gain to 1/4 while 
a logic "0" sets the gain to 
1124. Transconductance gain is 
voltage across RSENSE -7 the 
input voltage. 

6 GND Analog Signal Ground. 18 

7 V(RET) Power supply for the retract 
circuit. 

8 R(SENSE) Current sensing resistor 
terminal. 

9 PWR GND B Ground Terminal for power 19 
amplifier. 

20 
10 OUTPUT+ .output ,terminal for bridge 

amplifier. 

5V COMP 

12V COMP 

REF 

CONTKOl

CONTKOL+ 

NAME 

PWRVC 

OUTPUT-

PWR GND A 

CONTROL+ 

CONTROL-

REF 

12V COMP 

SV COMP 

+SV 

POWER FAIL 

'Micro Linear 

ML44061 ML4407 

FUNCTION 

Power supply for bridge 
amplifier. 

Output terminal for bridge 
amplifier. E Ground Terminal for power 
amplifier. 

Positive input for current 
command. 

Negative input for current 
command. 

Reference input to the Power 
Fail comparator. Leave open to 
use internal 2.5V reference. 

Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally conn.ected 
to a resistor divider from 12V 
in the ML4406. 

Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 
to a resistor divider from SV 
in the ML4406. 

SV power supply terminal. 

Open collector output drives 
low if pin 17 or pin'18 are 
below pin 16. Normally tied to 
pin 1. 
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ML4406/Ml4407 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 11, 13, 7, 2) ...................... 14V . 
Voltage Pins 19, 1B, 17, 16, 1, 3, 5 ............ -.3V to +7V 
Pins 14, 15 ...... ;............................. -.3 to +Vee 
Output Current ................................. ±750mA 
Retraction Current ................................. BOmA 
Retract Set Current (Pin 4) ........................... 3mA 
Junction Temperature .............................. 150"C 
Storage Temperature Range ............. :;-65"C to 150"C 
Lead Temperature (soldering 10 sec.) ............. 260"C 
Thermal Resistance (8)A) .................... : .. .... 60"C/W 

ELECTRICAL CHARACTERISTICS 

.. 

OPERATING CONDITIONS. 
Temperature Range ......................... O°C to 70°C 

. Supply Voltage (pWR VC, +12V) ............. 12V ± 10% 
+5V (Pin 19) .................................. 5V ± 10% 

V(RET) (Pin 7) ................................. 2.5V to 16V 
Control + Voltage Range (Pin 15 = 5V) ....... OV to Vee 

. Control - Voltage Range ............... -1V to Vee - 1V 

Absoluje maximum ratings are those values beyond which the device 
could be permanently damaged. Absolute maximum ratings are 
stress ratings only and functional device operation is not implied. 

Unless otherwise specified, TA = Operating Temperatu're Range, Vee = 12V, RSENSE = 10, RLOAD = 150, 
CONTROL- (Pin 15) = Sv, RSET (Pin 4) = 1.2KO. . . 

PARAMETER CONDITIONS MIN TYP MAX I UNITS 

Amplifier 

Offset ±10 mA 

Gain Pin 5 = 2V 238 250 263 mAN 

PinS = 0.8V 39.6 41.7 43.8 mAN 

Bandwidth ' '100 KHz 

Sinking Saturation lour= 100mA .6 V 

lOUT = 300mA .8 

lOUT = 500mA 1.0 

Sourcing'Saturatio,n lOUT = 100mA 1.2 V 

lOUT = 300mA . ' ,.' . 1.3 

lOUT = 500mA 1.5 

Retraction Circuit 

I(RET)SET .75 V 
Turn On Time 300 ns 

Turn Off Time 2 ms 

I(RET) Current : " Pin 1 = O.BV 34 50 65 mA 

Power Fail Detection Circuit 

Reference Voltage 2.35 2.50 2.65 V 

Refer~nce Source Impedance 2.25 kQ 

Comparator Bias Current Ml4407 only, Pin 20 high 50 250 nA 

Hysteresis Current Pin 20 low, Ml4407 only 10 flA 

Offset Voltage Ml4407 only 10 mV 

12V Threshold Ml4406 only 9.5" 10 10.5 V 
Hysteresis Ml4406 only 120 mV 

5V Threshold. Ml4406 only 4.40 4.575 4.75 V 
Hysteresis. " Ml4406 only 30 mV 

LOgiC Inputs 

Voltage High (VIH) 2 1.4 V 

Voltage low (VIL) 1.4 .8 V 

Current High(lIH) VIN = 5V ±10 flA 

Current low (lid :. VIN = OV I Except Pin 1 '-40 -10 flA 

I Pin 1 Only -250 -160 flA 
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ML4406, ML4407 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vee = 12V, RSENSE = 10, RLOAD = 150, 
CONTROL- (Pin 15) = 5V, RSfT (Pin 4) = 1.2kO. 

PARAMETER 

Current Consumption 

Pin 19 ILOAD = 0 

Pin 7 IRET = 0 

Pin 2 + Pin 11 ILOAD = 0 

FUNCTIONAL DESCRIPTION 
POWER AMPLIFIER 

The ML4406 power amplifier circuit is set up as a 
Howland current source with a fixed gain of 1/4 or 1124 
(set by driving pin 5 high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. The 
gain figure refers to the ratio of input voltage to the 
output voltage seen across RSENSE. For example, at a 1/4 
gain setting with V- input at 2.5 and the V+ input at 4.5V, 
+500mA would flow through the coil using a 10 sense 
resistor. Under the same conditions with pin 5 low, the 
current would be 83mA. The ability to change from low 
to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 

Rl 

PWRVC 
11 +12 

OUTPUH 

PWRGNO A 

Rl R(SENSE) 

R3 

vee 

R3 

R3 

Figure 1. Power Amplifier lbpology 

CONDITIONS I MIN TYP . MAX I UNITS 

1 2 mA 

1 2 mA 

10 15 mA 

The output stage (Figure 2) is designed to provide 
minimal saturation losses and employs a "composite 
PNP" for the sourcing drive and a saturable NPN to sink 
current. Sourcing saturation drop is typically .9V while 
sinking saturation drop is typically < O.4v. 
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Figure 2. Main Power Output Stage 
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Figure 3.. Output Saturation Voltage vs •. Output Current 
(Power Ve = 12V) 
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Ml4406, Ml4407 

Power Fail Detect 

The Ml4406 power fail detection circuitccmsists of a 
precision trimmed reference, resistor dividers, and an 
"or:function"compar!ltor with hysteresis. The 10J,lA 
current 'sink on the comparator input lowers, the 
comparator's positive input by lSmV when the output 
of the comparator is high. This creates an effective 
hysteresis of 30mV at the SV input (on the Ml4406). 
The amount of hysteresis and threshold levels can be 
programmed by external 'resistor dividers, on the 
Ml4407. The impedance of the external tlivider sets the 
amount of hystere~is while the divisi()n ,ratio sets the 
power fail threshold. The output at pin 20 is open
collector and is normally tied to pin 1 which is 
internally pulled-up toSv. 

Retract 

The retract circuit features a current sink which is 
programmeq via external resistor from pin 4 to ground 
(RRET)' Theolitp'Ut of the retract circuit is voltage 
limited to 1.4V. The current sink provides an 
acceleration limit during retract while the voltage 
limitedsource provides a velocity limit. Pin 1 (Retract 
Input) also serves as a flag to indicate an over
temperature condition on the die. Pin 1 goes low in 
the event of over-temperature, which occurs when the 
die temperature exceeds a safe operating limit (about 
160"C). 

The retraction current is set by programming RRET 
(figure -4). The retract circuit works down to 3V on 
VRETRACT (Pin 7). 

Compensation 

Figure 6 shows the equivalent AC circuit for the 
transconductance amplifier. 

The amplifier'scurrent bandwidth is limited by COUT 
which varies with the value chosen for RSENSE 

2SnF 
COUT== -'--

RSfNSE 

With no snubber (RS and CS) the bandwidth is limited 
to 

== 1 . /' 2.414 
27T V L(M) C(ODT), 

Since this is a second' order system with L(M) and 
C(OUT) forminga resonant circuit, some damping is 
desirable to reduce ringing in the step response. This 
is accomplished with a resistive snubber. The optimum 
value of R(S) occurs when the following condition is 
met: 

R(S) == 

For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of 
R(S) will result in more ringing and more bandwidth. 
Smaller values of R(S) will result in more ringing and 
less bandwidth. R(S) should not exceed 300ft 
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Figure 4. Retract Current \IS. RSET 

" 

II IIII 
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/ 
I 

./ 
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I 
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Figure 5. lOtal Harmonic distortion \IS Frequency 
low Gain Setting (VPIN 5 = 0), RsENSE = 1 n, VIN = 2.4Vp"p 
High Gain Setting (VPIN 5 = 0), RsENSE= 1 n, \'IN =, 0.4Vpcp 

r---:----' 
1 VCM : Is 
, , , , , 

" , 
cs 

, , COUT , , , RS , ,--

Figure 6. AC Equivalent' Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

C(S) (snubber capacitor) values of between 200nF and 
1pF are usually necessary to achieve the desired 
reduction of ringing in the step response. At the 
optimum value of R(S) larger values of C(S) further 
reduce the ringing but do not affect the bandwidth. 

Tuning the current .loop response can be easily done 
simulating the network in figure 6 with a computer 
simulator (such as SPICE). 
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APPLICATIONS 

MICRO· 
CONTROLLER 

+12V 

17 
CS +5V 

Vee +12V 
PWR.VC 

16 ML2341 
.1I'FI 

OUTPUT+ 
WR 

15 
XFER 

DRO VREF OUT 20 

":" 16 
REF PWR GND A 

.1I'F J. 
RSENSE 

VREF IN ML4406 

Vzs 15 CONTROL+ 

DB7 Your 14 CONTROP-UTPUT-

GAIN 0 
3 PWR GND B 

DISABLE 
19 

GAIN 1 AGND 

DGND 6 

+5V +12V 

19 

11 

10 

13 

·8 

":" 

10 

SERVO 
. COIL 

FROM 

- 20 POWERFAIL V(RET).Ic':-~>-_-_-_-_--fo~"._-_-_- W~~S 
r-----------------------~I~RET~ 

r-----------~------------~HIGH/~ET) SET 4 R(RETI 

Figure 7. lYJlical Application: ML4406 used with ML2341 8·bit DAC provides up to 12·bit effective resolution 

ORDERING INFORMATION 
PART NUMBER 

ML4406CQ 
ML4407CQ 

TEMP. RANGE 

O°C to. +7iioc 
oo~ to +zooC 

'Mic~p Unea,r 

PACKAGE 

MOLDED PCe: (Q20) 
MOLDED pcc (Q20) 

. , 
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PRELIMINARY 

ML4408 

Low Voltage Drop Voi(e· C~il . Servo Driver 

GENERAL DESCRIPTION 
The ML4408 is a voice CQif,power driver intended for 
use in High Performance12V Hard Disk servo systems. 
The ML4408 contains all control circuitry necessary to 
drive the voice coils of most small drives. To maximize 
compliance voltage, the ML4408 includes two 1-Amp 
NPN drivers and provides drivers for external PNP 
transistors. In addition, powedail detec;tiol) and a low 
voltage head retraction functions' are provided for 
orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 AN and 1/24AN respectively, when using a 10 
sense resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dyn.amic range during seek: 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their oWn supplies. 
Retract is self-contained for 12V systems but allows the 
use of an external PNP retraction with as little as 1V of 
back EMF from the spindle. 

BLOCK DIAGRAM 

The power fail detection circuit includes a precision 
1.SV bandgap reference and a power fail comparator. 

The ML4408 is implemented using Micro Linear's 
bipolar array technology. This allows for customization 
of the IC for a user's specific application. 

FEATURES 
• Low saturation voltage «1V at 1A) 
• No. cross-over distortion with low qL,liE!scent 

current 
• Pin-programmable transconductance settings 
• Retraction circuitry wit~ programmable retract 

voltage and separate power pin 
. Ii On"chip precision .power fail detect circuitry 
• Over-temperature protection with flag output 

r- = ---------', ---- ------------- ---1 
r-----I22 POWER FAIL I 
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PIN CONFIGURATION 

Vee 

DISABLE (PWR DOWN) 

HIGH/IDW 

RETR OUT 

RET SET 

GND 

R(SENSE) 

V(REn 

SOURCE B 

PWR GND B 

SINK B 

SOURCE A 

ML4408 
24-Pin sOle 

TOP VIEW 

12V SENSE 

RETRACT 

POWER fAIL 

+5V 

5V SENSE 

COMP 2 

COMPI 

CONTROL

CONTROL+ 

PWR GND A 

SINK A 

SINK A REf 

ML440B 



ML4408 

ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (pins 1, 8) .......... ,.................... .14V 
Voltage pins 2, 3, 23 ............................ , .,-3V ~o +7V 

pins 4, 7, 9, 11, 12, 13, 14, 16, 17, 22 ............ -.3V to Vee 
OUtput Sink Current ...•............................ ;.. ±1A 
Retraction Current .............................. , ...... ,80mA 
Retract Set Current (pin 5) ...................... : ........ , 3mA 
Junction Temperature .......................... :...... 150·C 
Storage Temperature Range ................ -65·C to +150·C 
Lead Temperature (Soldering 10 sec) ................ ,;. 150·C 
Thermal Resistance (8)A) ............................. 6O·C/W 

ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 
Temperature Range .................... : ........ O·Cto +70·C 
Vee Supply Voltage 

12V operation ............................... 10.8V to n.2V 
. +5V (pin 21) Supply Voltage ..................... 4.5V to 5.5V 

V(RET) (pin 8) Supply Voltage 
1ZV operation ................................ 2.5V to n.2V 

Control .. Voltage Range (pin 15 = 5V) ............ OV to Vee 
Control - Voltage Range ................... 2V to Vee - 1.5V 

Unless otherwise specified, TA = Operating Temperature Range, Vee = Operating Range, RSENSE = 10, RcOll = 150, 
CONTROL- (pin 17) = VCC/'b C1 = 30pF, Q1, Q2 = MJE210, RSET = 3.7KCl 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Amplifier 

Offset ±10 rnA 

Gain Pin 5 = 2V 238 250 263 mAN 

Pin 5 = O.BV 39.6 41.7 43.8 mAN 

Bandwidth' 100 KHz 

Sinking Saturation lOUT = 100mA 
, 

.3 V 

lOUT = 300mA .4 V 

lOUT = 500mA .5 V 

Sourcing Saturation lOUT = 100mA .1 V 

lOUT = 300mA .2 V 

lOUT = 500mA .3 V 

Source NB Base Drivti 20 rnA 

Q1/Q2 Standby Current VplN 16 = 5V 4 mA 

Retraction Circuit 

((RET) SET .75 V 

Turn On Time 800 ns 
" 

Turn Off Time 8 JlS 

Source Voltage VPIN 23 = 0.8\1, VPIN 8 = 3V, 0.95 1.2 1.5 V 
IplN 7 = SOmA 

Sink Current VPIN 23 - 0.8\1, VplN 8 = 1.2V, 36 48 60 rnA 
VplN 11 = 0.5V 

RETR OUT VOl VPIN 23 = 0.8\1, IplN 4 = 1mA 0.1 0.4 
, 

V 

Power Fail Detection Circuit 

12V Threshold . :'. 9.5 10 10.5 V 

H~teresis - 12V Sense 120 . mV 

5V ThreShold 4.40 4.575 4.75 V 

Hysteresis - 5V Sense " 30 mV 
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ML4408 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vee = Operating Range, RSENSE = 10, RcOIL = 150, 
CONTROl- (pin .17) = VCCl'b C1 = 30pl; Q1, Q2 = MJE210, RSET = 3.7KO. 

PARAMETER CONDITIONS MIN lYP MAX UNITS 

Logic Inputs and Outputs 

Voltage High (VIH) 2 1.4 V 

Voltage Low (Vld 1.4 .8 V 

Current High (IIH) VIN = 5V ±10 pA 

Current Low (Ill) VIN = OY, except pin 23 -40 -10 pA 

VIN = 0\1, pin 23 only -250 -160 pA 

Voltage Low (pins 22, 23) 1m = 1mA .4 V 

Over-Temperature Detection 

TJ Threshold 160 

Hysteresis 30 

Current Consumption 

Pin 21 Pin 21 = 5.5V 5 7 rnA 

Pin 1 V CC = 13.2Y, V PIN 16 = V CC/2 5 10 rnA 

Pin 8 V PIN 8 = 13.2Y, V PIN 23 = 5V 3.5 5 rnA 

FUNCTIONAL DESCRIPTION 
POWER AMPLIFIER 

The Ml4408 power amplifier circuit (figure 1) is set up 
as a Howland Current source with a fixed gain of 1/4 
or 1/24 (set by driving pin 3 high or low respectively). 
This architecture yields minimal cross-over distortion 
while maintaining low output cross conduction 
currents. The gain figure refers to the ratio of input 
voltage to the output voltage seen across RSENSE. For 
example, at a 1/4 gain setting, with VH input at 2.5V 
and the V(+) input at 4.5Y, +500mA would flow through 
the coil using a 10 sense resistor. Under the same 
conditions with pin 3 low, the current would be 83mA. 
If lower input voltage swings and higher currents are 
desired, the overall transconductance gain may be 
increased by using a lower value of sense resistor, 
however offset current will increase proportionally. The 
ability to change from low to high gain allows more 

. complete utilization of DAC resolution when in the 
track follow mode. 

The output stage is designed to provide minimal 
saturation losses and employs an external PNP transistor 
for the sourcing drive and an internal saturable NPN to 
sink current. Sinking saturation drop is typically under 
OAY. Sourcing saturation drop depends on the external 
transistors used. 

Care should be taken to avoid drawing substrate 
currents due to negative excursions on any pin of the 
Ml4408. Schoktty diodes should be included on both 
sides of the VCM to prevent negative excursions from 
forward biasing the substrate· diodes on the Ie. . 

COMP 1 COMP 2 

R(SENSE) VCCI2 

Figure 1. Simplified Power Amplifier Schematic 
(High Gain Mode) 

Two areas should be considered to avoid high 
frequency oscillation in the output stage: 

1. Choose external PNP transistors with a FT of at least 
50MHz. . . 

2. An RC compensation network should be used to 
cancel the zero presented to the output by the LlR 
of the voice coil motor as shown in figure 2. 

COMPENSATION 

Figure 2 shows the equivalent AC circuit for the 
current amplifier. 
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IC 

COUT 

r ..... -----·, 

VCM : 

IVCM I 
I 
I. 
I 
I 
I 
I 

LM : 
I 
I 

CM : 
___ J 

IS 

Cs 

RS 

Figure 2. AC Equivalent Grcuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

The amplifier's current bandwidth is limited by COUT 
which varies with the value chosen for RSENSE 

C ~ 1200x(CCOMP + 12.8pF) 
OUT ~ 

RSENSE 

Where CCOMP is C1 between pins 18 and 19. With no 
snubber (Rs and Cs) the bandwidth is limited to 

. 1. / 2.414 
F-3dB = 211' V L(M) C(OUT) 

Since this is a second order system with L(M) and 
C(OUT) forming a resonant circuit, some damping is 
desirable to reduce ringing in the step response. This is 
accomplished with a resistive snubber. The optimum 
value of R(S) occurs when the following condition 
is met: 

R(S) 

Figure 3. Output Current: VIN = 100 Hz Sine Wave, lVp_p 
Low Gain Mode (VPIN 3 = 0), RSENSE = 10 

For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. larger values of 
R(S) will result in more ringing and more bandwidth. 
Smaller valuesofR(S) will result in more ringing and 
less bandwidth. C(S) (snubber capacitor) values of 
between 200rtF and 111F are usually necessary to 
achieve the desired reduction of ririging in the step 
response. At the optimum value of R(S) larger values of 
C(S) further reduce the ringing but do not affect the 
bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 2 with a computer 
simulator (such as SPICE). 

POWER FAIL DETECT CIRCUIT 

The ML4408 circuit consists of a precision trimmed 
reference, resistor dividers and an "or function"· 
comparator with hysteresis. The output (open collector) 
of this circuit appears on pin 22. When either. 
comparator input (pins 20 and 24) falls below the l.5V 
reference, pin 22 pulls low. 

RETRACT CIRCUITS 

When pin 23 goes low, pin 4 will pull low. The internal 
NPN transistor will saturate, pulling SINK B (pin 11) low. 
This portion of the circuit will fun-ction with' less than 
1V on V(RET). An internal voltage limited pull-up 
transistor is provided which sources current on pin 7 to'. 
the VCM. This circuit will operated reliably down to a 
V(RET) voltage of around 2.5Y, making the ML4408 
retract circuit adequate for 12V systems where the 
spindie motor EMF provided is adequate. 

.Figure 4. Output Cu~ent: VIN = 1 KHz Sine Wave, 
lVp~p LowGai,n Mode (VPIN 3 ~ 0), RSENSE = 10 
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'Micro Linear ML441 0 

Sensorless Spindle Motor Controller 

GENERAL DESCRIPTION 
The Ml4410 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the Ml4410 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The Ml4410 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4410. Braking and Power Fail are also 
included in the ML4410. 

Two different start-up sequencing (minimum start-up 
time or minimum reverse rotation at start up) 
algorithms are supported by the ML4410. Since the 
timing of the start-up sequencing is determined by the 

BLOCK DIAGRAM 
I" - - - - - - - - - - - - - - - - -, 
I ML4410 
I 

RC 

POWER FAIL 
DETECT 

, - I L ____________ _ - _ __ ~ 

micro, the system can be optimized for a wide range 
of motors and inertial loads. 

The Ml4410 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 
• Back-EMF Commutation Provides Maximum Torque 

for Minimum "Spin-Up" Time for Spindle Motors 
• Accurate, Jitter-Free Phase locked Motor Speed 

Feedback Output 
• linear or PWM Motor Current Control 
• Easy Microcontroller Interface for Optimized Start

Up Sequencing and Speed Control 
• Power Fail Detect Circuit with Delayed Braking 
• Drives External N-Channel FETs and PNP's or 

P-Channel FETs 

PATENTED 

'Micro Linear 5~95 
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Ml441 0 

PIN CONFIGURATION 

PIN 
.. IN #" 

1 

2 

3 

4 

5 

6 

7 

8 

9-11 

12 

13 

14 

15 

ML441 0 
28-"in "CC (Q28) 

"PNP2 GND" "l(UMIT) 

Veo I" PNPI II(CMDII" iiRAKE 

4321282726 

12 13 "14 15 16 17 18 

I(SENSEI I CVCQ I RESET I ENABLE E/A 
< Cos VCO PWR FAIL 

" " OUT 

lOP VIEW 

Vee 

PH3 

PH2 

PHI 

IlRAMPI 

RC 

+5V 

DESCRIPTION 
NAME FUNCTION .. IN # NAME 

eND Signal and Power Ground. 16 RESET 

PNP1 Drives the E;)xternal PNP pow~r 
transistor driving motor PH1. 

PNP2 Drives the external PNP power 17 PWR FAIL 

transistor driving motor PH2. 

Vee2 12V power and power for the 18 ENABLE E/A 

braking function. 

PNP3 Drives the external PNP power 
transistor driving motor PH3. 19 +5V 

COTA Compensation capacitor for 20 RC 

linear motor current amplifier 21 ((RAMP) 
loop. , 

OTA OUT Output of motor current error 
"amplifier, normillly connected to 22 PH1 

"-

OTA IN or to external MOSFET 23 PH2 
gate. 

OTA IN Driving voltage for N1-N3. 
24 PH3 

Normally tied to OTA OUT. 25 Vee 

N1, N2, N3 Drives the external N-channel 
MOSFETs for PH1, PH2, PH3. 26 < BRAKE 

I(SENSE) Motor current sense input. 

Cos Timing capacitor for fixed off-
27 l(lIMIT) 

time PWM current control. 

CYCO Timing capacitor for VCo. 
28 I(CMD) 

VCO OUT Open Collector Logic Output 
from VCo. 

,Micro Linear 

·t: 

FUNCTION 

Input which holds the VCO off 
and sets the ML4410 to the 
RESET condition. 

A "O"output indicates 5V or 12V 
is under-voltage. " 

A "1"logic input enables the 
error amplifier and closes the 
back-EMF feedback loop. 

" 5V power supply input. 

VCO loop filter components. 

,Current into this pin sets the 
initial acceleration rate of the 
VCO during start-up. 

Motor" Terminal 1. 

Motor Terminal 2. 

Motor Terminal 3. 

12V power supply. Terminal 
which is sensed for power fail. 

A "0" activates the braking 
circuit. 

Sets the threshold for the PWM 
comparator. 

Current Command for linear 
Current amplifier. 



ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (pins 4, 25) .......................... 0 • • •• 14V 
Output Current (pins 2, 3, 5, 9, 10, 11) ... 0.......... ±150mA 
logic Inputs (pins 16, 17, 18, 26) ................... -0.3 to 7V 
Junction Temperature ................................. 150°C 
Storage Temperature Range ................ -65°C to +150°C 

ELECTRICAL CHARACTERISTICS 

ML441 0 

lead Temperature (Soldering 10 sec) ........ , ............ 150°C 
Thermal Resistance (8)A) ............................. 60°C/W 

OPERATING CONDITIONS 
Temperature Range ........... 0 ................. O°C to +70·C 
Vee Voltage +12V (pin 25) ........................ 12V ± 10% 

+5V (pin 19) ......................... 0 .. .. .. .. ... 5V ± 10% 
I(RAMP) Current (pin 21) .......................... 0 to 100pA 
I Control Voltage Range (pins 27, 28) ............. 0. OV to 7V 

Unless otherwise specified, TA = Operating Temperature Range, Vee = VeC2 = 12\1, RSENSE = 10, COlA = Cveo = .01pF, 
Cos = .02pF . 

PARAMETER CONDITIONS MIN TYP MAX '1 UNITS 

Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 

Frequency vs. V PIN '20 1V S; VPIN 20 S; 10V 300 HzlV 

Frequency Vveo = 6V 1450 1800 2150 Hz 

Vveo = .5V 70 140 210 Hz 

Reset Voltage at Cveo Mode = 0 125 250 mV 

Sampling Amplifier 

VRe Mode 0 125 250 mV 

IRe Mode 1, RRAMP = 39KO 70 100 130 pA 

Mode 2A, VPH2 = 4V 30 50 70 JlA' 

Mode 2A, VPH2 = 6V -15 2 +15 JlA 

Mode 2A, VpH2 = 8V -30 -50 -70 JlA 

Motor Current Control Section 

I(SENSE) Gain VPIN 27 = 5\1, OV S; VPIN 28 S; 25V 4.5 5 55 VIV 

One Shot Off Time 12 25 33 JlS 

I(CMD) Transconductance Gain' .19 mmho 

Power Fail Detection Circuit 

12V Threshold 9.1 9.8 105 V 

Hysteresis 150 mV 

5V Threshold 3.8 4.25 45 V 

Hysteresis 00 70 mV 

logic Inputs 

Voltage High (VIH) 2 V 

Voltage low (Vll) .8 V 

Current High (lIH) VIN = 2.7V .,.10 1 10 JlA 

Current low (Ill) VIN = OAV -500 -350 -200 JlA 



ML441 0 

ELECTRICAL CHARACTERISTICS (Continued) ..... .. .,. •. 
Unless otherwise specified, TA = Operati~gTemperature Range, Ycc =VCC2 = 12Y, RSENSE = 10, COlA = Cvco =" .01pF,· . 
Cos = :02pF .... . . .. , . . 

. PARAMETER 
.. ... CONDITIONS MIN TVP MAX JJNJTS 

Outputs I(CMD)= 1(L1MIT) =2.5V 

IPNpLow 50 
. 

75 100 mA 

IpNP .High Off State -100 100 ,.,A 

VN High ". VplN 8 = 10V 9.7 10 10.3 V 

VN Low . ". .2 .7 V 

Av Pin 8 to VN VPIN 8 = 6V • 95 1 . 1.05 . VfV 

LOGIC Low lOUT = O.SmA .4 V 

LOGIC lOUT High 5 ,.,A 

Supply Currents (N and PNP Outputs Open) 

5V Current 

V cc .Current 

V CC2 Current. 

Note 1: '.FQr explanation,of states/ see figure 5 and tab1e 1. 

FUNCTIONAL DESCRIPTION 

The N\L441 0 provides closed-loop commutation for 
3-phase brush less motors. To accomplish·this task,.a yeO, 
integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the YeO to 
the back-EMF of the motor. The ICalso contains circuitry 
to control motor current with either linear or constant off
time PWM modes . .Braking and power fail detection 
function·s are also provided on chip. The ML4410. is 
designed to drive exterrial power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a·speCial circuit to reduce PNP base· 
currents when output current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by rno~ftoring the output of the yeo, 
which will be a signal which is phased-locked tothe 
commutation frequency of the motor, 

VCOOUT 

NEUTRAL 
SIMULATOR 

<l>A+<I>B+<I>C 
6 

2 4 mA 

38. 50 mA 

4 10 mA 

BACK-EMF SENSING AND COMMUTATOR 

The ML441 0 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) t9 determine whether to inCfj~ase or 
decrease the commutator (YeO) frequency. A late 
commutatiori causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the YCO input while early 
commutation c"auses pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedba~k voltage. 

The input impedance of the thre.e PH. inputs is about 8Kn 
to GND. When operating with a higher voltage motor, the. 
PH· inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed YCe'. 
See ML4411 data sheet for applications.· 

YCO AND PHASE DETECTOR CAttUlATlQNS 

The yeO should be setso that at the maximum frequency. 
of operation (the running speed of the motor) the yeo 

+ 

Figure 1. Back EMF Sensing Block Diagram. 
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&0 120 180 240 300 o 

Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 

control voltage will be no higher than VCCMIN - 1 V. The 
VCO maximum frequency will be: 

FMAX = 0.05 x POLES x RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fvco at Vveo = 6V) is: 

2.42 X 10-6 
KVeO(MIN) = C 

veo 

Assuming that the VVeO(MAX) = 9.sV, then 

C 9.sx2.42x10-6 
veo = FMAX 

or 

C· - 460 F 
veo - POLES xRPM /.l 

Figure 4 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Gm amplifier with the loop filtered 
formed by R, C1, and C2. 
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Figure 3. VCO Output Frequency vs. Vyco (Pin 20) 

ML441 0 
Gm = 1.25 x 10-4 

po------- .. 
I I 

I 
I 

I R : 

FOUl...----I vco 

: C14 : I I 
I C21 
I I 
I I 
I _ I 
I _____ :.._J 

Kvco(HZ/V) 

Figure 4. Back EMF Phase Lock Loop Components. 

The impedance of the loop filter is 

Z () 1 (s+ffiLEAD) 
RC s = 

CIS (s + ffiLAG) 

Where the lead and lag frequencies are set by: 

ffiLEAD =_1_ 
RC2 

Cl +C2 
ffiLAG = RCl C2 

Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between ffiLEAD = 10 x ffiLAG produces the following 
calculations for R, C, and C2: 

C 8.06x10-9 
1 ~ 

Cveo xF0eo 

R 

START-UP SEQUENCING 

When the motor is intitially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). The following 
steps are a typical procedure for starting a motor which is 
at rest. 

Step 1: The IC is held in reset (state R) with full power 
applied to the windings (see figure 6). Tnis aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first commutation state. 

Step 2: Reset is released, and a fixed current is input to 
pin 21 and appears as a current on pin 20, and will ramp 
the VCO input voltage, accelerating the motor at a fixed 
rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 18 high. 

'-Micro Linear· 5-99 



Ml441 0 

OUTPUTS INPUT 
STATE Nl N2 N3 PNP1 PNP2 PNP3 SAMPLING 

R or 0 OFF ON OFF ON .OFF ON N/A 

A OFF OFF ON ON OFF OFF PH2 

B OFF OFF ON . OFF ON OFF PHi 

C ON OFF OFF OFF ON OFF PH] 

D -ON OFF OFF OFF OFF ON PH2 

E OFF ON OFF OFF OFF ON PHl 

F OFF ON OFF ON OFF OFF PH3 
'. 

Table 1. Commutation States. 

RESET -.-J 

Figure 5. Commutation Timing and Sequencing. 

RESETI : 
ALIGN I 

P1, P3, N2 ON I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

OPEN·LOOP 
(STEPPING) 

-~----------~------------

CLOSED LOOP 

I ________ . __ ~~' ~~~~:-.~1 o~ ________ + _______ .,. 
I 
I 
I 

Figure 6. TypiCal Start-up Sequence. 

Using this technique, some re.verse rotation is possible. 
The maximum amount of reverse rotation is 360!N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

Step 

1 

2 

3 

'Micro tinear 

Pin Pin Pin I (LiMITI 
16 18 21 I(CMI)) 

O. 0 Fixed 'MAX 
1 0 Fixed 'MAX 
1 1 0 'MAl( 

Table 2; Start':upSequence. 



ADJUSTING OPEN LOOP STEP RATE 

IRAMP should be set·so that the VCO'sfrequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(VPIN zo) ramp rate is given by: 

dVveo ~ IRAMP 
dt Cl +Cz 

since 

Fveo = Kveo xVveo 

4xlO-6 
KVeO(MAX) ~ ---

Cveo 

then combining the 3 equations IRAMP can be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 

I dFvco Cvco x (Cl + Cz) 
RAMP < dt 4x10-6 

The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping 
on the motor (such as head drag) during the open loop 
modes. 

The tolerance of the open loop step VCO acceleration 

( d~fo ) depends on the tolerances of Kveo, IRAMP, C1, 

C2, and Cveo. For more optimum spin up times, these 
variables can be digitally "calibrated" out by the 
microprocessor using the following procedure: 

1. Reset the IC by holding pin 16 low for at least 5).1S. 

2. Go into open loop step mode with no current on 
the motor and measure the difference between the 
first two complete VCO periods with the PWM signal 
at 50% duty cycle: 

ENABLE E/A = (see below) 
I(CMD) = OV 
PWM OUT= 50% 

MicroP 

PWMOUT 

IN 

Ml4410 

VCOOUT 

Figure 7. Auto-Calibration of Open-loop Step Rate. 

Ml441 0 
3. Compute a correction factor to adjust IRAMP current 
by changing the PWM duty cycle from the Micro 
(D.C.) 

D.C.(NEW)=50%x ilFvco(DESIRED) 
ilFvco(MEASURED) 

4. Use new computed duty cycle for open loop 
stepping mode and proceed with a normal start-up 
sequence. 

If this auto calibration is used ENABLE E/A can be tied 
permanently high, eliminating a line from the Micro. 
Since there is offset associated with the Phase Detector 
Error Amp (E/A), more current than is being injected by 
IRAMP may be taken out of pin 20 if the offset is positive 
(into pin 20) if the error amp were enabled during the 
open loop stepping mode. In that case, Vveo would not 
rise and the motor would not step properly. The effect of 
E/A offset can also be canceled out by the auto calibration 
algorithm described above allowing the E/A to be 
permanently enabled. 

PWM AND LINEAR CURRENT CONTROL 

To facilitate speed control, the ML4410 includes two 
current control loops -linear and PWM (figure. 9). The 
linear control loop senses the motor current on the 
I(SENSE) terminal through RSENSE' An internal current 
sense amplifier's (A2) output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate tied to OTA OUT. 
When operated in this mode, OTA IN is tied to 12V, and 
N1-N3 are saturated switches. This method produces the 
lowest current ripple at the expense of an extra MOSFET. 

The linear current control modulates the gates of the 
external MOSFET drivers. Amplifier A2 is a 
transconductance amplifier which amplifies the difference 
between I(CMD) and I(SENSE). The transconductance gain 
of A2 is: 

gm = 1.875 X 10-4 U 

The current loop is compensated by COTA which forms a 
pole given by 

9.375x10-4 mp =..::.:..=c:....::"",-,,-,,-_ 

COTA 

This time constant should be fast enough so that the 
current loop settles in less than 10% of T veo at the 
highest motor speed to avoid torque ripple to VTH 
mismatch of the N-Channel MOSFETs, or use a separate 
MOSFET in series with Nl-N3 with a lower time constant. 

The ML441 0 also includes a current mode constant off
time PWM circuit. When motor current builds to the 
threshold set on 1(L1MIT) input (pin 27), a one-shot is fired 
whose timing is set by Cos. The current in the motor will 
be controlled by the lower of pin 27 and pin 28. 
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Ml4410 
The I(SENSE) input pin should be kept below 1 V. If 
I(SENSE) goes above 1 V, a bias current of about -300~ 
will flow out of pin 12 .and the N outputs will be . 
inhibited. Bringing I(SENSE) below.7V removes the bias 
current to its normal level. For this reason, the noise filter 
resistor on the I(SENSE) pin (1 Kn on Figure 11) should be 
less than 1.SKn. 

The noise filter time constant should be less than 11ls to 
avoid excessive phase shift in the I(SENSE) signal. 

60 

./ V 
50 

40 

L V 
/" 

V 
20 

10 
;' 

0 0 0.01 0.02 0,03 0.04 0.05 

C(OS) 

Figure 8. I(UMIT) Output Off-Time vs. Cos. 

v+ 

27j.:1:::(LI:::.M:::m~ ____ ""'_-----j 

281-'I:..:(CM_D)~ __ --1I--' 

OUTPUT DRIVERS 

The motor's source transistor drivers are open-collector 
NPN's with internal 50Kn pull-up resistors, whose current 
is controlled according to the current demanded through 
the motor. To conserve power, the ML441 0 sets the 
current to PNP1, PNP2, and PNP3, proportional to the 
lower of pin 27 and pin 28. 

Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 

BRAKING 

Applying a 0 on pin 26 activates the braking circuit. The 
brake circuit turns on PNPl through PNP3 and turns off 
NPNl and NPN3. 

OTA OUT L...vcc 

r 

10 
M.OTOR· 

Figure 9. Current Control, Output Drive and Braking Circuits . 
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APPLICATIONS 

Vea 
+12Vr-~--~-4r----J~----~~~------------------~----------------------~----~-. 

100 

lN5819 lOpFr .1JlF 

r-"""""I'v--U 
TO Vee 

470 Q4 

0.5 

lK 

1000pF 

L-~-----+--~-----l10 N2 

100 
D2 

470 Q6 

+5 

5K 

+12 5K 

~~------~r-------~11 N3 
PWR FL l JlW2•2K L-____ ---<>-____ --' 

~_T_r~~~~~Tr~ErN-Er~~ 
ENABLE ERROR AMP 
~ (FROM MICRO) ":" 

L-____ .,. POWER FAlL TO MICRO 

~-------<K RESET (FROM MICRO) 

+5 r---'V\i'v-------4I--------------?> VCO OUT 
5K 

.00JlF 

Figure 11. ML4410 Typical Application. 
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APPLICATIONS (Continued) 

+5V 

R1 

D1 
FROM Ml4410 ::;~-4IIJ-<~-l 

PIN 17 

Figure 12. Analog Start-up Circuit. 

TO Ml4410 
PIN 16 

TO ML4410 
PIN 18 

Figure 11 shows a typical application of the ML441 0 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontroller, Figure 12 shows a simple 
"one-shot" start-up timing approach. 

Speed control can be accomplished either by: 

1. Sensing the VCO OUT frequency with a 
Microcontroller and adjusting I(CMD) via an analog 
output from the Micro (PWM DAC). 

2. Using analog circuitry for speed control (Figure 13). 

OUTPUT STAGE HINTS 

Q1, Q2, and Q3 are MJE21 0 or equivalent. Q4, QS, and 
Q6 are IRFU01 0 or equivalent. Base resistors (1000) are 
included to reduce power dissipation in the IC during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation can 
be reduced by increasing the 4700 gate resistors on 
Q4-Q6. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross-conduction is the condition where an N-FET 
and PNP in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see figure 14): 

+12V C3 

R5 
R4 

R6 )+------1 

Symbol Value Symbol Value 

A1 lM3S8 R4 100m 

Q1 74HC14 RS SOKO 

01,02 1N4148 R6 som 

R1 1MO C1 3.3JlF 

R2 1MO C2 3.3JlF 

R3 100KO C3 .47JlF 

Figure 13. Analog Speed Control. 

1. When transitioning from mode 0 to mode A (see table 
1) or from braking to mode R, a PNP goes from on to 
off at the same time N goes from off to on in the same 
phase. If the PNP turns off slowly and N turns on 
quickly, cross-conduction may occur. This condition 
has been prevented inside the IC on later revisions of 
the ML441 O. Consult your Micro Linear representative 
for date code information. On earlier revision parts, 
forcing the PNP to turn off more quickly than the NPN 
turns on will minimize the cross-conduction current. 

2. When the MOSFET (or PNP) in the same phase 
switches on gate current flows due to capacative 
coupling of current through the FET's drain to gate 
capacitance (or PNP's Miller Capacitance). This could 
cause the device that was off to be turned on. 

In Condition 2 above, the PNP is pulled up inside the 
ML4410 with a SOKO resistor. If the current through C(CB) 
is greater than O.7V + SOK when the N-FET turns on, the 
PNP could turn on simultaneously, causing cross
conduction. Adding R1 as shown in figure 14 eliminates 
this. The size of R1 will depend on the fall time of the 
phase voltage, and the size of the C(CB). 

5-104 .~Micro Linear 



APPLICATIONS (Continued) 

Rl 

R(P) 

C(CD) 

Of------" 

Figure 14. Causes of Cross-conduction. 

Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be 
low enough to: 

Avoid turning on the N-Channel gate when the PNP 
turns on via the same mechanism outlined in condition 
2 above . 

Not severely increase the switching losses in the N-FET 

In higher power applications, when large MOSFETs are 
used, the N-Output can be pulled below GND, causing 
the internal substrate diode (Dint) to conduct. The 
negative substrate current should be limited to less than 
2mA, which can be done by adding D1 as shown in figure 
14. D1 prevents the gate from going below O.7y, limiting 
the substrate current to: 

VBE(Dl) - VBE(Dint) 

RG(N) 

ORDERING INFORMATION 

PART NUMBER 

ML441DCQ 

TEMPERATURE RANGE 

DOC to +7DOC 

'Micro Lin~r 

ML4410 

I 

PACKAGE 

28-Pin Molded P.CC (Q28) 

5~10S 
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PRELIMINARY 

Ml4411 
Sensorless Spindle Motor Controller 

.. . 

. GENERAL DESCRIPTION 

The ML4411 provides complete commutation for delta or 
wye wound Brushless DC (BLDC) motors without the need 
for signals from Hall Effect sensors. This IC senses the back 
EMF of the 3 motor windings (no neutral required) to 
determine the proper commutation phase angle using 
phase lock loop techniques. This technique will commutate 
virtually any 3-phase BLDC motor and is. insensitive to 
PWM noise and motor snubbing. The ML4411 is architec
turally similar to;.the ML441 0 but with improved braking 
and brciwn-out recovery circuitry. 

Included in theML4411 is the circuitry necessary for a Hard 
Disk Drive microcontroller driven control loop. The 
ML4411 controls motor current with either a constant off
time PWM or li~ear current control driven by the 
microcontroller. Speed feedback for the micro is a stable 
digital freqllencyequal to the commutation frequency of 
the motor. All commutation is performed by the ML4411. 
Braking and Power Fail are also included in the ML4411. 

The timing of the start-up sequencing is determined by the 
micro, allowing the system to be optimized for a wide 
range of motors and inertial loads. 

BLOCK DIAGRAM 

RC 

VCO/TACH OUT 

RESET 

I(RAMP) 

ENABLE E/A 

I(CMD) 

LOGIC 
AND 

CONTROL 

6 

BACK·EMF 
SAMPLER 

GATE 
DRIVE 

PHl 

PH2 

PH3 

VCC2 

Pl-3 

3 

Nl-3 

LINEAR OR PWM 
ILiMIT CURRENT CONTROL 

I (SENSE) 

PWR FAIL 

+5 POWER 
FAIL 

VCC DETECT 

The ML4411 modulates the gates of external N-Channel 
power MOSFETS to regulate the motor current. The IC 
drives P-Channel MOSFETSdirectly. 

FEATURES 

• Back-EMF Commutation Provides Maximum Torque for 
Minimum "Spin-Up" time for Spindle Motors. 

• Accurate, Jitter-Free Phase Locked Motor Speed Feed· 
back Output 

• Linear or PWM Motor Current Control 

• Easy Microcontroller Interface for Optimized Start-up 
Sequencing and Speed Control 

• Power Fail Detect Circuit with Delayed Braking 

• Drives External N-Channel FETs and P-Channel FETs 

• Back-EMF comparator detects motor rotation after 
power fair for fast re-Iock after brownout. 

• Improved version of ML441 0 

POWER 
DRIVERS 

441105 

9/8/92 

PATENTED 

'MicfoLin~r 
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PIN CONFIGURATION 
ML4411 

28-Pin SOIC (S28W) 

GND I(CMD) 

Pl I(LlMIT) 

P2 BRAKE 

VCC2 VCC 

P3 PH3 

C OTA PH2 

ClBRK) PHl 

DIS PWR I(RAMP) 

Nl RC 

N2 +5V • 
N3 ENABLE E/A 

I(SENSE) PWR FAIL 

C RESET 
as 

C VCO/TACH OUT 
vco 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

1 GND Signal and Power Ground 15 VC:O/fACH Logic Output from VCO or TACH 

I 2 P1 Drives the external P-Channel transistor OUT comparator. 
driving motor PH1 16 RESET Input which holds the VCO off and sets 

3 P2 Drives the external P-Channel transistor the IC to the RESET condition. 
driving motor PH2 17 PWR FAIL A "0" output indicates 5V or 12V is under-

4 VCC2 12V power and power for the braking voltage. This is an open collector output 
function with a 4.5KW pull-up to +5V. 

5 P3 Drives the external P-Channel transistor 18 ENABLE E/ A A "1" logic input enables the error 
driving motor PH3 amplifier and closes the back-EMF 

6 COTA Compensation capacitor for linear motor feedback loop 

current amplifier loop 19 +5V 5V power supply input 

7 C(BRK) Capacitor which stores energy to charge 20 RC VCO loop filter components 
N-Channel MOSFETS for braking with 211(RAMP) Current into this pin sets the initial 
power off. acceleration rate of the VCO during start-

8 DIS PWR A logic 0 on this pin turns off the Nand P up 
outputs and causes the TACH compara- 22 PH1 Motor Terminal 1 
tor output to appear on TACH OUT. 

23 PH2 Motor Terminal 2 
9-11 N1, N2, N3 Drives the external N-

24 PH3 Motor Terminal 3 channel MOSFETs for PH1, PH2, PH3 

121(SENSE) Motor current. sense input 25VCC 12V power supply. Terminal which is 

13 Cos Timing capacitor for fixed off-time PWM 
sensed for power fail. 

current control 26 BRAKE A "0" activates the braking circuit 

14 Cveo Timing capacitor for VCO. 271(UMIT) Sets the threshold for the PWM compara-
tor 

281(CMD) Current Command for Linear Current 
amplifier 

'Micro.Linear 5-107 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Temperature Range .......... .............. O°C to 70°C 
VCC Voltage +12V (pin 25)................................... . .... 12V±10% 

+5V (pin 19).................................. . ............................. 5V±10% 
I(RAMP) current (pin 21) .......... . ............. 0 to lOOIlA 

Supply Voltage (pins 4, 25) ...................................... . ..... 14V 
I Control Voltage Range (pins 27,28) .......... OV to 7V 

Output Current (pins 2,3,5,9,10,11) ........................ ± 1 50mA 
Logic Inputs (pins 16,17,18,26) ................................ -0.3 to 7V 
Junction temperature ................................ ........................ 150°C 
Storage Temperature Range ..... ................. -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) ..................................150°C 
Thermal Resistance (8 JA) ............................... ...................... 60°C/W 

ELECTRICAL CHARACTERISTICS 
Unless otherwis.specified, TA~Operating Temperature Range, VCC~VCC2~12V, RSENSE~l n, COTA~Cveo~ .01IlF, Cos~ .02IlF 

PARAMETER CONDITIONS MIN TYP I MAX I UNITS 
Oscillator (VCO) section 

Frequency vs. VPIN20 1V S VPIN20S lOV 300 hz;V 

Frequency Vvco ~ 6V 1450 1800 2150 hz 

Vveo ~ .5V 70 140 210 hz 

Reset Voltage at Cvco Mode ~ 0 125 250 mV .. 
Samphng Amphfler (note 1) 

VRC State R 125 250 mV 

IRe VPIN18~OV, RRAMP~39Kn 70 100 130 IlA 

VPIN18~5V, State A, VPH2~4V, JO 50 70 IlA 

VPIN18~5V,State A, VPH2=6V -13 2 n IlA 

VPIN18=5V,State A, VPH2=8V -30 -50 -70 IlA 

VPIN21 RpIN21 ~ 39Kn to +5V 1.0 1.1 1.20 V 

Motor Current Control Sectron 

I(SENSE) Gain VPIN27=5V, OVS VPIN28 S 2.5V 4.5 5 5.5 VjV 

One Shot off time 12 25 33 IlS 

l(tMD) Transconductance Gain .19 mmho 

I(CMD), I(UM) Bias Current VIN=O 0 -100 -400 nA 

Power Fall Detectron CirCUIt 

12V Threshold 9.1 9.8 10.5 V 

Hysteresis 150 mV 

5V Threshold 3.8 4.25 4.5 V 

Hysteresis 70 mV 

LogIC Inputs 

Voltage High (VIH ) 2 V 

Voltage Low (VIL) .8 V 

Current High (IIH) VIN=2.7V -10 1 10 IlA 

Current Low (IlL) VIN=OAV -500 -350 -200 IlA 

Braking CirCUIt 

Brake Active Threshold 0.8 1.2 1.6 V 

PIN 26 Bias Current VPIN26 = OV 0.3 1 IlA 
N-Channel Leakage VCC,VCC2=OV 0 .06 10 nA 

VPIN17=OV, VW4V 

C(BRK) Current VCC,vCC2 = OV, VPIN26 = 3V 20 85 IlA 

VPIN7~ 6V 

5-108 ,O.J.,MicroLinear 
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ELECTRICAL CHARACTERISTICS (continued) 

Unless otherwise specified, TA~Operating Temperature Range, VCC~VCC2~12V, RSENSE~l Q, COTA~CVCO~ .01 JlF, Cos ~ .02JlF 

PARAMETER CONDITIONS MIN TYP MAX I UNITS 
Outputs I(CMD) - 1(L1MIT) - 2.SV 

II' low VI' ~ 0.8V 5 7 19.5 mA 

VI' ~ OAV 2 4 mA 

V p high II' - -1OJlA VCC2-0A V 

VN high VPIN12 ~ OV VCC-3.2 10 VCC-1.2 V 

VN low IN -lmA 0.2 0.7 V 

LOGIC low (VOL) louT~OAmA 0.5 V 

VCO/TACH VOH louT~-100JlA 2.4 V 

POWER FAIL VOH lour·1OJlA VPINI9-0.2 VpINI9-0.1 VPIN19 V 

Supply Currents (N and P outputs open) 

SV Current 

VCC Current 

VCC2 Current 

Note 1. For explanation of states, see Figure 5 and Table 1. 

FUNCTIONAL DESCRIPTION 

The ML4411 provides dosed-loop commutation for 3-phase 
brushless motors. To accomplish this task, a VCO, Integrat
ing Back-EMF Sampling error amplifier and sequencer form 
a phase-locked loop, locking the VCO to the back-emf of 
the motor. The IC also contains circuitry to control motor 
current with either linear or constant off-time PWM modes. 
Braking and power fail detection functions are also pro
vided on chip. The ML4411 is designed to drive external 
power transistors (N-channel sinking transistors and P
Channel sourcing transistors) directly. 

Start-up sequencing and motor speed control are accom
plished by a microcontroller. Speed sensing is accom
plished by monitoring the output of the VCO, which will be 
a signal which is phased-locked to the commutation 
frequency of the motor. 

Figure 1. Back EMF sensing block diagram 

3 4 mA 

38 50 mA 

2 3 mA 

BACK-EMF SENSING AND COMMUTATOR 

The ML4411 contains a patented back-emf sensing circuit 
which samples the phase which is not energized (Shaded 
area in fig. 2 below) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late com
mutation causes the error amplifier to charge the filter (RC) 
on pin 20, increasing the VCO input while early commuta
tion causes pin 20 to discharge. Analog speed control 
loops can use Pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed Vce. 

~ ___ INEUTRAL __ ~_""' __________ -j 

o 60 120 180 240 300 o 

Figure 2. Typical motor phase waveform with Back-EMF 
superimposed (Ideal Commutation) 

O~Micro Linear 5-109 
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VCO AND PHASE DETECTOR CALCULATIONS 

The veo should be set so that at the maximum freql'Jency 
of operation (the running spE!ed of the motor) the .Yeo 
control voltage win be no higher thanVeeMIN - 1 V. The. 
veo maximum frequency will. be: 

FMAX = .05 X POLES X RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum mcitorspeed in Revolutions Per 
Minute. 

The minimum veo gain derived from the specification 
table (using the minimum Fvco at Vvco=6V) is: 

. 2.42 x 10-6 
KVeO(MIN) = c . 

veo 

Assuming that the VVeO(MAX) = 9.SV, then 

or 

9.5 x 2.42 >< 10-6 
eveo = 

e · 460.. F 
veo = POLES x RPM ~ 

3000 

2500 

/ 
'/ V 

/" 
~ 2000 

~ 1500 
::> 

~IOOO /~2.uF / ~ 

/,. / 
~ 

....... 500 

.8 10 
vvco (VOUSI 

12 

Figure 3. VCO Output Frequency vs •. Vvco (pin20) 

Figure 4 below shows the transfer function of the Phase 
Lock Loop with the phase detector formed from the 
sampled phase through the Gm amplifier with the loop 
filte'red formed by R, e" and C2. 

The impedance of the loop filter is 

Z . () 1 (s +wlEAD) 
Re s =-e, s (s + WLAcJ 

5-110 

SA~PLED "
PHASE 

. '~: ~4 

Gm-1.25 X10 . 

K vco(Hz!V) 

.' .·R 

I 
:... ______ -1 

Figure 4. Back EMF Phase Lock Loop Components 

Where the lead and lag frequencies are set by: 

1 
wLEAD= -R e2 

c,+e2 
wLAG= ---Re,e2 

Requiring the loop to.settle in 20 PLL cycles with a spread 
of 10'between OOLEAD =10 x OOLAG produces the following 
calculati'ons for R,e 1 and C2: . , 

4.66 xl 0-9 
e,,,, 

eveo X Fvco2 

C2=9xe, 

R= 
12.54 

START-UP SEQUENCING' 

When the motor is initially at rest, it is generating no b<lck
EMF. Because a back-EMF signal is required for closed loop 
commutation, the motor must be started "open-loop" until a . 
velocity sufficient to generate some back-EMF is attained 
(around 100 RPM). The following steps are a typical 
procedure for st<lrting a motor which is at rest. It is possible 
to determine if the motor is running by polling the VCO/ 
TACH OUT pin with power disabled (Pin 8="lciw). 

Step 1: The IC is held in reset (stateR) with full power 
applied tathe windings (see fig. 6). ThisaligiiSthe rotor.to 
a position which is 30° (electrical) before,the center of the 
first commutation state. . 

Step 2: Reset i~ released, anda fixed current is inplit'tbpin 
21 and appears' as a current on pin 20, and will ramp the 
VCO input voltage, acceleratfng the motor at a fixed rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 18 high .. 

'r 
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OUTPUTS INPUT 

STATE Nl N2 N3 Pl P2 P3 SAMPLING 

RORO OFF ON OFF ON OFF ON N/A 

A OFF OFF ON ON OFF OFF PH2 

B OFF OFF ON OFF ON OFF PHl 

C ON OFF OFF OFF ON OFF PH3 

D ON OFF OFF OFF OFF ON PH2' 

E OFF ON OFF OFF OFF ON PHl 

F OFF ON OFF ON OFF OFF PH3 

Table 1. Commutation States 

RESET ~ 

cvco 

VCO OUT ______ ..... 

STATE ~I ~R~~ __ ~O~ __ ~ __ ~A~ __ ~ ____ ~ __ -+ ____ C~ __ -+ ____ ~D ____ +-__ ~ ____ +-__ ~ ____ +-__ ~A~ __ ~ 

Figure 5. Commutation Timing and Sequencing 

o 
u 
> 

. RESET/ 
ALIGN 

Pl, P3, N2 ON 

OPEN·LOOP 
(STEPPING) 

0+------...,..-=---- -,-

RESET 

ENABLE E/A 

CLOSED LOOP 

Figure 6. Typical Start-up Sequence 

Using this technique, some reverse rotation is possible, The 
maximum amount of reverse rotation is 360/N, where N i's 
the number of poles, For an 8 pole motor; 45° reverse 
rotation is possible, 

For quick recovery following a momentary power failure, 
the following steps Gin be taken: 

PIN PIN PIN I (LIMIT) 
STEP 16 18 21 I(CMD) 

1 0 0 ,FIXED IMAX 

2 1 0 FIXED IMAX 

3 1 ' 1 0 IMAX 

Table 2. Start-up Sequence 

Step 1a: The IC is held in reset (state R) with I(CMD) low 
and DIS PWR low, The Micro Processor monitors the 
VCO!TACH OUT pin to determine if a signal is present If 
a signal is present, the frequency is determined (by 
measuring the period), If a signal is not present, proceed 
to the routine described alJove for starting a motor which is 
at rest. 

Step 2a:Release RESET and DIS PWR,Apply a current to 
pin 21 and monitor the VCO!TACH OUT pin for VCO 
frequency, 

Step 3a:When the VCO frequency approaches 6 X the 
motor frequency (or where the motor frequency has 
decelerated toby coasting during the time the VCO 
frequency was ramping up) the back EMF loop can be 
closed by pull.ing pin 18 high and motor current brought 
up with I(CMD) or 1(L1MIT), 

'Micro.Linear 5-111 

I 



M144l1, 
ADJUSTING OPEN LOOP STEP RATE 

IRAMP should be set sp thatthe VCO's frequency ramp 
during "open loop stepping" pti:ase of motor starting is less 
than the motor's acceleration rate.' I'n other words, the 
motor must be able to keep up with the VCO's ramp rate in' 
open loop stepping mode. TheVCO's input voltage 
(VpIN20) ramp rate is given by: 

dVvco 'RAMP ---z---
dt (1 +(2 

since 

Fvco = Kvco X Vvco 

4 X 10.6 

, KVCO(MAX) Z' ( 

vco 
then combining the 3 equations IRAMP can be calculated 
from the desired maximum open loop stepp.ing rate the 
motor can follow> " 

, " dFvco (VCO X ((1+(2) .< 
RAMP dt 4 X 1 0.6 

The motor will start more consistently and tolerate a wider 
variation in open loop step rate 'if there is some damping on 
the motor (such as head drag) during the open loop modes. 

The tolerance' of the open loop step VCO acceleration 

( dFvco ) depends on the tolerances of KVCO' IRA.MP , C1. 
ili ' 

C2. and CyCO' For ,more optimum spin up times, these 
variables can be digitally "caliprq.ted" out by the micropro
cessor using the following procedure: 

1. Reset the IC by holding pin 16 low for at least 5~S. 

2. Go into open loop step'mode with no current on 
the motor ;;tnd measure, the difference between the 
first two complete VCO periods with th,e PWM 
signal at 50% duty cycle: 

ENABLE E/A= (seebelo~) 
I(CMD)=OV· 
PWM OUT=50% 

MicroP 

PWMOUT 

IN 

"ML4411 

I(RAMP) 

YCO/TACH 
OUT 

'Figure 7. Auto-Calibration()f open-loop step rate 

5~112 

.3. Compute a correction factor to adjust IRAMP 
-current by changing the PWM duty cycle from the 
Micro (D.C) , , 

D. C.(NEW) = 5b% X: MYCO(DESIRED) 
, ,.AFVCO(MEASURED) 

4. Use newcompuied duty cycle for qpen loop 
stepping mode' and proceed with' a 'normal start-up 
sequence. 

If this auto calibr~tion is us~d ENABLE E/ A can be tied 
permanently high, eliminating a line from the Micrq. Since 
there is offset associated with the Phase Detector Error 
Amp·(E/A),.more current than is being, injected by IRAMP 
may be taken out of pin 20 if the offset is positive (into pin 
20) if the error amp were enabled during the open loop 
stepping mode. In that case, VYCO would not rise and the 
motor would not step properly. The effect cif E/A offset can 
also be canceled out by the alJtQ calibration algorithm 
described above allowing the E/ A to be permanently 

. enabled. ' 

A _ 1.875 X 10-4 
v-

SCOTA 

PWM AND LINEAR CURRENT CONTROL 

To facilitate speed COl')lrol, the ML4411 includes two . 
current control loops -linear and PWM (fig. 9). The linear 
cOntrql,loQP senses the motor current on the I(SENSE) 
terminal through RSENSE' An ,internal current sen,se 
amplifier's (A2) output modulates the gates of the 3 N
channel MOSFET's. 

The ML4411 also includes a current mode constant off-time 
PWM~circuit: When motoi current builds to tne threshold 
set on 1(L1MIT) input (pin 2'7), a one-shot isf1red whose 
timing is set by Cos. The current in the motor will be, 
controlled by the lower of pin 27 and pin 28. 

The linear currrent control modulates the gates of the" 
external MOSFET drivers. Amplifier A2 is a transconduc
tance amplifier which amplifies the difference between 
I(CMD) and I(SENSE). Tfie'transconducta.ncegain ofA2, is: 

gm = 1.875 X 10-4 LJ 

The current loop is compensated by COTA which forms a 
pole given by 

9.375 X 10-4 
ffip = ~--;-----

c:qTt\ 
This time cOnstant should be fast enough so that the current 
loop settles in less, than 10% ofT veo at the highest motor 
speed to a,void torque rippl~ to VTH mismatch of the N-
Channel MOSFETs. ' 

The I(SENSE) inpulpi[l should be kept below lV. If I(SENSE) 
goes above .1 V, a bias current of about -300~A will flow out 
of pin 12 and the N outputs will be inhibited. Bringing 
I(SENSE) below .7V returns the, bias current to its normal 



level. For this reason, the noise filter resistor on the 
I(SENSE) pin (1 KQ on Figure 10) should be less than 1.SKQ. 

The noise filter time constant should be great enough to 
filter the leading edge cur~ent spike when the N-FETs turn 
on but small enough to avoid 'excessive phase shift in the 
I(SENSE) signal. 

OUTPUT DRIVERS 

The motor's source drivers (Pl thru P3)are open-collector 
NPN's with internal 16KQ pull-up resistors. 

Drivers N 1 through N3 are totem-pole outputs capable of 
sourcing and sinking 1 OmA. Switching noise in the external 
MOSFETs can be reduced by adding resistance in series 
with the gates. 

BRAKING 

As shown in figure 9, the braking circuit pulls the N-Channel 
MOSFET gates high when BRAKE falls below a lAV 
threshold. After a power failure, C(DL Y) is discharged 
slowly through R(DL Y) providing a delay for retract to occur 
before the braking circuit is activated. The N-Channel 
buffer (Bl) tri-states when the BRAKE pin reaches 2.1V to 
ensure that no charge from C(BRK) is lost through the pull
down transistor in B 1. To brake the motor with external 
signals, first disable power by pulling pin 8 low, then pull 

DIS PWR 

ML44.1·1 

60 

"'v 
50 

40 

./ V 
/' 

/ 
./ 

10 

0.01 0.02 0,0] 0.04 0.05 

C(OS) 

Figure 8. I (LIMit) output off-time vs. Cos 

pin 26 below lAV using an ope~ drain (or diode isolated) 
output. 

The bias current for the Braking circuits comes from VCC2. 
When the N-Channel MOSFETs turn on, no additional 
power is generated for VCC2 (motor back-EMF recitified 
throught the MOSFET body diodes). After VCC2 drops 
below 4V, Q2 turns off. Continued braking relies on the 
Ccs of the N-Channel MOSFETs to sustain the MOSFET 
gate enhancement voltage. . 

8r-----------~----------i 

27 1(L1MIT) 

28 I(CMD) 

ONE 
SHOT 

:r: 

Figure 9. PWM and Linear Current Control, Gate Drive and Braking Circuits 
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APPLICATIONS 

Figure 10 shows a typical application of theML4411in a 
hard disk drive spindle control. Although the timjng 
necessary to start the motor in most applications would be 
generated by a microcontrolier, Fig. 11 shows a simple "one 
shot" start-up timing approach. . 

Speed control can be accomplished either by: 

1. Sensing the veo ,OUT frequency with a Microcontrolier 
and adjusting I(CMD) via an analog output from the Micro 
(PWMDAC). 

2. Using analog circuitry for speed control. (Fig. 12}. 

. ': 

1NS819' 

12V I ~ 
f 

1V·
1L 

Q1 
...... 

+ 

~TOVCC l-

, Q4 !I-
.' 

I ...... I 

., 

I~ GND 

'='4::: P1 
1K 

-E P2 

100pF ..- VCC2 

..c- . r;- P3 

~ .01~ .' LL GOTA 

EII~ ClBRK} 

'=' -'-'-------i.L DISPWR 

~ 

L2- Nl 

r;o N2 

qUTPUTSTAGE HI~TS 

In the circuit in Figur~ 10, Ql, ,Q2, and Q3 .are IRFR9024 or 
equivalent. Q4, QS, andQ6.are IRFR024 or equivalent. 
New MOSFET packagingiechnology such as the Little 
Foot® series may decrease the PC board space. These 
packages, however have much lower thermal enertia and 
dissipation capabilities than the larger packages, a'nd care , 
should be taken not to exceed their rated current and 
junction temperature. . 

Since the output section in a full bridge application consists 
of three half-H switches, cross-conduction can occur 
Cross-conduction is the condition where an N-FET a~d 

VCC2 

10V·1 
...... Q3 I-Q2 '=' . 
1-+ 
I-

I, 

QS II-- Q6 l-
11+ 
I ...... t-

0.5 <> 
+S~'~ 

I(CMD} ~I(COMMAND) 
l(lIMIT} r-;;. 

r--' - ~ 0.22 
BRAKE ~ ...L. 

vcc ~+12:r: 
PH3 1-,'41 -

PH2 ~ 

W PH1 f-LlI 1 M " 

.IIRAMP} ~+5 
RC =:iii:. 

- - - - -, 

::i3---I +5 S10K 'll' +sv 
I 

r,;-
N3 ENABLEE/A ----;BI ti' I, "I' 

. c- t-;";l 12 I(SENSE} PWRFAll 

LII~Gos ~ I 
RESET 

+12~G VCOjTACH OUT P-l : I 
veo 

4411AP 
16/1(jj92) ~01 

Figure' 1 O. ML4411 Typical Application 
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+SV 

ML4411 >'>-++--+---1 
PIN 17 

ML4411 
PIN 20 >. 

Figure 11. Analog Start-up Circuit 

TO ML4411 
PIN 16 

TO ML4411 
PIN 18 

>_ ...... ---::~TO ML4411 
PIN 28 

SYMBOL VALUE SYMBOL VALUE 

Al LM3S8 R4 lOOK!) 

ICl 74HC14 RS SOK!) 

Dl D2 lN4148 R6 SOK!) 

Rl 1M!) Cl 3.3 uF 

R2 1M!) C2 3.3..J!F 

R3 lOOK!) C3 .471lF 

Figure 12. Analog Speed Control 

P-FET in the same phase of the bridge conduct simulta
neously. This could happen under two conditions (see 
figure 13): 

1. When transitioning from mode 0 to mode A (see table 
1) P3 goes from on to off at the same time N3 goes 
from off to on. If P3 turns off slowly and N3 turns on 
quickly, cross-conduction may occur. This condition 
has been prevented inside the IC on later revisions of 
the ML4411. Consult your Micro Linear representative 
for date code information. On earlier revision parts, 
forcing P3 to turn off quickly will minimize the cross
conduction current. 

2. When the a MO~FET in the same phase switches on 
gate current flows due to capacative coupling of 
current through the MOSFET's drain to gate capaci
tance. This could cause the MOSFET.that ""as off to be 
turned on. . 

ML4411 

In Condition 2 above, the P-Channel MOSFET is pulled up 
inside the ML4411 with a 16KQ resistor. If the current 
through C(OGp) is greater than VTH + 16K when the N-FET 
turns on, the P-FET could turn on simultaneously, causing 
cross-conduction. Adding R1 as shown in fig. 13 eliminates 
this. The size of R1 will depend on the fall time of the 
phase voltage, and the size of the C(OGp). 01 may be 
needed for high power applications to limit the negative 
current pulled (through C(OGn)) out of the substrate diode 
in the ML4411 when P-FET turns off. 

VCC2 

RG(P) 

I I-+-~C(DGP) ~ ~ P 

c(DGn)~ 

Figure 13. Causes of Cross-conduction 

Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be low 
enough to: 

Avoid turning on the N-Channel gate when the P-Channel 
turns on via the same mechanism outlined in condition 2 
above 

Not severely increase the switChing losses in the N-FET E 
UNIPOLAR OPERATION 

Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors to 
drive the motor. The ML4411 will operate in unipolar 
mode (fig. 14) provided the following precautions are 
taken: 

1. The IC supplies should not exceed 12V+ 10%. 

2. The phase pins on the IC should not exceed the supply 
voltage. 

In unipolar operation, the motor's windings must be 
allowed to drive freely to: 

V"'(MAX) = VSUPPLY(MAX) + VEMF(MAX) 

Therefore, there can be no diodes to clamp the inductive 
energy to VSUPPLY. This energy must be clamped, however, 
to avoid an over-voltage condition on the MOSFETs and 
other components. Typically, a V(CLAMP) voltage is 
created to provide the clamping voltage. The inductive 
energy may either be dissipated (fig 15) or alternately 
efficiently regenerated back to the system supply (fig 16). 

The circuit in Figure 14 is designed to minimize the external 
components necessary, at some compromise to perfor
mance. The 3 resistors from the motor phase windings to 
the PH inputs work with the ML4411 's 8KQ internal 
resistance to ground to divide the motor's phase voltage 
down, providing input signals that do not exceed 12V. 
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Ml44,1'1 

GND 

Pl 

P2 

1--_-t..:....--1 VCC2 

P3 Ml4411 

COTA 

ClBRK) 

DIS PWR 

Nl 

.----<----"\.N~~----I!L_II(SENSE) 

4411f14 

8/B/'l2 

+5 

Figure 14. Ml4411 Unipolar Drive AppliCation 

This circuit uses analog speed regulation, The 1 MQ resi6tor 
from pin 20 to the speed regulation op amp provides the 
function of i'njecting current into the VCO loop filter for the 
open loop stepping phase of start-up operation, The "one 
shot" circuitry to time th~ reset is replaced by a diode and 
RC delay from the rising edge or the POWERFAIL signal. 
The error amplifier is left enabled cOntinuously sillce at low 
speeds its cllrrentcontribution is negligable. The current 
injected into the loop filter must be greater than the leakage 
current from the phase detector amplifier for the motor to 
start reliably" 

V(CLAMP) '" 
+24V 

12V 

12V H-,-_..,... .... 
BATTERY 

5V 
REG 

Figure 15. Dissipative Clamping Technique 

+5V 

V(CLAMP)", 
+24V 

50% DUTY »>-__ -' 
CYCLE 

12V t-----..------, 
BATTERY 

12V 
L.D.O. 

Figure 16 .. Non-Dissipative Clamping Technique 

+V 

ML4411 

+12V 

Figure 17. High Voltage Translation using PNP Power 
Transistor 
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HIGHER VOLTAGE MOTOR DRIVE 

To drive a higher voltage motor, the same precautions 
regarding ML4411 voltage limitations as were outlined for 
Unipolar drive above should be followed. Figs. 17-19 
provide several methods of translating the ML4411 'so P 
outputs to drive a higher voltage. 

r-------I 

: 1 
I 1 

I ML4411 
1 

I 1 
I 1 l ______ .J 

+V 

Figure 18_ High Voltage Translation using "Composite" 
PNP Power Transistor 

ORDERING INFORMATION 

PART 
NUMBER 

ML4411CS 

TEMPERATURE 
RANGE 

,---- ---I 

1 1 
I 

IML4411 
I 
I 1 
1 I 
L _____ -' 

ML4411 

+V ----------, 

Figure 19_ High Voltage Translation with NPN Darlington 

PACKAGE 

28-PIN sOle (S28W) 
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ML4415, ML4415R 
ML4416, ML4416R 

. . 

15 Channel Read/Write Circuit 

GENERAL DESCRIPTION 
The Ml4415,.Ml4416 devices are bipolar monolithic 
read/write circuits designed for use with fixed disk 
ferrite centerctapped recording heads. They provide a 
low noise read path,. write current control, and data 
protection circuitry for all channels. 

These multiplexed read/write data channels exhibit 
features not found in similar read/write circuits such as 
improved write current stability and elimination of 
write current "glitches" during power up. 

The Ml4416 has fourteen read/write data channels and 
a chip select pin. The chip select pin allows additional 
read/write circuits in the system by enabling or 
disabling a particular chip. The Ml4415 has fifteen 
read/write data channels and no chip select pin. 

The Ml4415R and Ml4416R versions include on-chip 
damping resistors. 

BLOCK DIAGRAM 
Voo. VccGND WUS 

!~ l 

FEATURES 
• Write current disable during power up 
• Enhanced write current stability 
• Designed for center-tapped ferrite heads 
• Ml4415 provides 15 read/write channels 
• Ml4416 - easjly multiplexed for larger systems 
• Includes write unsafe detection 
• TIL compatible control signals 
• Programmable write current Source 
• +5V, +12V.power supplies 

Vcr 

RIW f~~~-r------~1t========~ __ ~r---------~-HOX 
HOY 
H1X 

5-118 

FOX <>------+------:%':. _1---+-------""7" 

FOY <>------+--------'''''t... 1---+--------"'" 

HSO§~~~~ HSl 
HS2 
HS3 we 

• Ml4416 ONLY 
** ML4415 ONLY 

'Micro Lillear 

H1Y 
H2X 
H2Y 
H3X 
H3Y 
H4X 
H4Y 
H5X 
H5Y 
H6X 
H6Y 
H7X 
H7Y 
H8X 
H8Y 
H9X 
H9Y 
HlOX 
Hl0Y 
HllX 
HllY 
Hl2X 
H12Y 
H13X 
H13Y 
H14X"'· 
H14Y** 



ML4415,' ML4415R, ML4416, ML4416R 

PIN CONNEalONS 

ML4415CQ, ML4415RCQ 
44-Pin pcc 

H4X H3X H2X HIX HOX 
H4Y L H3Y I H2Y I H1Y I HOY I GNO 

6 5 4 3 2 1 44 43 42 41 40 

18 19 20 21 22 23 24 25 26 27 28 

lOP VIEW 

PIN DESCRIPTION 
NAME FUNCTION 

R/W 

wc 

ROY 

ROX 

HSO 

HSI 

HS2 

HS3 

WDI 

WUS 

HSO-HS3 Head Select (14 heads for the Ml4416, 
and 15 heads for Ml4415). 

CS Chip Select (low level enables, Ml4416 
only) 

R/W Read/Write (high level select Read 
Mode) . 

WUS Write Unsafe, open collector output 
(high level inditates an ·unsafe writing 
condition) 

WDI Write Data In (negative transition 
toggles head current direction) 

NAME 

ML4416CQ, ML4416RCQ 
44-Pin PCC 

H4X H3X H2X HI X HOX 
H4Y I H3Y I H2Y I H1Y I HOY I GNO 

6543214443424140 

HllX HI2X H13X 

TOP VIEW 

FUNCTION 

cs 
R/W 

wc 

ROY 

ROX 

HSO 

HSI 

HS2 

HS3 

Vee 

WOI 

HOX-H14X X head connections 

HOY-H14Y Y head connections 

RDX, RDY X, Y Read Data (differential read signal out) 

WC . Write Current (used to set the write 
current magnitude) 

Vee 

VDD 
GND 

Voltage Center Tap (center tap voltage 
source) 

+5 volts 

+12 volts 

'-MiCro. Linear 5-1.19 
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ML4415I'ML'415R, ;Ml.4416;.:· ML4416R 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDrrtoNs 
(Note 1) 

Power Supply Voltage Range Supply Voltage 
Vool ............. : .................. '. -0.3to14Voc Vool ................................. : ... 12V±10% 
Voo2 ................................. -0.3to14Voc ·Vcc ....................................... 5V±10% 
Vcc ............................ : ........ -0.3t06Voc 

Input Voltage Range '. . 
Digital Inputs (CS, R/W, HS, WDI): .•. ',.;n.3 to.Vcc +0.3Voc 
Head Ports ............ :... .. ....... -0.3 to Voo 1 +O.3Voc 

Head Inductance 
LH .................... ,: ............................ 5 to 15pH 

Damping Resistor (RIF ML4415R or Ml4416R) ": 500 to 2000n 
RCTResistor(1!4Watl) ............ : ... ' .......... 120Q±5% 

Write !Jnsafe (WUS) ....................... -0,3. to 14Voc 
Write Curr!!ht (lw) .............................. .-. 60 mA 

Write Cur,e9t (lw) ............................ .10 \'1 40 rnA 

Output Current 
Read Data (RDX, ROY) ......... '.' .. . . . .. . . . .. .. -10 mA 
CenterTapCurrent(lcr) ..................... : .. -60mA 
Write.Unsafe(WUS) ............................. 12mA 

Storage Temperature ....................... -65°C to 150°C 
Junction Temperature (TJ) •...•.•..... .- ...........•.. 135°C 
Lead Temperature (Soldering 10 sec.) ................. 300°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified V001=Voo2-12V ±10%, Vcc=5V ±10%, Rcr=120Q ±5%,'lw=40mA, O°C";TA"; 70°C 
(Notes 2 and 3). ." . . ." • ,. 

SYMBOL I PARAMETER CONDITIONS Mfl'il TYP' j . MAX UNITS 

DC OPERATING CHARACTERISTICS 
POWER SUPPLY 
Icc Vcc Supply Current Read or Idle Mode 31 35 rnA 

Write Mode 26 30 mA 

100 Voo Supply Current Read Mode 29 . . .35 '. mA 

Write Mode 17+lw :" 20+lw rnA 

Idle Mode 17 20 rnA 

Po Power Dissipation" Read Mode 550 655 rnW 

Write Mode Iw=40mA, ,'''' 890 960 mW 
Rcr=OQ "' 

Idle Mode 378 455 mW 

DIGITAL INPUTS (CS, R/W, HS, WDI) 
VIH High Voltage 2 Voc 

VIL Low Voltage 0.8 Voc 

IIH High Current VIH =2.0V ',I .' 100 ,..A 

'lL Low Current VIL",:O.8V ' '-0.4 mA 
" i"_ 

WUSOUTPUT 

VOL Output Low Voltage IOL - 8 mA (Safe) Voc 

IOH Output High Current VoH =5V (Unsafe) ,..A 

CENTER TAP VOLTAGES 
Vcr Read Mode Read Mode Voc 

Vcr Write Mode Write Mode Voc 

5-120 



ML4415, ML4415R, ML4416, ML4416R 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified Voo1 = 12V ± 10%, Vee = 5V ± 10%, ReT = 120n ± 5%, Iw';' 35mA, LH = 10pH, 
Ro = 750n (ML4415, ML4416), fOATA = 5MHi, Cl (RD)(, RDY) :5 20pF, O°C :5 T A:5 70°C (Notes 2 and 3) 
(VIN is referenced to Vcr for Read Mode Characteristics). . . 

SYMBOL I PARAMETER I CONDITIONS MIN TYP MAX UNITS 

WRITE MODE CHARACTERISTICS 

IHcw Head Current (per side) Write Mode -200 0.15 200 f1A 
OE; VccE; 3.7V 
0E;Voo1E;8.7V 

IWR Write Current Range Iw-K/Rwc 10 40 mA 

K Write Current Constant 2.375 2.5 2.625 

VHO Differential Head Voltage Swing 7.0 10.2 V PK 

IHU U nselected Head Transient 2 mApK 
Current 

COD Differential Output Capacitance 8.8 15 pF 

Roo Differential Output Resistance ML4415, 4416 10k . 9 

TI = 25°C ML4415R, 4416R 600 960 9 

fwol WDI Transition Frequency WUS-Low 250 490 kHz 

AI Iwc to Head Current Gain 0.99 mA/mA 

IL Unselected Head Leakage Sum of X & Y Side Leakage Current 85 f1A 

READ MODE CHARACTERISTICS 

Av Differential Voltage Gain VIN -1 mVp.p@ 300 kHz, 85 106 115 VIV 
RL (RDX, ROY) = 1 k9 

DR Dynamic Range DC Input Voltage (VI) Where Gain Falls 10%, -3 ±7 +3 mV 
VIN=VI+O.5mVp.p@300kHz 

BW Bandwidth (-3dB) IZsl <59,VIN = 1 mVp.p 30 40 MHz 

elN Input Noise Voltage BW=15MHz, LH=O, RH=O 1.2 1.5 nV/ VRZ 
CIN Differential Input Capacitance f=5MHz 14 20 ' pF 

RIN Differential Input Resistance f = 5MHz, T) = 25°C ML4415, 4416 2k 15K 9 

VIN = 6mVp_p ML4415R, 4416R 460 860 9 

IHCR Head Current (per side) Read or Idle Mode -200 200 f1A 
OE;VccE; 5.5 V 
0E;Voo1E; 13.2V 

liN Input Bias Current (1 side) 8.5 45 f1A 

CMRR Common·Mode Rejection Ratio VCM=VCT+l00mVp.p@f=5MHz 50 77 dB 

PSRR Power Supply Rejection Ratio l00mVp.p@5MHzonVool, Vo02,orVcc 45 dB 

CS Channel Separation Unselected Channels: 45 57 dB 
VIN=100mVp.p@5MHz 
and Selected Channel: 
VIN=OmVp.p 

Vos Output Offset Voltage Read Mode -460 ±29 +460 mV 

Write or Idle Mode -20 ±1 +20 mV 

VOCM Common·Mode Output Voltage Read Mode 4.5 5.5 6.5 V 

Write or Idle Mode 5.6 V 

RoUT Single·Ended Output Resistan<.e f=5MHz 30 9 

IL Leakage Current, RDX, ROY (RDX, ROY) = 6 V Write or Idle Mode -100 ±15 100 f1A 

10 Output Current AC Coupled LOad, RDX fo ROY ±2.1 ±2.7 mA 
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ML4415, ML4415R, ML441{;tML441fiR: 
, ' M 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified Vool ";12V ±10%, Vet =5V ± 10%, Rcr= 120b,±: 5%, Iw = 35mt\ lH ",,10pH, 
RD = 7500 (Ml4415, Ml4416), fDATA = 5MHz; O°C :::; TA:::; 70°C (Notes 2 and.3) . 

SYMBOL I PARAMETER CONDITIONS ' MIN' TYP ·.MAx UNITS. 

SWITCHING CHARACTERISTICS 

tRW R/W to Write Switching Delay, To 90"10 of Write Current Output J: .105 1 ,..5 
tWR R/W to Read Switching Delay To 90"10 of 100m\!, lOMHz Read Signal .036 1 ,..5 

Envelope or to 90"10 Decay of 
Write Cu.rrent 

tlW CS to Select Switching Delay To 90"10 of Write Cu rrent or to 90"10 of .165 1 ,..5 
or 100m\!, 10MHz Read Signal EnvelOpe 
tlR 

tWI CS to Unselect Switching Delay To 90"10 Decay of 100m\!, 10MHz Read .084 1 ,..5 
or Signal Envelope orlo 90"10 Decay of Write 
tRI Current 

tHS Head Select Switching Delay To 90"10 of 100m\!, 10MHz Read Signal ' . .045 1 ,..5 
Envelope 

tOl Safe to Unsafe Iw=35mA 1.6 3.9 8 us 
Write Unsafe Delay 

tD2 Unsafe to Safe Iw=35mA .387 1 us 
Write Unsafe Delay 

tD3 Prop. Delay Head Current LH =0, RH =0 From 50"10 points 23 25' ns 

Asymmetry Head Current WDI has 50"10 Duty Cycle and 1 nS Rise/ Fall 0.9 ',2 ns 
Time 

Rise/Fall Head Current 10"10 and 90"10 Points " 5 " 20 ns 
, 

, " 

Note 1; Absolute maximum ratl~gs are limits beyond which the life ofthe integrateddrcuit may be impaired. All voltages urlessotherWise 
specified are measured with resPect to ground. 
Note 2: Limits are guaranteed by 100"10 testing, sampling, or correlation with worst-case test conditions. 
Note 3; Maximum junction temperature (TJl should not exceed 135°C. ' 

TIMING DIAGRAM 

HEAD, 
CURRENT 

IX,IY 

5-122 

Write Mode Ti,,!,ing Diagram 
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ML4415, ML4415R, ML4416, ML4416R 

FUNCTIONAL DESCRIPTION 
CIRCUIT OPERATION 
For any selected head, the Ml4415/4416 functions as a 
read amplifier when in the Read mode, or as a write 
current switch when in the Write mode. Pins HSO, HS1 
and HS2 determine head selection while pin R/W 
controls the Read/Write mode. A detected "write
unsafe" condition is indicated by pin WUS. 

READ MODE 
When the Ml4415, 4416 is in the Read Mode, it 
operates as a low-noise differential amplifier on the 
selected channel. In Read mode the write data flip-flop 
is set and both the write unsafe detector and ,the write 
current source are deactivated. The center tap voltage 
is also lowered. Pins RDX and RDY provide differential 
emitter follower outputs which are in phase with the 
X and Y head input pins. 

Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making 
external write current gating unnecessary. 

WRITE MODE 
The Ml441S, 4416 operates as a write-current switch 
when in the Write mode. Write current magnitude is 
determined by the following relationship: 

Iw = K/Rwc 

Where: K = Write Current ,Constant 

Rwc = Resistance connected between pin WC 
and GND. 

The head current is toggled between the X and Y side 
of the selected head by a negative transition WDI 
(Write Data Input). When switching the Ml441S, 4416 to 
write mode, the WDFF (Write Data Flip-Flop) is 
initialized to pass write current through the X-side of 
the head. 

The Ml441S, 4416 exhibit enhanced write current 
stability, compared to similar read/write circuits, which 
reduces the problem of oscillation. This is a result of 
increased internal write current compensation. 'Also, 
write current "glitches" during power-up, common in 
similar read/write circuits, are eliminated with an 
exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector 
output that gives a logic high level for any of the 
following unsafe write conditions: 

• Open head 
• Open head center-tap 
• Too low WDI frequency 
• Read mode selected 
• Device not selected 
• No write current 

Two negative transitions on WDI are required to clear 
WUS after the fault condition is removed. 

The Ml441S, 4416 also offers a voltage fault detection 
circuit that prevents write current during power-loss or 
power-up. 

Table 1. 

HS3 HS2 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 1 

1 1 

1 1 

• ML4415 only 
a : Logic Level Low 
1 = Logic Level High 
X = Don', Care 

Table 2. 

CS** 

0 

0 

1 

.. ML4416 only 
a : Logic Level low 
1 = Logic level High 
X : Don" Care 

'Micro Lin~~r 

Head Select 

HS1 HSO HEAD 

0 0 HO 

0 1 H1 

1 0 H2 

1 1 H3 

0 0 H4 

0 1 HS 

1 0 H6 

1 1 H7 

0 0 H8 

0 1 H9 

1 0 H10 

1 1 H11 

0 0 H12 

0 1 H13 

1 0 H14* 

Mode Select 

R/W MODE 

0 Write 

1 Read 

X Idle 
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ML4f15,ML4415R, ML4416, Mt441&R 

TYPICAL APPLICATION 

+5V +12V 

2K RCT(1) 

Vee VODl VDO~ 

r.M:I:C:RO:::PR:O:C;'E:S:SO:R::J...I--.l--l, WUS 
AND 1-------I-j'R/W 

CONTROL LOGIC CS* 

L------J HSO 

'--------1 ... HSI 

'---------1 ... HS2 
L---------J HS3 

• ML4416 ONLY 

WRITE DATA INPUT-;--~~--J 

READ DATA OUTPUT 

NOTES: 
1. ReT is optional and is used to limit internal power dissipation 

(Otherwise connect V DO 1 to V 002). 
ReT (1/2 Watt) = 120 (40/lw) ohms 
where Iw = Write Current, in rnA 

2. Ferrite head 0Pli<lnal: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY loadcapacltince 20pF maximum. RDX and RDY 
output current must be limited to 100pA. 

4. Damping resistors not required on ML4415R, 4416R. 

ML4415 
ML4415R 
ML4416 
ML4416R 

CND 

WC 

5-124 
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(2) 

HO 

HI 

H2 

HN 
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ML4415, ML4415R, ML4416, ML4416R 

ORDERING INFORMATION 

~ART NUMBER PACKAGE NUMBER OF CHANNELS 

ML4415CQ MOLDED PCC (Q44) 15 
Ml4415RCQ MOlDED PCC (Q44) 15 

Ml4416CQ MOLDED pce (Q44) 14 with CS 
Ml4416RCQ MOLDED PCC (Q44) 14 with CS 

'Micro Linear S~12S. 
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. PRELIMINARY 

ML44171 ML4427 
'Zoned Bit Retording Circuit 

GENERAL DESCRIPTION· 
The ML4417/27 is a bipolar monolithic integrated 
circuit that simplifies the design of zoned bit recording 
systems in hard disk drives. It contains a VCO capable 
of operating at frequencies up to. 95 MHz, a charge 
pump, and the active electronics required for a loop 
filter to form a variable rate data encoding and 
decoding system. 

The ML4417/27 also includes a code clock output and 
the dividers required for an interface clock output 
whose frequency is equal to the code clock output 
frequency divided by 1.5. This feature simplifies the use 
of RLL (1, 7) coding for improved storage density. 

In addition, the ML4417/27 includes two uncommitted 
ECL to TIL level translators to simplify interfacing with 
TIL-based systems. The ML4417/27 is designed for 
operation from 12V and 5V supplies, but may be 
operated from a single 5V supply if desired. 

The ML4417 has TIL-compatiblelogic input levels on 
the charge pump, and the ML4427 has a charge pump 
control input, which, when driven by a CMOS tri-state 
output, eliminates one logic interface line to the 
circuit. 

BLOCK DIAGRAM 
Vcz (5 OR 12V) 

ECLlNl _1!:?SI-_~_-'--___ -I 

ECLlN2....!..71-_______ -I 

QIN2' 

QINI 

INC 

QPUMP 

DEC 

LOOPFIJR (FINE, V3) --"-............ --_-1 

VREF -
Vczl2 

(;" 

FEATURES 
• Wide VCO Range (3:1 Range to 95 MHz) 
• Allows Rll.(1, 7) or (2, 7) Encoding 
• SO-16 (Narrow) Packaging 
• Coarse and Fine VCO Control Inputs 
• Two Uncommitted ECl to TIL Converters 
• 12Y, 5V or Single 5V Operation 

vcc (sV) 

12 

1-------f-9 - TTlOUTl 

1-''--------F8 - moun 

1-_-----1'-1- OSCTP (ECl) 

16 CODEClK (ECl) 

10 INTClK (ITl) 

KF2 ~ 1 (Vcz > Vee + 4V) 
KF2 = 2.5 (Vcz < Vcc + 2V) 

INTCAP(CO\RSE, V2) -=.21:=========:::!.,"""-:-+----:d-____ ;;r_......J 
14 U 11 

GND • CHARGE PUMP INPUT LOGIC LEVELS: 
Ml4417 - m COMPATI8lE, Ml4427 - CMOS TRI·STIiI1' 

VC1. CAPA 
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PIN CONNECTIONS 

Ml4417, Ml4427 
SOIC-16 (Narrow) Package 

oscrp 
INTCAP (COARSE) 
lOOPFlJR (FINE) 

Ve2 (S TO 12V) 

QIN2 
QINI 

EClIN2 

TTlOUT2 

TOP VIEW 

PIN DESCRIPTION 
PIN NQ NAME 

OSCTP (ECl) 

2 INTCAP (COARSE) 

3 LOOPFLTR (FINE) 

4 VC2 

5 QIN2 

6 QINl 

CODEClK (ECl) 

EClINI 

Ve1 

CAPA 

Vee (SV) 

GND 

INTClK (lTl) 

TTLOUTI 

FUNCTION 

Oscillator Test Point. An 
ECl output of the VCO 
that is useful for direct 
evaluation of the VCO 
output. 

The coarse input for the 
loop filter time constant 
setting. 

The fine input for loop 
filter time constant setting. 

Analog power supply 
input, nominal 5V or 12V. 

Increment input on the 
charge pump. This input 
is TTL-compatible on the 
ML4417. On the Ml4427, 
it can be connected, 
along with pin 6, to a 
single CMOS tri-state 
output, eliminating one 
pin on the controlling 
gate array. (Active high) 

Decrement input on the 
charge pump. (Active low! 

PIN NO. 

15,7 

9,8 

10 

11 

12 

13 

14 

16 

ML4417, Ml4427 

Ml4417, Ml4427 
PDlP-16 Package 
(Prototypes Only) 

oscrp 1 16 CODEClK (ECl) 

INTCAP (COARSE) 2 EClINI 

lOOPFlTR (FINE) 3 

Vcz (S TO 12V) 4 

Vee (SV) 

EClIN2 7 INTClK (lTl) 

NAME FUNCTION 

ECLlNl,2 ECl inputs for ECl to 
TIL level translators. 

ITLOUT1,2 TIL outputs for ECL to 
TIL level translators. 

INTCLK (TIL) Interface clock output. 
This output is a TTL 
output at one third of 
the VCO frequency. 

GND Ground. 

Vcc (5V) Logic power supply 
input, nominally 5V. 

CAPA VCO capacitor 
connection. This 
capacitor determines the 
nominal VCO frequency. 

VC1 VC1 should be 
connected to a well-
reguiated 5V ± 5% supply. 

CODEClK (ECl) The code clock output. 
This is an ECl output at 
half the VCO frequency. 

'Micro Linear 5-127 
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ML4417, ML4427 

ABSOLUTE MAXIMUM RATINGS' 
Power Supply Voltage Range 

VC1 .............................. -0.3 to Vcc + .3 VDC 
VC2 ... , ..................... , ............. -0.3 to 14 VDC 
Vcc ...................................... -0.3 to 6 VDC 

Digital Inputs 
EClIN1, 2 ............•.............. -0.3 to Vcc + O.3V 
QIN1, 2 .............. ;: ............. ':'0.3 to Vcc + O.3V 

Analog Inputs 
LOOPFLTR, INTCAP ................ -0.3 to VC2 + 0.3V 
CAPA . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 to V C1 + 0.3V 

Digital Outputs 
TILOUT1, 2, OSCTp, , 
CODECLK,INTCLK ............. : .. -0.3 to Vcc + O.3V 

ELECTRICAL CHARACTERISTICS 

TYPICAL OPERATING CONDITIONS 
Temperature Range ................••...... O°C to +70°C 
Analog Supply Voltage (VC2)~ ................... 5 or 12V 
Digital Supply Voltage (Vce! ........................... 5V 
VC1 ...................................................... 5V 

• This supply voltage is designed for SV or 12V operation. This data 
sheet specifies the Ml4417/4427 for 12V operation. For SV 
specification, please contact Micro line~r. 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. (All voltages are referenced to GND;) . 

Unless otherwise specified, VC2 = 12V.± 10%, Vcc = 5V ± 5%, VC1 = 5V ± 5%, TA = 25°C. 

SYMBOL [ PARAMETER CONDITIONS MIN TVI' MAX [ UNITS 

Power Supply 

ICC Vcc Supply Current(l) Pin 12 90.0 mA 

ICl V Cl Supply Current Pin 14 ltO mA 

IC2 V C2 Supply Current Pin 4 4.5 mA 
.. 

Digital Inputs 

VIH (ECL) High Voltage ECl Input Pin 15, Vcc = 5V 4.0 V 

Vll(ECl) low Voltage ECl Input Pin 15, Vct = 5V 
.. 

3.6 V 

IIH (ECl) High Current ECl Input Pin 15, Vcc = 5V 1250 f.lA 

III (ECl) low Current ECl Input Pin 15, Vcc = 5V 625 1000 f.lA 

Digital Outputs (ECl are Open Emitter) 

VOH (TTl) High Voltage TIL Output IOH = -O.4mA TIL OUT1, 2,3 3.75 V 

VOL (TTL) low Voltage TIL Output IOl = 1.6mA Pins 8, 9, 10, Vcc = 5V 0.50 V 

VOH (ECL) High Voltage ECl Output IOH = -4mA ECl Code ClK 4.05 4.22 4.30 V 

VOL (ECl) low Voltage ECl Output IOl = -4mA Pi 11 16, Vcc = 5V , 2.80 3.22 3.55 V 

Voltage Controlled Oscillator (vCO) <Transfer Function Pin 2 to Pin 1 = 7.5MHzlVoIt@ 10pF) 

fvco VCO·Range Cosc= 10pF Pin 14 to pin 13 20-95 MHz 
(Pin 2 = 1V to llY, Pin 3 = 6V) 
(Pin 14 = Vcd 

Charge Pump 

IQ Charge Pump Current Pin 3 ±125 f.lA 

VQH Charge Pump Maximum Voltage Pin 3 Vc2-lV V 

VQl Charge Pump Minimum Voltage Pin 3 to V 

INC DEC Inputs , 
VIH High Voltage Input Pin 6, Vcc = 5V " 1.9 Vcc V 

Vil low Voltage Input Pin 6 0 0.8 V 

VIH High Voltage Input Pin 5 (Ml4417), Vcc = 5V 1.9 Vcc V 

Vil low Voltage Input Pin 5 (ML4417) 0 0.8 V 

Note 1: This value includes current consumed in 1 Kn terminating resistors from pins 1 and 16 to ground. 
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Mt4417, Ml4427 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, VC2 = 12V ± 10%, Vcc = 5V ± 5%, VC1 = 5V ± 5%, TA = 25°C. 

SYMBOL· I PARAMETER· CONDITIONS MIN lYP I MAX I UNITS 

INC, DEC Inputs (Continued) 

VIH High Voltage Input Pin 5 (ML4427) see figure 2, Vee = 5V 4.2 

VIL Low Voltage Input Pin 5 (ML4427) see figure 2, Vee = 5V 0 

IIH High Current Input Pin 6, VIN = 1.9V -5.0 

IlL Low Current Input Pin 6, VIN = OV -25 

IIH High Current Input Pin 5 (ML4417), VIN = 5V +30 

IlL Low Current Input Pin 5 (ML4417), VIN = 0 - 0.9V -25 

IIH High Current Input Pin 5 (ML4427), VIN = 5V +1.0 

IlL Low Current Input Pin 5 (ML4427), VIN = 3.1V -0.1 

ECL Input 2 (Pin 7) at 25°C, 5MHz < fiN < 35MHz, 40% < Duty Cycle < 60% (If Unused, Pin 7 = Ved 
VIH High Voltage Input 

VIL Low Voltage Input 

VA Voltage Swing 

liN Input Current 

Transconductance Amplifier 

VREFI Inverting Input of. Amplifier 

GM Transconductance 

ISAT Limiting Value' of Output Current 

Ve2 15 OR 12V) 

Vee = 5V 

Vee = 5V 

VIH - Vlu Vee = 5V 

DC Bias Value 

AI (Pin 2) -;. AV (pin 3) 

Pin 2 

Vce ISV) 

12 

3.0 

2.5 

.5 

5.0 

3.1 

+1.0 

-1,9 

+200 

+40 

+20 

+7.0 

4.2 5.1 

3.4 4.6 

2.0 

35 

V e2/2 

27.5 

±120 

ECUN1 _''''St--_______ --I 1-______ -+9:- moun 

ECUN2-'-7t----~------I 1-______ -+8::.-TTWUT2 

QIN2' INC 
Q PUMP 

DEC 
1--<0--____ ----1..:..' _ osap IECl) 

QIN1 

VFIJ 

VINT 2 

, CHARGE PUMP INPUl LOGIC LEVELS: 

KF2 = 1 (Va > Vee' 4V) 
KF2 = 2.5 (Va < Vee = 2V) 

14 13 
+SV --41---11---' 

ML4417 - TTL COMPATIBLE, ML4427 - CMOS TRI·STATE 
Ve1 Case 

Figure 1.. "JYpical Passive Component Connections 

'Micro Linear 

11 

GND 

16 CODEClK IECl) 

10 INTClK (TTl) 

V 

V 

pA 

IlA 

pA 

pA 

pA 

pA 

V 

V 

V 

pA 

V 

pmho 

pA 
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. ML4417, ML4427 

SV 

• 

Figure 2. 

The Ml4427ve~sion has an input on pin 5 that allows a 
single-line control interface on the charge pump. By 
connecting pins 5 and 6 together, the charge pump can 
be controlled from a single CMOS tri-state output as 
follows: HI =' increment, LO '" decrement, tri-state = 
coast. The benefit is a savings of one output pin on a, 
control gate array. A resistive teiminationto Vcd2 is 
required to establish the logic!evel during tri-state, as 
shown. 

TYPICAL PERFORMANCE CHARAOERISTICS 

5~130 

veo 
-- (MHz) vs. VINT 

2 
VC2 = 5V 

(5V-Only Operation)' 

veo . 
-2- (MHz) vs. VliIIT 

Ve2 = 12V 

100 

PIN 16 OUTPUT 

VCO FREQUENCY so 

CONDITIONS: 

VC2 = SY, VFIJ = V~2 SEE FIGURE 1 

2 . 40 Cose' I OpF' 

(MHz) 30 

100 

20 

10 
o 

CONDITIONS: 

/ 

~V/ 
VINT (VOITS) 

PIN 16 OUTPUT 

VCO FREQUENCY SO 

VC2 = 12Y, VFIJ' V~2 SEE FIGURE 1 

/ 
// 
/.....--

4 

Casc - 20pF 

cose • 40pF 

2· .40 Cosc=10,F-
Cose = 20pF 

(MHz) 30 

20 / 

,/ / 
.. ' 

10 
o 

'Micro Linear 
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4417/4427 LOOP RESPONSE 

Volts 
KFLTR - To Be Derived, Units = -

Amp 

x 

'QP 

AI 
T 

SR1C1 + 1 
IQP * ---(--'----'-C-1C-Z--) 

S(Cl + Cz) SR1 -. -- + 1 . 

(SR1Cl + 1) (5* 3.6 * 103 C3 + 1) 
'-------'---'-----------''----- = KFlTR 

36 * 103 S2(Cl + C2)C3 (SR1 C1C2 + 1) 
C1 + C2 

C1 + Cz 

KFlTR 

'-Micro Lineal' 

.vc 

+N 

Ml441~. Ml4427 

Kvco 

Radian 
KFP = 21T-

Hertz 

.125mA Amp 
Kif> = ----z;- Radian 

100% % 
Kvea = ~- -- (Case = 10pF) 

2.5V Volt 

V 
Kl =.1-

V· 
V 

K2 = 1-
V 

vc 

Amp 
GM = 27.5 • 10-6-

Volt 
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Ml441~ ML4427 
; 

Thus complete open loop transfer function T Ol: 
KFP 21f .125. 10-3 

TOl = - * Kif> * KFLTR' Kvco * FREF =---,.--* • ~LTR * - * FREF 
S S 21f 2.5 

KFLTR FREF (SR1Cl + 1) (S • 3.6 * 103 C3 + 1) * FREF 
=--*---= 

S 20 * 103 'C1'C2",' 
S3(C1 + C2)C3 (SR1 --- + 1) *720 *106 

, Cl+ Cz 

O~B~-4-----~-+------+~--~~~---r--------

Must define desired FREF, fo. Zi Pl, Zl; then ca~ proceed with component value determination. 

IfFouT = 36 * 106, N = 50 (typical numbers), then FREF = 720 * 103 
Assume: fo = 1000Hz,Zz = 250Hz, P1 = 3000Hz, Zl = 45Hz 

1. Set Zl with C3: 
l' 1 

3.6 * 103 • C3 = --~ C3 = = .982 • 1(J-6 - 1pF 
21fZl 21f • 45 * 3.6 * 103 , 

2. Set -3 intercept frequency f3 with (Cl + Cz): f3 = (ZlZ2fO)1/3= (11.25 • 106)1/3 

720 * 103 
~ Cl + Cz = , = .358 • 1(J-6 

(21f)3 * 11.25 * 106 * 1(J-6 * 720 • 106 

( C1CZ ) , 
Rl ---

Z2 C1 + C2 "C2 ,Z2, 250 
3. Ratio -- = = -' -,-~ C2 = (C1 + Ci) -- = .358 * 10-6 • -- = .0298 • 10-6 - .030pF 

P1 R1Cl Cl + C2 P1 3000' 

4. Cl = (Cl + Cz) - C2 = .358 • 10-6 - .030 * 10-6 = .328 • 10-6 - .33pF 

, 1 ' 1 
5. Set Zz with Rl: R1Cl' = -'-,' ,'--- Rl =" ' = 1.929 • 103 - 1.91K 

21fZz 21f * 250 * .33 * 10-6 
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ML4417, ML4427 

ORDERING INFORMATION 

PA~T NUMBER TEMP. RANGE PACKAGE 

Ml4417CP DOC to +7DoC MOlDED DIP (P16) 
. Ml4417CS. DOC to+7D~C MOLDED SOIC (S16N) 

Ml4427CP DOC to +7DoC MOlDED DIP (P16) 
Ml4427CS DOC to +7DoC MOlDED SOIC (S16N) 
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PRELIMINARY 

ML4418 

low Saturation Voice Coil Servo Driver 

GENERAL DESCRIPTION 
TheML4418 is a voice coil power driver intended for use in 
High Performance 12V Hard Disk servo systems. The 
ML4418 contains all control circuitry necessary to drive the 
voice coils of most drives. To. maximize compliance 
voltage, the ML4418 includes two l-Amp NPN drivers and 
provides base drive for external PNP transistors. In addi
tion, power fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the drive. 
A current sense amplifier is included to enable voice coil 
current feedback for velocity calculations. Special care has 
also been taken to maximize system loop bandwidth. 

The transconductance programmed by a logic input at 1/2 
A/V and 1/7 A/V respectively, when using a lQ sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without compromising 
dynamic range during seek. 

The retraction circuit, main drive circuit, and control circuits 
are each powered from their own supplies. Retract is self
contained for 12V systems but allows the use of an external 
PNP to allow retraction with as little as 1 V of back EMF 
from the spindle. 

BLOCK DIAGRAM 

22. POWER FAll 

, a I(SENSE.} OUT 

, 1 

RETRACT 
23 

3 HIGH/lOW 

The power fail detection circuit includes a precision 1.SV 
bandgap reference and a power fail comparator. 

The ML4418 is implemented using Micro Linear's bipolar 
array technology. This allows for customization of the IC 
for a user's specific app·lication. 

FEATURES 

• Low saturation voltage «lV at 1 A.) 

• No cross-over distortion with low quiescent current 

• VCM coil current output referenced to VREF 

• Pin-programmable transconductance settings 

• Retraction circuitry with programmable retract voltage 
and separate power pin operates to 1 V 

• On-chip precision power fail detect circuitry 

• Over-temperature protection with flag output 

• Operates from + 12 supplies 

+T2V 

1 _____ _ 
-----------------------

"n 
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ML4418 

PIN CONFIGURATION 
ML4418 

24·Pin sOle 

VCC 24 12V SENSE 

DISABLE 2 23 RETRACT 

HIGH/LOW 3 22 POWER FAIL 

RETR OUT 21 +5V 

RET SET 5 20 COMP2 

GND 19 COMP 1 

R(SENSE) 7 18 CONTROL-

V(RET) 8 17 I(SENSE) + 

SOURCE B 9 16 CONTROL + 

I(SENSE) OUT 10 15 PWRGNDA 

PWR GND B 11 14 SINKA 

SINK B 12 13 SOURCE A 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

1 VCC Supply input to power amplifiers power amplifier. 

2 DISABLE A Logic "1" puts the IC into a low power 14 SINKA Current sinking output for non·inverting 
state and disables the power amplifiers. power amplifier. Connects to voice coil 

3 HIGH/LOW A logic "1" sets the transconductance gain (+) terminal. 

to 1/2 while a logic "0" sets the gain to 1/ 15 PWR GND A Power return pin for non-inverting power 
7. Transconductance gain is the VR(SENSE) amplifier A. 
+ VCONTROL· 16 CONTROL + Positive input for current command. 

4 RETR OUT Open collector output which pulls low 17 I(SENSE) + Positive input for current sense amplifier. 
during retract. Used to provide a braking 
signal to spindle. 18 CONTROL- Negative input for current command. 

5 RET SET External set resistor to establish a voltage 19 CaMP 1 Pin for external compensation capacitor. 

limit for the internal retract driver. 20 CaMP 2 Pin for external compensation capacitor. 

6 GND Analog signal ground. 21 +5V Input for +5V for power fail detection and 

7 R(SENSE) Current sense resistor terminal. logic power supply. 

8 V(RET) Supply pin for retract circuits. 22 POWER FAIL Open Collector output drives low for low 

9 SOURCE B PNP Base drive output for inverting 
voltage conditions. 

power amplifier. 23 RETRACT A logic "0" initiates retract. Also used as 

101(SENSE) Output of the Current Sense amplifier 
an open·collector over-temperature 

OUT 
output flag. 

11 PWR GND B Power return pin for inverting power 
2412V SENSE Input to the power fail comparator from 

amplifier B. 
a resistor divider from VCe. 

12 SINK B Current sinking output for inverting 
power amplifier. Connects to voice coil (-
) terminal. 

13 SOURCE A PNP Base drive output for non-inverting 
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Ml4418 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Supply Voltage (pins 1,8) .................................................. 14V . Temperature Range ............................................ O°C to 70°C 

VCC Supply Voltage ..................................... 1 0.8V to 13.2V Voltage pins 2, 3, 23, 22 ............................... : ... -0.3V to +7V 
pins 4,7,8,9,12,13,14,17 ................. -0.3V to VCC +5V (pin 21) Supply Voltage ............................ 4,5V to 5.5V 

Output Sink Current ........................................... , ....... , .. ,,; .. ± 1 A V(RET) (pin 8) Supply Voltage ........................ 2.5V to 13.2V 
Retraction Current .....................................• , .. ,; .....•.......... 80mA 
Retract set current (pin 5) .......................... ~ •.•• ,................ 3 mA 

CONTROL + Voltage Range (pins 16) .............. OV to VCC 
CONTROL - Voltage Range (pins 18) ........... 2.4V to 6.0V 

Junction temperature ................................... ~............... 150°C 
Storage Temperature Range ....................... -65°C to 150°C 
Lead Temperature (Soldering 10 sec.) ..................... , 260°C 
Thermal Resistance (eIA) ........................................... 60°C!W 

Absolute maximum ratings are those values beyond which. 
the device could be permanently damaged. Absolute 
maximum ratin'gs are stress ratings only and functional 
device operation is not implied. 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA=Operating Temperature Range, VCC=operating range, RSENSE=Hl, RCOIL=1 5Q 
CONTROL - (pin 18) = VCC/2, RSET (pin 5) = 7.5KQ, C1=30pF, Q1=Q2= MJE210. 

PARAMETER I CONDITIONS MIN TYP MAX 
Amplifier 

Offset ±12 

Common Mode Transconductance 2V < VPIN18 < 6V 0.5 1 

Gain pin 3 = 2V 475 500 525 

pin 3 = 0.8V 136 143 150 

Maximum Bandwidth 100 

Sinking saturation IOUT=100mA .' 0.3 0.6 

lOUT = 300mA 0.4 0.8 

lOUT = 500mA 0.5 1 

Sourcing saturation lOUT = lOOmA 0.1 

lOUT = 300mA 0.2 

lOUT = 500mA 0.3 

Source AlB Base Drive 20 30 50 

Ql/Q2 Standby Current f\PNP = 200, VPIN16 = 5V 1 4 7 

Retraction Circuit 

Turn on time 800 

Turn off time 8 '.' 

Source Voltage VPIN23=0.8V, VPIN8= 3V, IplN7= -SOmA 0.53 0.75 0.97 

Sink Current VPIN23=0.8V, VPIN8= 1.2V, VPIN12= 0.6V 36 48 150 

RETR OUT VOL VPIN23=0.8V, Ip1N4=1 mA 0.4 

Power Fall DetectIOn Circuit 

1 2V Threshold 9.5 10 10.5 

Hysteresis - 1 2V Sense 5 120 190 

5V Threshold 4.35 4.525 4.70 

Hysteresis - 5V Sense 5 30 80 

0 an U s L glc Inputs d a tput 

Voltage High (VIH) 2 1.4 

Voltage Low (VILl 1.4 0.8 

Current High (lIH) VIN=5V ±10 

Current Low (lILl VIN=OV, except pin 23 -40 -10 

VIN=OV, pin 23 only -250 -160 

Voltage Low (pins 22, 4) IOL=lmA 0.4 

5-:138 'Micro Linear 

UNITS 

mA 

mAjV 

mAjV 

mAjV 

Khz 

V 

V 

V 

V 

V 

V 

mA 
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nS 
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V 

mA' 

V 

V 

mV 

V 

mV 

V 

V 

IlA 

IlA 

IlA 
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Ml4418 

ElECTRICAL CHARACTERISTICS (continued) 

Unless otherwise specified, TA=Operating Temperature Range, VCC=operating range, RS ENSE=1 12, RCOIL =1512 
CONTROL - (pin 18) = VCC/2, RSET (pin 5) = 7.5K12, C1=30pF, Q1 =Q2= MJE21O. 

PARAMETER CONDITIONS MIN TYP I MAX UNITS 
Over-Temperature Detection 

TI Threshold 

Hysteresis 

Current Sense Amplifier 
Voltage Offset ±50 mV 

Differential Mode Gain 1.95 2 2.05 V/V 

Common Mode Gain -44 dB 

Current Consumption 
Pin 21 Pin 21 = 5.5V 5 8 mA 

Pin 1 VCC=13.2V, VPIN16 = VCC/2 8 13 mA 

Pin 8 VPIN8 = 13.2V, VPIN23 = 5V 3.5 5 mA 

FUNCTIONAL DESCRIPTION 
POWER AMPLIFIER 

The ML4418 power amplifier circuit is set up as a Howland 
Current source with a fixed gain of 1/2 or 1/7 (set by 
driving pin 3 high or low respectively). This architecture 
yields minimal cross-over distortion while maintaining low 
output cross conduction currents. 

The gain figure refers to the ratio of input voltage to the 
output voltage seen across RSENSE. For example, at a 1/2 
gain setting, with V(-) input at 2.5V and the V(+) input at 
3V, +500mA would flow through the coil using a 0.512 
sense resistor. Under the same conditions with pin 3 low, 
the current would be 143mA. The ability to change from 
low to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 

COMP 1 COMP2 

Figurel- Power Amplifier Topology 

The output stage is designed to provide minimal saturation 
losses and employs an external PNP transistor for the 
sourcing drive and an internal saturable NPN to sink 
current. Sinking saturation drop is typically under O.4V. 
Sourcing saturation drop depends on the external transis
tors used. To avoid oscillation in the output stage, PNP 
transistors with F1 ?50Mhz. should be used. 
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Mt4418 
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Figur~.4.0utputCurrent: VIN = 100 HzSine Wave, 
2.4Vp•p, low Gain Mode (VPIN1=0), R(SENSE) = 1Q 

Figure 5., Output Current: VIN = l' KHz Sine Wave, 2.4Vp.p 

l~w Gain Mode (VPINl = '0), R(SENSE) = 1 Q 
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,POWER FAil DETECT CIRCUIT 

The ML441 8 circuit consists of a precision trimmed refer· 
ence, resistor dividers and an "or function" comparator with 
hysteresis. The'output (open collector) of this circuit 
appears on pin 22. When either comparator iriput falls 
below the 1 .SV reference, pin 22 pulls ,low. 

RETRACT CIR~Ur'rS 

The ML441 8 retract circuit provides for spindle EMF: 
energized powerfail retraction' of the VCM. When pin 23 
goes low, pin 4 will pull low, providing a'sjgnal which can 
be delayed for spindle braking. The internal NPN transistor 
will saturate, pulling SINK B (pin 1 2) low. This portion of 
the circuit will function with less than 1V on V(RET). An 
internal voltage limited pull·up transistor is provided which 
sources current on pin 7 to the VCM. This circuit will 
operate reliably down to a V(RET) voltage of around 2.SV, 
making the ML441 8 retract circuit adequate for 12V 
systems where the spindle motor EMF provided is ad· 
equate., ' 

Figur!! 6 shows the saturation characteristics of the SI'NK B 
output (RSAT ~ 9Q) The RSAT of the pull down transistor 
does not vary appreciably with V(RET) voltage. Figure 7 
shows the voltage sourced at R(SENSE) during Retract vs. 
R(SET) at various V(RET) input voltages. 

CURRENT SENSE AMPLIFIER 

The current sense amplifjer in the ML441 8 creates a signal 
referenced to CONTROL - (normally the Vref pin of the 
system's DAC and ADC) appearing accross a resistor in 
series with the VCM. Its output is twice the voltage that 
appears I?etween pins 17 and 7. 
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APPLICATIONS 

POWER AMPLIFIER COMPENSATION 

Figure 8 below shows the equivalent AC circuit for the 
current amplifier. 

C(s) 

R(S) 

Figure 8. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber 

The amplifier's current bandwidth is limited by COUT which 
varies with the value chosen for RSENSE 

1197 x (CCOMP + 3.5pF) 
COUT ~ ---" -"'-'='-'-'-"'----

RSENSE 

Where CCOMP is C1 between pins 19 and 20. With no 
snubber (RS and CS) the bandwidth is limited to. 

2.414 
F_3dB = 21t L(M) C(OUT) 

ML4418 

Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with a resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 

R(S) = 

For a given C(S), setting R(S} to this value will minimize the 
ringing in the transient response. Larger values of R(S) will 
result in more ringing and more bandwidth. Smaller values 
of R(S) will result in more ringing and less bandwidth. 

C(S) (snubber capacitor) values of between 200nF and 1 IlF 
are usually necessary to achieve the desired reduction of 
ringing in the step resonse. At the optimum value of R(S) 
larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 8 with a computer simula
tor (such as SPICE). 
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GENERAL DESCRIPTION 
The ML4431 provides all of the analog circuitry 
necessary for the demodulation of di-bit servo signal 
information in Winchester disk drives. It interfaces to 
the servo head preamp and provides quadrature 
position signal outputs for the servo controller 
circuitry. 

The ML4431 includes a high-performance 592-type 
input amplifier and differential AGC circuit. External 
logic is designed to meet the needs of the particular 
servo system utilizing the VCO and Charge Pump to 
create a PLL time base for Peak Detector gating. The 
SYNC output provides servo channel timing 
information for the logic. 

The ML4431 has an ECL-type VCO, with an internal 
ECL-to-TTL converter for simplified interfacing. 

The ML4431, when combined with the ML4402 Servo 
Driver, the ML4403, ML4413 Servo Controller and the 
ML4404 Trajectory Generator, provides a flexible 
closed-loop servo control system. 

BLOCK DIAGRAM 

May 1992 
PRELIMINARY 

ML4431 

Servo Demodulator 

FEATURES 
• Combines all analog di-bit demodulation circuitry 
• Logic track-type switching can be used to minimize 

demodulator offset 
• Exponential AGC characteristics makes AGC settling 

independent of input step size 
• External loop compensation of analog blocks 
• External digital circuitry allows flexible pattern 

format 
• On-chip band gap voltage reference eliminates 

external referencing 
• Operates from 5V and 12V power supplies 
• Programmable Peak Detector Discharge Current 
• Digitally-controlled AGC set point 
• TTL output VCO 
• AGC Sense switcha.ble to "POSA only" or both 

"POSA and POSB" 
• Compatible with Micro Linear's ML4403, Ml4413 

Servo Controller, Ml4402 Servo Driver and ML4404 
Trajectory Generator 

32 

CDC TESTr------l 
POINT I I 

12 VAGC 

11 PWM 

14 GAINI 
15 INX 
16 INY 
17 GAlN2 

4 FLTR 

5 +5V 

6 VCOI 

7 VCOP I I 

I 
8 VCON , I 

L ________ J 

IVR'. , , , , 
I SYNC SEPARAJOR i 
, I 
, I 
, SYNC 10 

PKDECAY 

FOUR PEAK DETECTORS 

VRE. 

VR" 29 

27 2324 25 26 
Gl G2 G3 G4 Cl C2 C3 C4 
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PIN CONNECTIONS 

ML4431 .32-Pin PCC 

FINC TP POSB 
FITR I FDEC I CDC I POSA 

14 3 2 1 32 31 30 

VREF 

VCOI +12V 

VCOP PKDECAY 

VCON ML4431CQ GATE4 

GND . PLCC·32 
GATE3 

SYNC 10 

PWM 11 

VAGC 12 

CAGC 21 

14 15 16 17 18 19 20 

I INX I GAIN2 I CAP1 I 
GAIN1 INY AGCSW CAP2 

PIN DESCRIPTION 
PIN NO. NAME FUNCTION PIN NO. NAME ... FUNCTION 

TP Composite test point, normally left 18 AGCSW Selects between "POSA only" or 
unconnected. "POSA and POSB" AGC ·sense 

2 FDEC Charge pump frequency operation. logic "0" selects "POSA 

decrement input: only'~ operation. logic "1" selects 

3 FINC Charge pump frequency 
"POSA and. POSB" .opl'!tation. 

increment input. 19 CAPl Peak detector 1 capacitor: 

4 FLTR Pll loop compensation terminal. 20 CAP2 Peak detector 2 capacitor. 

5 +5V +5V supply. 21 CAP3 Peak detector 3 capacitor. 

6 VCOI VCO input. 22 CAP4 .. Peak detector 4 capacitor. 

7 VCOP VCO positive output, for 23 GATEl Peak detector 1 gate input (TIL) 

capacitive feedback to VCOL logic "1" enabled, "0" disabled. 

8 VCON VCO negative output, drives 24 GATE2 Peak detector 2 gate input (TIL) 

resistive feedback to VCOL logic "1" enabled, "0" disabled. 

9 GND Ground. 25 GATE3 Peak detector 3 gate input (TIL) 

10 SYNC SYNC pulse output. 
logic "1" enabled, "0" disabled. 

11 PWM PWM DAC input to adjust AGC 
26 GATE4 Peak detector 4 gate input (TIL) 

set point. 
logic "1" enabled, "0" disabled. 

12 VAGC AGC gain reference voltage input. 
27 PKDECAY Sets peak detector discharge 

current. 
13 CAGC External capacitor to set AGC 28 +12V +12V supply. 

response. 

14 GAINl Input amplifier gain adjusting RC 
29 VREF Voltage reference output. 

terminal 1 30 POSA Position output A. 
POSA .. ·Peak Detector 1 - Peak 

15 INX X input into input amplifier. Detector 2 
16 INY Y input into input amplifier. 31 POSB Position output B. 
17 GAIN2 Inplit amplifier gain adjusting RC POSA = Peak Detector 3 - Peak 

terminal 2. Detector 4 

32 CDC External capacitor terminal to set 
DC· restore response. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Power Supply Voltage Range, Vcc ....................... 14V 
Input Voltages: 

GAIN1, GAIN2 .................................. -0.3 to BV 
CAGC .......................................... -0.3 to 7.0V 
V AGC, PWM, VCOI ............................ -0.3 to 5.3V 
CAP1, CAP2, CAP3, CAP4 .................... , --0.3 to 10V 
GATE1, GATE2, GATE3, GATE4, VCOP .......... --0.3 to 7.5V 
INX, IN\; VCON, FINC, FDEC, CDC, CAGe. FLTR 
.......................................... -0.3 to Vcc +O.3V 

8JA for PLCC-32 ................................. =60°ClWatt 
Storage Temperature Range ................ -65°C to +150°C 
Junction Temperature (TJMAX) .......................... 150°C 
Lead Temperature (Soldering, 10 sec) .................. 260°C 

ELECTRICAL CHARACTERISTICS 

ML4431 

OPERATING CONDITIONS 
Temperature Range .............................. O°C to 70°C 
Supply Voltage V(+12V) ......................... 12Voc ± 10% 
Supply Voltage V(+5V) ........................... SVoc ± 10% 
Input Coupling Capacitance (CI) ....................... O.OlI1F 
Input Amp Gain Capacitance (Cd ................... 0.04711F 
Input Amp Gain Resistance (Re) ......................... lkO 
AGC Response Compensation Capacitance (CA) ...... O.01BI1F. 
Composite DC Restore Capacitance (CD) ............. 0.01811F 
PLL Compensation Components: 

CCP1 ................................................. O.lI1F 
CCP2 .................................................. ll1F 
Rep .................................................. 9100 

VCO Components: . 
Cv ................................................... 39pF 
Rv .................................................. 15000 
RL ................................................... 6BOO 

Peak Detector Capacitance (CAPl thru CAP4) ......... 270pF 
On track Base-to-Peak Voltage at pin TP ............... 1.75V 
VGA Gain Control Voltage (at pin CAGe! """""'"'' =2AV 
RSET .............. ,................................... 330KO 

The following specifications apply over the recommended operating conditions of TA = ooe to 70oe, 
V(+12VI = 10.8 to 13.2\/, V(+5VI = 4.5 to 5.5\/, VVAGC = 4.0\/, and external components as recommended above, 
unless otherwise specified (See Note 1) 

SYMBOL I PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply 

1+12 Supply Current V+12 = 12\1, V+5 = 5V mA 

1+5 Supply Current V+12 = 12\1, V+5 = 5V mA 

TTL Inputs FINC, FDEC, GATE1, GATE2, GATEl, GATE4, PWM, AGCSW 

VIH High level Input Voltage 2.0 V 

VIL low Level Input Voltage O.B V 

IIH High level Input Current VIH = 2AV -1 30 pA 

IlL Low level Input Current VIL = OAV -20 1 I1A 

SYNC Output 

VOL Low Level Output Voltage IOL = 1.6mA 0 0.35 0.5 V 

VTHR Positive going input threshold VREf+0.9 V 

VTHF Negative going input threshold VREF V 

tpo± Propagation Delay Rising, Falling RL = 2k, CL = 15pF 50 ns 

YCON Output 

High level Output Voltage IOH = 50l1A V 

VOL Low level Output Voltage IOL = 1.6mA V 

YCO and Charge Pump Section 

ISlAS VCOI Input Bias Current 0 20 50 I1A 

ICH,lols FlTR Charge and Discharge Current 330 450 590 I1A 

ICH/iois FlTR Charge/Discharge Ratio 0.95 1.00 lOS I1A/I1A 

IOfF FlTR OFF State Current FINC = 2.0, FDEC = O.B 0 25 50 nA 

FMAX MAX VCO Frequency to Maintain 20 MHz 
+ and - 5% Control Range (Note 3) 

VOH (FlTR) Charge Pump Maximum Voltage V(+12V)-11V V 

VOL (FLTR) Charge Pump Minimum Voltage 1.0 V 
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ELECTRICAl' CHARACTERISTICS (Continued) 
The following specifications apply over the recommended operating.cortditions of TA.= O°C to 70°Ci 
V(+12V) = 10.8 to 13.2V, V(+SV) = 45 to 55V, V AGc=4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1)· . 

SYMBOL I PARAMETER CONDITIONS ' MIN TYP MAX 

VCO and Charge P~mp Section (Coritinued) 

Fvco VCO Frequency Range (Note 3) 'TA = 25°C, V+5 " 5V, 9.7 10.0 10.3 
VFlTR " 6Y, tv = 30pF, 
Rv = 3.74Kn, see figure 1 

Kvco VCO Voltage to Frequency Factor 2 

Input AMP, AGC AMp, and OC Restore 

RIN INX, INY Differential Input Resistance 7 10 14 

IGAIN1,2 GAIN1, GAIN2 Bias Current 0.66 1.0 1.20 

RINAGC VN:,C Input Resistance 7 10 13 

GMAGC AGC Transconductance at CAGC 370 

RAGC Control Range of ,A.<:;C loop to Regulate 7/1 
Composite Amplitude to within 2% 
of Nominal .', 

BW Bandwidth from INJ(, INY to Composite 10 15 
(Note 4) 

GMDCR DC Restore Transconductance 500 

peak Detectors 

Charge Current 

IDIS Discharge Current T A = 25°C, RSET = 330K 

Voltage Reference 

VREF Reference Voltage TA = 25~C 4.75 . 5.00 5.25 

TC Tempco 50 

RoUT " Load Regulation 2 

PSRR line Regulation 10 

ISINK Maximum SINK Current 0.8 

Output Amplifiers (POSA, POSB) 

VOS Input Offset VCAPl-4 = 6V -10 0 10 

Av Gain 1.15 1.20 1.25 

AVA/AVB Gain Tracking -3 0 +3 

Vour Output Voltage Range 1.0 9.5 

ISRC Output Source Current 3 

ISNK Output Sink Current 2 

SR Slew Rate 2.5 

BW 3dB Gain Bandwidth 3 

UNITS 

MHz 

%IV 

kO 

mA 

kO 

'pMHOS 

VIV 

MHz 

pMHOS 

" mA 

V 

ppm/oC 

mVimA 

mVIV 

mA 

mV 

VIV 

% 

V 

mA 

mA 

Vips 

MHz 

Note 1: O"C to 70·C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
correlation with worst-case test conditions. . 

Note, 2: Typicals are para'metric, norm at 2S·C 
Note 3,: This parameter is guaranteed but not 100% tested and is, not used in outgoing quality level. calculations. 
APPLICATION HINTS . 
Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 
1. Set composite signal amplitude, measured at pin TP, by adjusiing voltage at pin V K,C (approximately 4.7 volts). The composite signal should 

be set to 1.7S volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 
2. Adjust Rg so that the VGA is in mid-range. This is determined 'by measuring the voltage at pin CK,O. it should be approximately 0.9 volts. 

CK,C voltage will vary approximately ±O.S volts over the AGe range. ' . 
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FU NCTIONAL DESCRIPTION 
INPUT AMPLIFIER 

The input amplifier is equivalent to a wide-band 592 
type video amplifier and provides amplification and 
buffering to the AGC circuitry. The Inputs INX and INY, 
which must be AC coupled, accept the composite 
analog signal from the servo head differential 
preamplifier. Internal input termination resistors 
eliminate the need for external bias resistors. 
Prefiltering of the signal is normally desired to eliminate 
unwanted components. External components Rc and 
Cc determine the input amplifier's low frequency cutoff 
and gain as follows: 

FC = 1 
27T(Rc + 600)CC 

A __ 1,,-7,,-00:....,,
v-Rc+600 

Where: Cc = External series capacitance between pins 
GAIN1 and GAIN2 

Rc = External series resistance between pins 
GAIN1 and GAIN2 

AUTOMATIC GAIN CONTROL (AGC) 

The purpose of the AGC loop is to maintain a constant 
peak output voltage level at outputs POSA and POSB. 
This peak level is established by the reference voltage 
applied to pin V ACC. 

Vp_p (Composite Position Pulses) = K1 x V ACC + K2 

Where: K1 = 0.65 
K2 = .13 * VREF 

In this closed-loop system, the peak detector output 
voltages are fed back and combined with the V AGC 
voltage to provide a gain control current. The current 
controls the variable gain amplifier (VGA) and is 
compensated at pin CAGC to provide control of AGC 
bandwidth. The bandwidth of the entire AGC loop is 
determined by: 

Where: K = 2.8 x 10-4 
VVAGC = External reference voltage at pin V ACC 
CA = External capacitance at pin CACC 

PWM CONTROL OF AGC SET POINT 

The PWM input (pin 10) accepts a variable duty-cycle 
input to control the AGC set point. The relationship 
between duty-cycle and set point is: 

100% duty-cycle ........ AGC set point is equal to VREF. 

0% duty-cycle ...... AGC set point equal to 0.6 x VREF. 

A filter capacitor from pin 11 to ground is required to 
filter the PWM signal. This capacitor should be 
sufficiently large relative to the 10KO nominal internal 
termination resistance at pin 11. 

The AGC set point may be set manually via direct 
voltage control of pin 12 if desired. Pin 11 should be 
grounded in this case. 

ML4431 

SWITCHING THE AGC SENSE RESISTORS 

The AGCSW input (pin 17) allows selection of the AGC 
sense. The choices are: 

AGCSW low ................... AGC senses POS A peak 
detector outputs only. 

AGCSW high ........... AGC senses POS A and POS B 
peak detector outputs. 

COMPOSITE AMPLIFIER 

The input amplifier and AGC circuit of the ML4431 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
composite amplifier converts the differential signal into 
a buffered single-ended signal for the peak detector 
circuitry. The DC base line of the composite signal is 
equal to VREF. The bandwidth of the DC restore 
function is controlled by capacitor CD at pin CDC with 
the following relationship: 

1 
Where: gm = 2KO 

BW=~ 
27T CD 

CD = External capacitance at pin CDC 

The composite signal is available at pin TP and is 
normally left unconnected. For short circuit protection 
a 7500 resistor is connected in series with pin TP 
internally. 

SYNCHRONIZATION PULSE SEPARATOR 

The SYNC pulse separator is a threshold comparator 
with hysteresis which passes pulses from the composite 
amplifier above a set threshold. It provides a buffered 
TTL output. The SYNC output, when gated through an 
external one-shot, is used to control the external gate 
timing and PLL logic. Active pull-up differs from ML4401 
SYNC. 

PEAK DETECTOR 

The peak detector circuit captures the peak signal 
amplitude of the di-bit pulses. The gates are controlled 
by inputs GATE1 through GATE4. Timing is established 
by the external logic circuitry. The external peak 
detector capacitors are connected from pins CAP1 
through CAP4 to ground. The peak detector discharge 
rate (set by CAP1-CAP4 and current out of PKDECAY) 
determines the maximum track crossing rate during an 
access operation. The peak detector outputs are fed 
into internal differential amplifiers that calculate the 
track error signals and provide buffered outputs POSA 
and POSB as follows: 

POSA = 1.20 (CAP1 - CAP2) + VREF 
POSB = 1.20 (CAP3 - CAP4) + VREF 
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PEAK DETEOOR DECAY RATE CONTROL 

The decay rate of the' peak detector can be 
programmed by changing the external resistor RSET,(pin 
26, see connection diagram). The decay rate is 
determined· by the discharge current for the hold 
capacitors .C1 - C4. The relationship between the 
discharge current and RSET is: 

VREF 
IDISCHARGE = -R 

SET 

VOITAGE CONTROLLED OSCILLATOR AND 
CHARGE PUMP 

The VCO and external phase compare logic provide a 
time base for peak detector gate synchronization; 
Inputs FIN.C and FDEC provide increment and 
decrement signals to the charge pump for changing the 
oscillator frequency. The. FINC and FDEC inputs gate 
the charge pump for the duration of the pulse width. 
The RC timing network formed by Cv and Rv at pins 
VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Rv should be greater than 10000, Too low of a value 
will result in excessive power dissipation. RL should be 
about 6800. 

The VCO output should only be taken from pin VeQN. 
Charge pump capacitor CCP1 is connected from pin 
FLTR to ground. Components Rep and CCP2 are also' 
connected in series from pin FLTR to ground to· provide 
VCO loop compensation. 

INTERNAL VOLTAGE RE.FERENCE . 

VREF is an internal band:gap voltage reference .. It is 
buffered and available at pin VREF and is used by the 
ML4402, ML4403, ML4404 and otherthips requiring a 5 
volt reference.' . 

EXTERNAL LOGIC 

The external logic provided by the user typically.has a 
complexity of about 150 to 300 equivalent gates. 
Complexity and architecture depends on the users di
bit pattern and control function. 

Note: Stray capacitance should be considered i'n applying the above 
relationships when low' capacitor values are u~ed. St'ray 
capacitance of the integrated circuit terminal is typically about 
2 to 3pF. 
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TYPICAL PERFORMANCE CHARAOERISTICS 

12 VAGC 

PWM 
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Figure 1. ML4431 Connection Diagram 
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ORDERING INFORMATION 

PART NUMBER TEMP. RANGE PACKAGE 

ML4431CQ MOLDED pee (Q32) 
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PRELIMINARY 

ML4506 

5V Disk Voice Coil Servo Driver 

GENERAL DESCRIPTION 

The ML4S06 is a voice coil power driver intended for use 
in SV Hard Disk servo systems. The ML4S06 contains all 
power and control circuitry necessary to drive the voice 
coils of most small form factor drives. In addition, power 
fail detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input at 
1/4 AN and 1/24 AN respectively, using a 1 Q sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop by eliminating the need for a blocking 
diode. 

BLOCK DIAGRAM 
3375 1600 

,-----------~ 

I POWER FAil DETECT : , , 
~~~~~~'~ : 

, , , 
1.5V I 

I 

Ii 
I __________ =_J 

CONTROl+ 

CONTROl-

, , , 
I ___________ .J 

RETRACT 

HIGH/LOW 

+5V 

32K 

The power fail detection circuit includes a precision 1.SV 
bandgap reference. 

The ML4S06 is implemented using Micro Linear's bipolar 
array technology. This allows for easy customizing of the 
IC for a user's specific application. 

FEATURES 

• SOOmA power output with 1 .3V total forward drop 

• Low offsets, cross-over distortion and quiescent current 

• Pin-programmable transconductance settings 

• Retraction circuitry with programmable retract current, 
voltage limiting, and separate supply pin. 

• On-chip precision power fail detect circuitry 

• Over-temperature protection with flag output 

• Logic input available for disabling outputs 

, , , 
-:-, 

RETRACTION , 
1 _______________ J 

RS 

Q1 
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ML4506 

PIN CONNECTION 
Ml4506 

20-PIN SOIC (S20W) OR 20-PIN SSOP (R20W) 

Vee 20 RETRACT 
DISABLE ,. RETROUT 
RET SET 18 POWER FAil 

HIGH/LOW 17 5VCOMP 
GND ,. REF 
VRET 15 CONTROl+ 

RSENSE ,. CONTROl-
PWRGNDA 13 PWRGND B 

OUTPUT+ 12 OUTPUT-
OUT+ SENSE 11 PWRVC 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME FUNCTION PIN# NAME FUNCTION 

Vee Positive Power supply for the Ie. 12 OUTPUT- Negative Output terminal for bridge 
Normally connected to +5V. amplifier. 

2 DISABLE A logic "1" turns off the main 13 PWR GND B Ground Terminal for power 
outputs. amplifier. 

3 RET SET A Current into this sets up the 14 CONTROL- Negative input for current 
voltage limit for the internal retract command. 
sourcing circuit 

15 CONTROL+ Positive input for current command. 
4 HIGH/LOW A logic "1" sets the 

16 REF Reference input to the Power Fail transconductance gain to 1/4 while 
a logic "0" sets the gain to 1/24. comparator. Leave open to use 

Transconductance gain is defined 
internal 2.5V reference. 

as: 17 5VCOMP Input to the Power Fa,iIComparator. 

VRSENSE 
Can be connected to a bypass 
capacitor for noise immunity. 

(CONTROL +) - (CONTROL -) 
18 POWER FAIL Open collector output drives low if 

5 GND Analog Signal Ground pin 17 or pin 18 are below pin 16. 

6 V RET Power supply for the retract circuit. Normally tied to pin 20. 

7 RSENSE Current sensing resistor terminal. 19 RETR OUT Open collector output pulls low to 
drive external PNP for retract if Vee 

8 PWR GNDA Ground Terminal for power is less than 3.5V and pin 20 is low. 
amplifier A. 

20 RETRACT A logic "0" input causes the main 
9 OUTPUT+ Positive Output terminal for bridge outputs to tri-state and the 

amplifier. retraction circuit to activate. This 

10 OUT+ SENSE Positive Amplifier Kelvin sense input also functions as a flag output 

terminal. Tie to OUTPUT +. and will go low in the event of an 
over-temperature condition. 

11 PWRVC +5V supply for bridge amplifier 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 1,6,11) .......................................... 7V 
Voltage Pins 2,4,18,19,20 ............................. -0.3V to +7V 

Pins 14, lS ................................................ -0.3 to +Vee 
Output Current .................................................... ±7S0mA 
Retraction Current .................................................... 80mA 
Retract set current (pin 3) ........................................... 3mA 

ELECTRICAL CHARACTERISTICS 

ML4506 
Junction Temperature ............................................... lSQoC 
Storage Temperature Range ....................... -6SoC to lS0°C 
Lead Temperature (Soldering 10 sec.) ...................... lS0°C 
Thermal Resistance (alA) 

SOIC Package (S) ............................................... SsoC!W 
SSOP Package (R) .............................................. 6SoC!W 

OPERATING' CONDITIONS 
Temperature Range ......................................... O°C to 70°C 
Supply Voltage (pins 1,11) ................................. SV ± 10% 
VRET (pin 6) ........................................................ lV to Vee 

Unless otherwise specified, TA == Operating Temperature Range, Vee == sv ± '10%, RSENSE == Hl, 
CONTROL- (pin lS) == 2.SV, RSET (pin 3) = 3.7kn, Load == 1 on. " 

PARAMETER I CONDITION MIN TYP MAX UNITS 

AMPLIFIER 

Control Common Mode Range 0..5 Vee- 1 V 

Offset ±1O mV 

Transconductance Gain pin 4 = 2V 238 250. 263 mA/V 
pin 4 = D.8V 39.6 41.7 43.8 mA/V 

Bandwidth 10.0. kHz 

Sinking saturation IOUT= lDDmA 0..5 V 
IOUT= 3DDmA 0..6 V 
IOUT= 5DDmA 0..8 V 

Sourcing saturation lOUT = lDDmA 1.1 V 
lOUT = 3DDmA 1.2 V 
lOUT = 5DDmA 1.3 V 

RETRACTION CIRCUIT VPIN20 = O.8V, VRET = 2.5V 

IRET SET 0..75 V 

Turn on time 30.0. ns 

Turn off time 8 /!s 

Sink current (lPINd VPIN12 = DAV 34 50. 150. mA 

Source Voltage (VpIN7) IpIN7 = -5DmA 0.04 0..6 0..8 V 

POWER FAIL DETECTION CIRCUIT 

Reference Voltage 1.35 1.50. 1.65 V 

Reference Source Impedance 2.25 kQ 

5V Threshold 4040. 4.575 4.75 V 
Hysteresis 3D mV 

LOGIC INPUTS 

Voltage High (VIH) 2 104 V 

Voltage low (VIL) 104 0..8 V 

Current High (lIH) VIN= 5V ±1O mA 

Current low (lILl VIN = DV, excepi pin 20. -40. -10. mA 
VIN = DV, pin 20. only -250. -160. mA 

CURRENT CONSUMPTION 

Pinl+Pinll VPIN14 = VPIN15 = 2.SV mA 

Pin 6 VPI N14 = 2.5V mA 
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ML4506 

FU,NCTIONAL DESCRIPTION 

POWER AMPLIFIER 

TheML4S06 power amplifier circuit is set up as a 
Howland Current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 4 high or low respectively), This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conductiori currents. 

The gain figure refers to tile ratio of input voltage to the 
ou~put v?ltage .seen across RSENSE. For example, at a 1/4 
gain settmg, wIth V(-) input at 2.SV and the V(+) input at 
3.SV, +SOOmAwould flow through the coil using a O.S!'! 
sense resistor. Under the same conditions with pin 4 low, 
the curr~nt wo.uld be 83mA . .The ability to change from 
low to high gam allows more complete utilization of DA:C 
resolution when in the track follow mode. 

The output stage (figlire 2) IS designed to provide minimal 
saturation losses and employs a "composite PNP" for the 
sourcing drive and a saturable NPN to sink current. 
Sourcing saturation drop is typically 6.9\1 while sinking 
saturation drop is typically OAV. 

Rl 

CONTROL+ R2 

CONTROL- R2 

R3 

R3 

Figure 1. Power Amplifier Topology. 

'SERVO 
COIL 

POWER FAIL DETECT 

TheML4S06 power fail detection circuit consists of a ' 
precision trimmed reference, resistor dividers, and a 
comp,arator with an effective hysteresis of 30mY. The 
output at pin 18 is open-collector and is normally tied to 
pin 1 which is internally pulled"up to SV. . 

, RETRACT 

The re~ract circuit features provision for very low voltage 
operation as well as voltage limiting when a "live" retract 
~ith SV on VRET is. performed. When pin 20 goes low, the 
m~ernal NPN transistor will saturate, pullirig SINK B 
(Pin 11) low. A RETR OUT signal (open collector) , 
sa,turates to drive an external PNP source transistor when 
pin 20 is low and when VRET (pin 6) is below 3.SY. This 
portion of the circuit will function with less than 1 Von, 
VRET· 

An internal voltage limited pull-up circuitis provided 
which sources current on pin 7 to the VCM. This limit is 
set by an external resistor (see fig. 7) This circuit will 
operated reliably down to a VRET voltage of around 2.Sy' 
Pin 20 (Retract input) also serves as a flag to indicate an 
over-~emperature condition on the die and goes lowwhen 
the die temperature exceeds a safe operating limit (about 
160°C). 

Figure 2. Power Output Stage. " 
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Figure 3. Output Saturation Voltage vs. Output Current. 
(Vee = PWR VC = 5V) 
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F 
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Figure 4. Output Current: 

v 

VIN = 100Hz Sine Wave, 100mAp_p 
low Gain Mode (VPIN 5 = 0), RSENSE = 0.5n, RL = 10n. 

llOk Stopped: 32 Acquisitions 
r 

200)J5 C 2 f 0 V 

Figure 5. Output Current: 
VIN = 1kHz Sine Wave, 100mAp_p 

low Gain Mode (VPIN 5 = 0), RSENSE = 0.5n, RL = 10n. 

z 
o 
~ g 
15 

fREQUENCY (kHz) 

ML4506 

Figure 6. Total Harmonic Distortion vs. Frequency. 
low Gain Setting (VPIN5 = 0), RSENSE = ln, VIN = 2.4Vp_p 
High Gain Setting (VPIN5 = 0), RSENSE = ln, VIN = 0.4Vp_p 

l\ 
1\\ 
~ , 

VRET = 2.5V 

~ 
VRET=2.0V ~ 

~ 
~ 

0.1 ~ ~ 

RSET (kQ) 

Figure 7. RSET vs. Retract Source Voltage Limit. 
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ML4506 

APPLICATIONS 

COMPENSATION 

Figure 8 shows the equivalent At circuit'for the 
transconductance amplifier. , 

"r----"':'-, 
I ,VCM 

IC IVCM 

COUT 

IS 

Cs 

Figure 8. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

The amplifier's current bandwidth is limited by COUT 
which varies with the value chosen for RSENSE 

COUT = 25nF 
RSENSE 

+5V 

XFER 15 T 
vee 

2 
ML2341 

.1~F :::: 
I 

With no snubber (RS andeS) the bandwidth is limit~d to: 

F - 1 2.414 
. -3dB -,21t L(M) CrOUT) 

Since'this is a second order systerri with L(M) and C(OUT) 
forrrii'ng a resonant circuit,. some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 

R(S) = l(VCM) 
CrOUT) 

For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of R(S) 
will result in more ringing and more bandwidth. Smaller 
values of R(S) will result in more ringing and less 
bandwidth. R(S) should not exceed 300n. 

C(S) (snubber capacitor) values of between 200nF and l/!F 
are usually necessary to acheive the desired reduction of 
ringing in the step response. At optimum value of R(S) 
larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 

Tuning the current loop response can be best done 
simulating the network in figure 8 with a computer 
simulator (such as SPICE). 

1 
Vce ~+5 PWRVC 

17 5VCOMP 
ML4506 ... FROM 

6 I MOTOR 16 WR 
VRET 

":' 16 1 'I~Fr 
REF WINDINGS 17 Cs 

.VREFOUT ~ ~ 

. MICROCONTROLLER 

=) ~ 1 
VREF IN r---< RETROUT 

19 
DBO·DB7 

.VZS 
4 15 

'CONTROL+ OUT+ SENSE C-18 GAIN 0 

19 GAIN 1 VOUT 
3 14 

CONTROL- OUTPUT+ 

5 5 
GND PWRGNDA 11-AGND 

P DlSA8LE 7 
RSENSE 

l 18 SERVO ~ 

~ 
POWER FAIL COIL ~ 

OUTPUT-
12 

RETRACT 

4 PWRGND B ~ HIGH/lOW 

RET'SET j 
RRET 

'*' 
Figure 9. Typical Application: ML4506 used with ML2341 8-bit DAC provides up to 12-bit effective resolution. 
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ORDERING INFORMATION 

PART NUMBER 

ML4506CS 
ML4506CR 

TEMPERATURE RANGE 

OCC tp 70cC 
OCC to 70cC 

J~Mif?ro Linear 

PACKAGE 

20-Pin SOIC (S20W) 
20-Pin SSOP (R20) 

ML4506 

I 
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ADVANCE INFORMATrON 

ML4508 

-'low Saturation 5V Voice Coil Servo Driver 

GENERAL DESCRIPTION 
The ML4S08 is a voice coil power driver intended for use in 
both High Performance SV Hard Disk servo systems. The 
ML4S08 contains all control circuitry necessary to drive the 
voice coils of most small drives. To maximize compliance 
voltage, the ML4S08 includes two 1 Amp NPN drivers and 
provides drivers for external PNP transistors. In addition, 
power fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the drive. 

The transconductance programmed by a logic input at 1/4 
A/V and 1/24 A/V respectively, when using a 1Q sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without compromising 
dynamic range during seek. 

The retraction circuit, main drive circuit, and control circuits 
are each powered from separate supply pins. Retract is 
self-contained and allows the use of an external PNP for SV 
systems to allow retraction with as little as 1V of back EMF 
from the spindle. 

The power fail detection circuit includes a precision 1.SV 
bandgap reference and a power fail comparator. 

BLOCK DIAGRAM 

The ML4S08 is implemented using Micro Linear's bipolar 
array technology. This allows forcustomization of the IC . 
for a user's specific application. 

FEATURES 

• Low saturation voltage «lV at 1 A.) 

• No power supply blocking diode necessary 

• No cross-over distortion with low quiescent current 

• Pin-programmable transconductance settings 

• Retraction circuitry with programmable retract voltage 
and separate power pin operates to 1V 

• On-chip precision power fail detect circuitry 

• Over-temperature protection with flag output 

• Operates from +SV suppllies 

,.. = --------- ---- -- --------------1 
.-----122 POWER FAIL I 

CONTROL+ ":" 
16r---~------------------~--~-

I 

17 CONTROL-

DISABLE (PWR DOWN) 

fO;;;.TEMP·l 
I I 
i i i . 
i...._._ .. _ .. __ J 

~------;23 ~ 
3 HIGH/LOW 

'~:' 
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PRELIMINARY 

ML451 0 

5V Sensorless Spindle Motor Controller 

GENERAL DESCRIPTION 
The ML4510 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4510 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4510 controls motor current with either a 
constant off-time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4510. Braking and Power Fail are also 
included in the ML4510. 

Since the timing of the start-up sequencing is 
determined by external circuitry, the system can be 
optimized for a wide range of motors and inertial 
loads. 

BLOCK DIAGRAM 

, 
I 
I 

VCO OUT 

REsET 
IlRAMP) LOGIC 

AND 
ENABLE EfA CONTROL 

BRAKE 

POWER FAIL 
DETECT 

BACK 
EMF 

SAMPLER 

BASE 
AND 
GATE 

DRIVES 

The ML4510 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 
• Back-EMF Commutation Provides Maximum Torque 

for Minimum "Spin-Up" Time for Spindle Motors 
• Accurate, Jitter-Free Phase Locked Motor Speed 

Feedback Output 
• Operates on Single 5V Power Supply 
• Linear or PWM Motor Current Control 
• Easy Microcontroller Interface for Optimized Start

Up Sequencing and Speed Control 
• Power Fail Detect Circuit 
• Drives External N-Channel FETs and PNP's or 

P-Channel FETs 

+5V 

VCC2 

PNPl-3 I 

PATENTED 

R(SENSE) 

L _____________________ -:: _______ ~ 

"Micro Linear 5-159 

I 



ML451 0 

PIN CONFIGURATION 

ML4510 
28-Pin sOle (S28W) 

GND I(CMDI 

PNP1 I(LlMIT) 

PNP2 BRAKE 

VCC2 25 Vee 

PNP3 PH3 

CorA 23 PH2 

OTA OUT 22 PH1 

OTA IN 21 I(RAMP) 

N1 RC 

N2 10 19 NC 

N3 11 18 ENABLE EIA 

I(SENSE) 12 17 PWR FAIL 

Cos 13 16 RESET 

CV(O 14 L, VCO OUT 

PIN DESCRIPTION 
PIN ** NAME FUNCTION PIN ** NAME FUNCTION 

GND Signal and Power Ground. 16 RESET Input which holds the VCO off 

2 PNP1 Drives the external PNP power and sets the ML4510 to the 

transistor driving motor PH1. RESET condition. 

3 PNP2 Drives the external PNP power 17 PWR FAIL A "0" output indicates 5V is 

transistor driving motor PH2. under-voltage. 

4 VCC2 5V power. 18 ENABLE E/A A "1" logic input enables the 
error amplifier and closes the 

5 PNP3 Drives the external PNP power back-EMF feedback loop. 
transistor driving motor PH3. 

19 NC No Electrical Connection. 
6 COTA Compensation capacitor for 

RC VCO loop filter components. linear motor current amplifier 20 

loop. 21 I(RAMP) Current into this pin sets the 

7 OTA OUT Output of motor current error initial acceleration rate of the 

amplifier, normally connected to VCO during start-up. 

OTA IN or to external MOSFET 22 PH1 Motor Terminal 1. 
gate. 23 PH2 Motor Terminal 2. 

8 OTA IN Driving voltage for N1-N3. 24 PH3 Motor Terminal 3. 
Normally tied to OTA OUT. 

25 VCC 5V power supply. Terminal which 
9-11 N1, N2, N3 Drives the extemal N-channel is sensed for power fail. 

MOSFETs for PH1, PH2, PH3. 
26 BRAKE A "0" activates the braking 

12 I(SENSE) Motor current sense input. circuit. 
13 Cos Timing capacitor for fixed off- 27 I(LlMIT) Sets the threshold for the PWM 

time PWM current control. comparator. 
14 Cvco Timing capacitor for VCO. 28 I(CMD) Current Command for linear 
15 VCO OUT Logic output from VCO. Current amplifier. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is riot implied. 

Supply Voltage (pins 4, 25) ................................ 7V 
Output Current (pins 2, 3, 5, 9, 10, 11) .............. ±150mA 
Logic Inputs (pins 16, 18, 26) ....................... -0.3 to 7V 
((SENSE) Voltage (pin 12) ................................ 0.9V 
Junction Temperature ................................. 150°C 
Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec) ................... 150°C 
Thermal Resistance (BIA) ..•...•.•••••••....•..•.••••• 60°ClW 

ELECTRICAL CHARACTERISTICS 

ML451 0 

OPERATING CONDITIONS 
Temperature Range ............................. O°C to + 70°C 
Vcc Voltage (pins 4, 25) ........................... 5V ± 10% 
I(RAMP) Current (pin 21) .......................... 0 to 100llA 
( Control Voltage Range (pins 27, 28) ............... OV to 3V 

Unless otherwise specified, TA = Operating Temperature Range, Vee = Vee2 = 5\1, RSENSE = 10, COlA = Cveo = .00pF, 
Cos = .02pF 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 

Frequency vs. V PIN 20 1V :S V PIN 20 :S 3.5V 670 HzlV 

Frequency Vvco = 2.5V 830 1675 2500 Hz 

Vvco = .5V 120 245 350 Hz 

Reset Voltage at Cvco Mode = 0 125 250 mV 

Sampling Amplifier 

VRC Mode 0 125 250 mV 

IRC Mode 1,' RRAMP = 39KO 16 33 50 /lA 

Mode 2A, V PH2 = O.5V 30 60 90 IlA 

Mode 2A, VpH2 = 2.5V -6 2 6 IlA 
Mode lA, VpH2 = 4.5V ,-30 -60 -90 J.IA 

Motor Current Control Section 

((SENSE) Gain VplN 27 = 5\1, OV :S VPIN 28 :S 2.SV 4 5 6 VIV 

One Shot Off Time 12 25 33 J.IS 

I(CMD) Transconductance Gain .19 mmho 

Power Fail Detection Circuit 

5V Threshold V 

Hysteresis mV 

Logic Inputs 

Voltage High (V,H) 2 V 

Voltage Low (V ,L) .8 V 

Current High (I,H) V,N '; 2.7V -10 1 10 /lA 

Current Low (I,L) Y,N = O.4V -250 -120 -60 /lA 
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ELEaRICAL CHARAcTERISTICS (Continued) 
Unless otherwise specified, TA = Operating Temperature Range, Vee = Vee2 = 5\1, RSENSE .. 10, COTA = Cveo = .00pF, 
Cos = .02PF . . . 

PARAMETER CONDITIONS MIN TYP MAX UNIl'S 

Outputs I(CMD) = I(UMIT) = 2.5V 

IpNP low 50 75 100 mA 

IpNP High Off State -100 100 pA 

VN High VPIN 8 = 0.5V 2.4 3.1 3.8 V 

VN low .2 .7 V 

Av Pin 8 to VN VPIN 8 = O.5V -3.0 -3.75 -4.5 VN 

lOGIC low lOUT = 0.5mA .4 V 

lOGIC lOUT High 5 pA 

Supply Currents (N and PNP Outputs Open) IL~T = 2.5V ICMD = OV 

Vcc Current (Pin 25) 

V ~C2 Current (Pin 4) 

FUNCTIONAL DESCRIPTION 

The ML4510 provides closed-loop commutation for 
3~phase brushless motors. To accomplish this task, a VCO, 
Integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked ,loop, locking the veo to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either. linear or constant off
time PWM modes. Braking and powerfail detection 
functions are also provided on chip. The ML451 Ois 
designed to drive external power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the veo, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 

28 40 mA 

2 5 mA 

BACK-EMF SENSING AND COMMUTATOR 

The ML451 0 contains a patented back~EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VCO) frequency. Alate 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed vee. 

.see ML4411 data sheet for applications. 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum freq~ency 
of operation (the running speed of the motor) the VCO 

+ NEUTRAL 
SIMULATOR I(RC)= Va-Vb 

8K 

VCOOUT 

5-162 

<l>A+<I>B+<I>C 
6 

Figure 1. Back EMF Sensing Block Diagram. 
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60 120 180 240 300 

Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 

control voltage will be no higher than VCCMIN - 1 V. The 
VCO maximum frequency will be: 

FMAX = 0.05 x POLES x RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fveo at Vveo = 2.5V) is: 

3.32x10-6 
KVeO(MIN) = C 

veo 

Assuming that the VVeO(MAX) = 3.2V, then 

Cveo = 3.2x3.32xlO-6 
FMAX 

or 

C 212 F 
veo POLES x RPM I! 

Figure 3 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Gm amplifier with the loop filtered 
formed by R, Cl, and Cz. 

The impedance of the loop filter is 

ZRe (s) = 1 (5+ O)LEAD) 
CIS (S+O)LAG) 

Gm = 1.25,10-4 

, , , 

:4R
: 'Cl ' , , 

, C2' , , , , 
, -' Four 4----1 VCO 

,----_":._-, 
KvcO(HZ/V) 

Figure 3. Back EMF Phase Lock Loop Components. 
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Figure 4. VCO Output Frequency vs. Vvco (Pin 20) 

Where the lead and lag frequencies are set by: 

O)LEAD =_1_ 
RCz 

C1 +C2 O)LAG =---
RC1C2 

Requiring the loop to settle in 20 PLL cycles with a spread 
of 10 between O)LEAD = lOx O)LAG produces the following 
calculations for R, C1 and Cz: 

C1 ~ 1.97x10-9 

Cveo xF~eo 

R 12.65 

CzxFveo 

START-UP SEQUENCING 

When the motor is intitially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a.velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). 

Two modes are possible for starting the motor. For the 
lowest possible starting time, the chip is held in the reset 
(mode R) state by holding pin 16 low and providing full 
current to the motor (figure 5). 

Pin Pin Pin I(LlMIl) 
Step 16 18 21 I(CMD) 

1 0 0 Fixed IMAX 

2 1 0 Fixed IMAX 

3 1 1 0 IMAX 

Figure 5. Minimum Time Start-Up Sequence. 
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ML4516 
Step 1: ThelC is held ih reset ,(mode R) with full power 
applied to the windings (see figure 7). This aligns the rotor 
to a positioJiwhich is 30° (electrical) befbre Ihe 'center of 
the firstcommutation state. , 

Step 2: A fixedcurrent is input to pin 21 and appei!,l;S as 
a currer)t oJipin 20, and wilJ accelerate the motor at a 
fixed rate. 

Step 3: When the motor speed reachesabour 100 RPM, 
the back-EMF loop can be closed by pulling pin 18 low; 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

OUTPUTS INPUT 
SWE Nl N2 N3 PNPl PNP2 PNP3 SAMPLING 

,Ro[ 0 OFF ON OFF ON' 'OFF ON N/A 

A OFF OFF ON ON OFF OFF PH2 
" 

B OFF 'OFF ON OFF ON OFF ' 'PHl 

C ON OFF OFF OFF ON OFF PH3 

D ON OFF OFF OFF OFF ON PH2 

E OFF ON OFF OFF OFF ON PHl 

F OFF ON OFF ON OFF OFF PH3 

Figure G.Commutation State Table. 

RESET,~ 

2.5V - ---------

eveD 

VCO OUT 

STATE 'I. R • I • 

, Figure 7. Start"Up Timing and Mode Sequencing. 

5-164 'Micro Linear 



SPEED CONTROL - CURRENT LOOP 

To facilitate speed control, the ML451 0 includes two 
current control loops - linear and PWM (figure B). The 
linear control loop senses the motor current on .the 
I(SENSE) terminal through RSENSE. An internal current 
sense amplifier's output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate to control current. 

The ML451 0 also includes a current mode constant off
time PWM circuit. When motor current builds to the 
threshold set on I(L1MIT) input (pin 27), a one-shot is fired 
whose timing is set by Cos. The currentin the motor will 
be controlled by the lower of pin 27 and pin 2B. 

ML4510 
OUTPUT DRIVERS 

The motor's source transistor drivers are open-collector 
NPN's with internal BKQ pull-up resistors, whose current 
is controlled according to the current demanded through 
the motor. To conserve power, the ML451 0 sets the 
current to PNP1, PNP2, and PNP3, proportional to the 
lower of pin 27 and pin 2B. 

Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 

BRAKING 

Applying a logic 0 on pin 26 activates the braking circuit. 
The brake circuit turns on PNP1 through PNP3 and turns 
off NPN1 through NPN3. 

Vea !---¥o._--_-----j 

60 

50 

40 

V , 
20 

10 

o 
o 0.01 

V+ 

I(LlMm 
27!----r---~~-~ 

I(CMD) 
281---'-4----!---, 

OTA OUT 

10 
MarOR 

Figure 8. Current Control and Output Drive. 
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Figure 9. I(LlMIT) Output Off-Time vs. Cos. Figure 10. Available PNP Drive Current vs. I(CMD) Input. 
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ML4510 

APPLICATIONS 

Figure 11 shows a typical applicatian af the ML451 0 ina 
hard disk drive spindle cantral. Although the timing 
necessary to. start the mator in most appli~atianswauld be 
generated by a microcontraller, Figure 12shaws a simple 
"ane-shat" start-up timing appraach,. 

Speed ~antrol can beaccamplished either by: 

1. Sensing the VCO OUT frequency with a 
MicfOc'ontroller and adjusting I(CMOl via an analag 
autput from the Micro (PWM OAC). 

+5V 

I Il1lFp .1J1F 

so so 

TO Vee 

470 

O.S 

Ul 

VeC2 

2. Using an,illag circuitry far speed cantrol(Figure 13). 

Q1, Q2, and Q3are MJE21 0 or equivalent. Q4;Q5, and 
Q6 are IRFU01 0 or equivalent. Base -resistars (500) are 
included to. reduce pawer dissipation in the Ie during 
start-up. If requested currents are law, these can be 
eliminated. Switching transients due to. cammutatian can 
be reduced by increasing the 4700 gate resistors an 
Q4-Q6. 

so 

470 Q6 

+s 
lK ML4S10 

1000pF 

I 
.". 
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(I(COMMAND) SK 

HUM) 27 

BRAKE 26 < BRAKE SK 

+sv -= 

I(RAMP) 21 ITJ---'III.I'Ir---l+S 

PWR FL 17 

RESET 16 

vcoaUT 15 

ENABLE ERROR AMP U 
«(FROM MICRO) 

POWER FAIL TO MICRO . 

< RESET (FROM MK;RO) -= 
.vca aur 

Figure 11. ML4510 Typical Application. 
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111 

Figure 12. Analog Start-up Circuit. 

ORDERING INFORMATION 

PART NUMBER 

Ml4S1 DCS 

TO ML4410 
PIN 16 

TO ML4410 
PIN 18 

Symbol 

Al 

Ql 

Dl, D2 

Rl 

R2 

R3 

TEMPERATURE RANGE 

O°C to +70°C 

'Micro Linear 

Ml4510 

+5V C3 

R5 
R4 

R6 ~-------l 

Value Symbol Value 

. lM3S8 R4 100KO 

74HC14 RS SOKO 

lN4148 R6 SOKO 

lMO Cl 3.3pF 

lMO C2 3.3pF 

100KO C3 .47pF 

Figure 13. Analog Speed Control. 

I 

PACKAGE 

28-Pin SOIC (S28W) 
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'Micro Linear ML4532, ML4533,ML4536 

GENERAL DESCRIPTION 
The ML4532 and ML4533 Area Detectors are designed 
to minimize the pipeline transport delay while 
accurately quantizing the area of servo bursts in high
speed embedded servo systems. Combined with the 
ML2261 or ML2264 High Speed AID Converters, the 
ML4532 and ML4533 are designed to capture back-to
back servo bursts in a 700ns or larger window. Power 
dissipation is minimized by the use of a digital power 
down pin which allows the area detector to be 
powered down between the servo sectors. The ML4536 
is the ML4533 with different reference voltage levels. 

The ML4532 includes a PWM D/A for microprocessor 
control of the actuator driver, changing the REFAGC pin 
voltage during head change, or other system control 
functions. 

FEATURES ML4532 ML4533 ML4536 

Package Options 20-Pin PeC 16'Pin 16-Pin 
or SSOP SOIC SOIC 

Zero·Scale Ref. Output Voltage 1.2SV 1.2SV 1.0V 
Full-Scale Ref. Output Voltage 3.7SV 3.7SV 3.4V 
Reference Output Voltage 2.SV 2.SV 2.2V 
PWM D/A Onboard Yes No No 

TYPICAL APPLICATION 
CAGe 

Servo Burst Area Detector 

FEATURES 
• Allows for Area Detection of 1ps back-to-back 

bursts 
• AGC amplifier for maintaining accuracy 
• 0.2% nonlinearity between 25% and 75% of input 

signal range 
• 2% nonlinearity over the input signal range 
• Provides zero- and full-scale outputs for AID 

converter 
• 5V supply, at 29mA for Ml4533/Ml4536, 35mA for 

Ml4532 
• Digitally controlled power down for minimizing 

power between sectors 
• Bandgap Reference output 
• Ml4532 includes PWM D/A for controlling voice 

coil driver or AGC during head change 
• Ml4533/Ml4536 available in 16-pin SOIC package 

Ml4532 available in 20epin pce 'or SSOP package 
• Reference outputs defining the minimum and 

maximum demodulation output values 

(SV) Vee ,---y------- -----1 

~~! 1 
1 

I I 
1 I OFL 
1 

I 
V,N DB7 

~------~----_4r_~--~ : D~ FROM] READ 

PROCES~ IN+ 

PON I VI .. -
-:-L ____ -' 1 

I 
I 
I 
I 

10J I I 
VOICE COIL D/A OUT I 

DRIVER ~_ __ _ ---L-: 
CPWM MSBpwM LSBpwM I RESET GND 

c' l GATE ZERO X 

DBS 
, DB4 

DB3 
, DB2 

DBt 
DUO 

VREF- I tNT 

iID 

5tOn 
ML2261 WR/KDY 

I ~ 
I 

I I 
I ______ L _________ : 

GND SH/fH MODE 

Typical H DO Digital Servo AppIicatiOil 
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ML4532, ML4533, ML4536 

ML4532 BLOCK DIAGRAM AND PIN CONNEOION 

CAGCHAGC 

TPACe ~-'==F~~~:j----I 

IN-

IN+ 

15) 
CPWM t lS8pWM GATE t RESET 

MS8pWM ZERO X (14) 

6(15) 

GND 

RESET 

DEMOD OUT 

CAGC 

20-Pin pee 

DIAouT REFAGC 

2.50VREF \1.25VREFI lSBpWM 

3.7SVREF 

PDN 

MSBpWM 

GND 

GATE ZERO X 

1.25VREF 
DIAouT 

2.S0VREF 
CPWM 
RESET 

DEMOD OUT 
CAGC 
GATE 

TPAGC 
HAGC 

9 10 11 12 

TPAGC I IN- VCC 

HAeC IN+ 

TOP VIEW 

20-Pin SSOP 

REFAGC 
LSBpWM 
3.75VREF 
PDN 
MSBpWM 
GND 
ZERO X 
VCC 
IN+ 
IN-

ML4533/ML4536 BLOCK DIAGRAM AND PIN CONNEOION 

CAGe HAGC 

IN-

IN+ 

PDN 

Ml45331Ml4536 

3.75VREFI3.4VREF 
VREF+ 

~::::;i=::::;~ ~!~:~~i·2VREF 
~----""'O DEMOD 

(6) (3) 

GATE RESET 

ZERO X (12) 

~13) 
GND 

OUT 

(1) 1.25VREFll.0VREF 

VREF-

16-Pin sOle (ML4533) 

1.25VREF REFAGC 

2.S0VREf 3.75VREF 

RESET PDN 

DEMOD OUT GND 

CAGC ZERO X 

GATE VCC 
TPAGC IN+ 

HAGC IN-

TOP VIEW 

16-Pin sOle (ML4536) 

1.0VREF 

2.2VREF 

RESET 

DEMOD OUT 

CAGC 

GATE 

HAGC 

TPAGC 

TOP VIEW 

REFAGC 
3.4VREF 

PDN 

GND 

ZERO X 

VCC 

IN+ 

IN-
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ML4532, ML4533,ML4536 

PIN DESCRIPTION 

ML45331 
ML4532 ML4536 
PIN # PIN # NAME DESCRIPTION 

1.25VREFI Zero scale reference 
1.00VREF output. 

2 D/AouT Analog output of PWM 
D/A. 

3 2 2.50VREF 2.50 voltage reference 
2.20VREF output. 

4 CPWM PWM D/A smoothing 
capacitor. 

5 3 RESET Reset, active high. 

6 4 DEMOD Area detector output. 
OUT 

7 5 CAGC AGC capacitor. 

8 6 GATE Defines area detect 
window, active high. 

9 7 TPAGC Output test point for 
AGe. 

10 8 HAGC AGC hold input, AGC 
active when high; AGC 
constant when low. 

ABSOLUTE MAXIMUM RATINGS 
(Note 1) 

Power Supply Voltage, Vee ............................... BV 
Input Voltage ................................... -O.3V to +BV 
Storage Temperature .. ,................... .-65°C to +150°C 
Package Dissipation at T A = 25°C (Board Mount) 

20-Pin PCC ....................................... B75mW 
20-Pin SSOP ...................................... 750mW 
16-Pin SOIC ....................................... 750mW 

Package Lead Temperature 
Soldering (10 sec) ................................... 260°C 
Vapor Phase (60 sec) ................................ 215°C 
Infrared (15 sec) ..................................... 220°C 

ML45331 
ML4532 ML4536 
PIN # PIN # NAME DESCRIPTION 

11 9 IN- Negative input. 

12 10 IN+ Positive input. 

13 11 Vcc 5V power supply. 

14 12 ZERO X Zero detector crossing 
output. 

15 13 GND Ground. 

16 MSBpWM PWM D/A most significant 
bit input. 

17 14 PON Power down control, 
reduces power if logic 
high. 

18 15 3.75VREF Fu II scale reference 
3.40VREF output. 

19 lSBpWM PWM D/A least significant 
bit input. 

20 16 REFAGC AGC voltage reference. 

OPERATING CONDITIONS 
Temperature Range ............................... 0 to +70°C 
Supply Voltage (Veel ............................... 5V ± 5% 
(lIN+) - (lINJ ........................................... 1Vp_p 

CAGe .................................................. 100pF 
REF AGe ................................................. 2.5V 
CPWM ................................................... 00JlF 
CH at DEMOD OUT ................................... 100pF 
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ELEaRICAL CHARAaERISTICS 
The following specifications apply over the recommended operating conditions of T A = 0 to +70°C, Vee = 4.75 to 
5.25V, and external component values as recommended above, unless otherwise specified. 

PARAMETER CONDITIONS UNITS 

DEMODULATOR 

Differential Input Range 3 For Full Scale Output .25 2 Vp_p 

Differential AGC Range 3 0.8 1.5 VN 

Differential Input Resistance 4 kO 

Differential Input Capacitance 5 pF 

Common Mode Input Resistance 2 kO 

Power Supply RR 40 dB 

Differential Nonlinearity 5,3 25% to 75% of Full Scale .2 2 % 
5,4 Zero to Full Scale 2 5 % 

DEMOD OUT Offset Current VIN = ±500mV 20 IlA 

Maximum DEMOD OUT Charge Current 3 GATE = High 500 IlA 

DEMOD OUT Leakage Current 3 GATE = Low +5 IlA 
DEMOD OUT Reset Voltage (ML4532/33) 1.15 1.25 1.35 V 

(ML4536) 0.9 1.0 1.1 V 

DEMOD OUT Reset Current Discharge, RESET = High 2.0 mA 

AUTOMMIC GAIN CONTROL 

AGC Dynamic Range 3 2.5 'liN 

AGC Output Swing 3 1 V 

CAGC Charging Current 3 150 250 IlA 

CAGC Discharging Current 3 150 250 IlA 

CAGC Leakage Current 3 5 IlA 
VOLTAGE REFERENCES 

1.25VREF Output Voltage (ML4532/33) ·3 TA = 25°C 1.20 1.25 1.30 V 

3.75VREF Output Voltage (ML4532/33) 3 TA = 25°C 3.60 3.75 3.90 V 

2.50VREF Output Voltage (ML4532/33) 3 TA = 25°C 2.40 2.50 2.60 V 

1.0VREF Output Voltage (ML4536) 3 TA = 25°C 0.95 1.0 1.05 V 

3.4VREF Output Voltage (ML4536) 3 TA = 25°C 3.2 3.4 3.6 V 

2.2VREF Output Voltage (ML4536) 3 TA = 25°C 2.05 2.2 2.35 V 

Load Regulation 3 OmA ~ lOUT ~ SmA -5 +5 mV/mA 

Line Regulation -30 +30 mVN 

DIGITAL AND DC 
... 

Logical "0" Input Voltage 3 .8 V 

Logical "1" Input Voltage 3 2.0 V 

Logical "0" Input Current 3 VIN = 0.4V ~ 1.5 mA 

Logical "1" Input Current 3 VIN = 2.5V +100 IlA 
L<>gical "0" Output Voltilge 3 ZERO X, lOUT = 1 mA .5 V 

Logical "1" Output Voltage 3 IOLlT = -1mA 3.0 V 

Supply Current ML4532 3 PON = Low 45 mA 
3 PON = High 11 15 mA 

ML4533/ML4536 3 PON = low 38 mA 
3 Pn" = High 5 12 mA 

Monotonicity 4 9 10 Bits 

lSB to MSB Ratio 3 16.0 16.5 18.0 VN 
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ELECTRICAL CHARACTERISTICS (Continued) 
The following specifications :apply over the recommended.oper-ating conditions of TA ;. Oto +70·C, Vee = 4.75. to 
S.2SV, and external componentvidues as recommended above, unless otherwise specified. 

PARAMETER . CONDITIONS UNITS 

D/A CONVERTER (ML4532 only) 

Output Voltage Swing 3 RL = 5K 1.25 3.75 V 

logical "Q" Input Voltage 3 .8 V 

logiCal "1" Input Voltage 3 2.0 ·:c.: V 

logical "0" ·Input Current 3 VIL = .4V ~1 rnA 

logical "1" Input Current 3 VIH = 2.5V 300 pA 

DYNAMIC AND ftC. PARAMETERS (Figures 1 and 2) 

fs- Burst Inpur Frequency 4 1 10 MHz 

tGs. Gate Edge Setup Prior to 4,6. 30 ns 
Burst I Zero Crossing 

tRESET, Reset Pulse Width 4,6 CH :::; 200pF 300 .. ns 

tBzx, Burst Zero Crossing to 4,6 CL = 50pF 25 ns· 
ZERO X Output 

tpc;. Power Down I to Gate I 4,5 200 400 ns 

Note 1: Absolute Maximum Ratings are limits beyond. which the life ofihe integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with resped to ground. . 

Note 2: Typicals are parametric norm at 25°C. 
Note 3: Parameter guaranteed and 100% production tested. 
Note 4: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 5: Linearity measured as a percentage of the midpoint between 25% to 75% of full scale. 
Note 6:. Timing measured at 1.4V. 

---, I _,--.,_1, . ........, I I' RESET _ _ L-I--__ + ___ ...;--.;...J •.. r-T RESET ·1' ,yl ______ ---'l" 1---+' I ... AREA/INTEGRATE .. I ~AREA/INTEGRATE_I 
AREA I I A I I' B. .1 

'INTEGRATEI I I 

I AGC .A------,. I . DEMOD l.75V-/lAV
OUT 2.5OV-/2.2VC 

1.25V-/l.OV- . ___ "' 

. VOLTAGE 
I\f 

CAGC --------=~-- -- - ---

Figure 1. AGe Burst Timing 
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t+--BURSTA~ ~BURSTB--

ZEROX 

GATE 

RESET 

DEMOD 3.75V/3.4V 

OUT ~:~~;~:~ 

Figure 2. Burst Area Detect liming 

TYPICAL PERFORMANCE CURVES 
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ML4532,ML4533, ML4536 

1.0 FUNalONAl DESCRIPTION 
The Ml4532, Ml4533 and Ml4536 are composed of an 
AGC amplifier, an area detector, and a band.gap 
reference with three buffered Olltputs. In addition the 
Ml4532 (see Figure 5) includes a pulse width ' 
modulation D/A. The Ml4536 is essentially,the Ml4533 
with a different set of reference voltages. 

1.1 INPUT ,AMPLIFIER AND AUTOMATIC GAIN CONTROL 

The inputs of the Ml4532, Ml45~3 and Ml4536 are 
intended for use at the output of the read channel 
filter, accepting a 0.25Vp_p to 2Vp_p signal range. The 
input amplifier and AGC circuit of these area detectors 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
purpose of the AGC loop is to maintain a constant area 
detect value that correlates to the zero scale 
(1.25VREF/1.0VREF) and full scale (3.75VREF/3.4VREF) output 
values based upon the minimum and maximum burst 
value. The sensing for the AGC is at the output of the 
area detector, allowing signal ranging based on the area 
of burst rather than the signal level of the burst. The 
AGC is intended to be updated at every sector of servo 
position bursts such that the signal variances due to 
platter radius and differences in read channel data 
frequencies can be corrected. The initial gain of the 
AGC circuit is established by the voltage applied to the 
REFAGC input. 

In this closed-loop system, the area detected output 
voltage is fed back a"d compared with the REF AGC 
voltage in the GM amplifier with a GM of 1/4000 ohms, 
to provide a gain control current, charging and 
discharging CAGC. ' 

The AGC value is held constant by the hold function , 
and is controlled by HAGC pin. When HAGC is at a logic 
high the level of gain can change up or down and is 
held at a constant gain with a logic low input. 

A capacitor from ground to the CAGC pin holds the 
gain setting when HAGC is at a logic low level and the 
area detector output does not affect the gain setting in 
this mode. See figure.1 for the AGe burst timing. 

1.2 AREA DETECTOR " 

The area detector provides a measurement of servo 
burst area during a time window beginning at the first 
falling zero crossing edge after the GATE input is placed 
in a logic high state and ends at the first falling zero 
crossing edge after the GATE input is placed in a logic 
low state. The Zero qossing output enables the user to 
time the gate pulse by counting zero crossings. The 
analog input should be without open baseline by either 
keeping burst pulse 'spacing sufficiently close to avoid it 
or band limiting the signal. In most cases, both are 
necessary. 

a. May clock anywhere and give multiple transitions, 
not acceptable. 

b. Proper spacing. 

c. Band limiting. 

The value of the area measurement is held on the 
output hold capacitor (CH) until the R~SET line is . 
asserted. The RESET pin when placed in a, logic high 
state for at least 300"s resets, the area detector output 
to 1.25V which is the"zero scale reference point and 
equals the voltage value 01) the 1.25VREF pin. See 
Figure 2 for position area burst detection timing. 

ZERO X Detector Output 

The output of the zero crossing detector (comparator) 
is provided for system synchronization. This signal is 
internally generated in ECl, but an internal ECl to TTL 
converter is provided to simplify external interfacing to 
this signal. 

1;3 BANDGAP REFERENCE 

A 2.5V bandgap reference is included on theMl4532 
and Ml4533 and a 2.2V one in the Ml4536,to set up, 
internal biasing and establish the on·trac~ reference 
level. This is also a buffered output. Full·scale (VREF+) 
and zero scale (VREFJ outputs are derived and buffered 

, from the bandgap to simplify the interface to AID 
converters, such as the Ml2261 or Ml2264. The 1.25VREF 
pin is tied directly to the VREF- pin of the AID 
converter and with a 5100 resistor to ground. The 
3.75VREF pin is tied directly to the VREF+. pin of the high 
speed AID converter. The Ml4536 offers a 1.0VREF and 
3.4VREF for interface with the ND converter on the 
Zilog type microcontroller devices. 
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1.4 PWM D/A OF THE ML4532 

A D/A is included on the ML4532 for driving the VCM 
driver to position the head or for any other desired 
system error compensation, such as processor- .. 
controlled AGC set point during head change. ThiS IS a 
PWM D/A and requires a pulse width modulation logic 
signal from the microcontroller signal to be applied to 
the MSBpWM and lSBpwM pins. The buffered and 
filtered output appears at the (D/A OUT) pin. This . 
output voltage swing is centered around the 2.5YREF pm 
(2.5V). The end-points of the D/A output are defined by: 

PWM DAC Output Description: 

Duty Cycle at Voltage 
Range Point MSBpwM LSBpwM Output 

"Negative" Full-Scale: 0% 0% 1.094V 
0% 100% 1~250V 

100% 0% 3.594V 
"Positive" Full Scale: 100% 100% 3.750V 

-DEMOD SIGNAL 

+DEMOD SIGNAL 
~TEo-------------------+-r---, 

IN+ 0-----~-1 

2.3V 

IN- O-------i 

HAGC 0-------..., 

CAGCo-------;---~ 

J.. 
f D/A CONVERfER 

MSBpwM 0-----__,_-1 PULSE 
WIDTH 

MODUlATION 
lSBpWM o------i lOGIC 

POND-- CPWM ~ 

ZERO 
CROSSING 
DETECTOR 

ML4532, ML4533, ML4536 

The D/A is designed for 8-bit binary coding with the 
MSB weighted 16 times the lSB. The MSBpWM and 
lSBpWM inputs are negative true in that if these inputs 
are in a low state for 100% of the time the D/A output 
will be 1.094 volts and if are held in a high state for 
100% of the time the output will be at 3.75 volts. The 
D/A output voltage is 1.25 volts if the MSBpWM input 
pulse wiqth has a 1/16 or 6.25% positive ?uty cycle and 
the lSBpWM is in a constant low state or If t~e MS~PWM 
input is held in a low state and the lSBpWM mput I~ 
held in a high state. The output voltage range that IS 
controlled by the MSBpWM input is 2.5 volts and the 
lSBpwM input controls 156mY. The time constant for 
the PWM smoothing filter is approximately 3kn x " 
CPWM. The external capacitor (CpwM)shoul.d be made 
sufficiently large to smooth out the PWM ripple. 
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Figure 5. ML4532 Functional Block Diagram 
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ML453~, ~"4'?;J3, ML453.6 
'" , ", 

ORDERING INFORMATION 

PART NUMBER TEMP. RANGE PACKAGE 
.' Ml4532CQ., ' O°C to +70°C MOlDED PCC (Q20) 

Ml4532CR O°C to +70°C MOLDED SSOP (R20) 

Ml4533CS ' O°C to +7!i<'C MOlDED SOIC (516) 
Ml4536CS o°c to +70°C MOlDED SOIC (516) 
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PRELIMINARY 

ML4534 

Area Detector Based 
Embedded Servo Demodulator 

GENERAL DESCRIPTION 
The ML4534 Embedded Servo Demodulator IC is 
designed for use in the hybrid data surface channel of an 
high-performance disk drive. Hybrid data are interleaved 
on the data surface with data records and encoded in NB 
differential burst format, with a AGC field preceding the 
burst information. The AGC field is used by the read 
channel to set AGC gain levels in the burst area, which 
once established are held fixed for the duration of the 
servo burst. The demodulator measures burst amplitude 
using an area detection scheme, for improved noise 
immunity and provides both (A-B) and (A+B), to permit 
position error normalization with on-chip synchronization 
and reset functions. Using the SEL and CARR inputs the 
on-chip multiplexer allows selection of either (A-B) or 
(A+B) as the output. The multiplexer and area detection 
capacitors operate in concert to provide a hold capability 
for both the (A-B) and (A+B) outputs. Also included is an 
uncommitted operational amplifier which could be used 
for voice-coil motor current sensing. 

BLOCK DIAGRAM 

OPINN. OPINP 
16 

VREF 
5 

VAGC --+----, 

FEATURES 

• Allows for Area Detection of back-to-back bursts 

• 2% nonlinearity over input signal range 

• Reset forces voltage on the Area Detecting capacitors 
CADD to VREF & CADS to VREF/2 . 

• Separate Reset provided for Resync Flip-Flop 

• Muxed/Selectable (A-B) & (A+B) demodulator output 

• General purpose operational amplifier, applicable for 
use in voice coil motor current sensing 

• 5V supply, 20-pin, J-Ieaded, PLCC package 
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ML4534 

PIN CONNECTION .. 
~ 
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15 .... co >< 
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PIN DESCRIPTION 

PIN PIN 
NO. NAME FliNCTION NO. NAME FUNCTION 

VAGC Gain Control input on the VGA 12 (Cont.) area detector integrates the 13 burst in 

2 VAGCTP Test point 'connected through an 
a direction opposite to that in which 
the A burst is integrated, thus realizing 

isolation resistor to the output of the the (A-B) differencing operation. 
VGA Carrier polarity inthe (A+B) Area 

3 RESET Asserting this input pin resets the area Detector is not affected by the state of 
detector (DIFF) to VREF (+2.5V) and the CARR pin. CARR pin in 
the area detector (SUM) to VREF/2 conjunction with the SEL pin, selects 

4 HYBOUT Output of the multiplexing amplifier, 
the mqltiplexer output 

with VREF, (A-B) or (A+B)'area detector 13 ZEROX This is the output of the Carrier 
output, depending on the state of the Comparator. +ZEROX is a nominally, 
SEL & CARR pins. square wave having transitIons ' 

5 VREF +2.5V reference voltage input. 
c<?inciding with zero crossings of the 
output VGA. 

8 CHSUM ; the (A+!3) area detector integrating 14 GATE Asserting this line enables the (A+B) 
capacitor, is connected between this and (A-B) area detectors to measure 
pin and the ground. area of the output signal of the VGA. 

7 Vee +5 Volt supply This signal is re-synchronized to the 

6 CHDIFF The(A-B) area detector integrating 
area detector carrier internally before 

capacitor is connected between this 
application to the area detectors. 

pin and the ground. 15 OPOUT Optional operational amplifier (short 

9 GND Ground 
circuit protected) output. ' 

16 OPINN Optional operational amplifier 
10 RESETFF Active high signal resets the resynch inverting input. 

flip-flop 
17 OPINP Optional operational amplifier non-

11 SEL This pin in conjunction with the CARR inverting input. 
pin, governs the multiplexer channel 
selection as follows: 18 GND Ground 
SEL CARR MuxChannel 19 VGAINP VGA non-inverting input. Inputs 
0 X· VREF should be AC coupled 
1 0 (A-B) 
1 1 (A+B) 20 VGAINN VGA inverting input. Inputs should be 

12 CARR Asserting this pin high inverts the 
AC coupled 

carrier input of the (A-B) area detector; NOTE: The value of the CHSUM capacitor should be 
CARR should be asserted throughout roughly twice that of the CHDIFF capacitor. It is also 
the B burst of the NB burst pair. While advisable to include a small resistor in series with the 
the CARR pin is asserted, the (A-B) capacitor on the CHSUM pin and also the CHDIFFpin, to 

improve settling time. 
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ML4534 

ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage (Vecl ......................... --0.3 to + 7 VDC 

RECOMMENDED OPERATING 
CONDITIONS 

Storage Temperature (TsTcl ......................... -65 to + 150°C 
Package Dissipation 

DC Supply Voltage Range (Vecl .................... 5± 5% VDC 

T A = 25°C (Board Mount) .................................. 875mW 
Temperature Range ........................................... 0 to +70°C 

Package Lead Temperature: 
Operating Junction Temperature (TJ) ........... +25 to + 125°C 

Soldering (10 sec) ................................................ 260°C 
Vapor Phase (60 sec) ............................................ 215°C 
Infrared (15 sec) ................................................... 220°C 

ELECTRICAL CHARCTERISTICS 
The following specifications apply over the recommended oper~ting conditions of TA = 0 to +70°C, Vee = 4.75 to 5.25V, 
and external component values as recommended, unless otherwise stated. 

PARAMETER CONDITIONS MIN TYP MAX UNIT 

Icc VAGC= 4.0V, VREF = 2.5V 20 40 60 mA 

IVREF VREF = 2.5 V -50 25 200 IlA 
GATE, CARR, SEL, For all signals in test program VIH 2.0 V 
RESET, RESETFF VIL 0.8 V 

GATE, CARR, SEL, For VIH = 2AV IIH -250 -10 I1A 
RESET, RESETFF and VIL = 0.8V IlL -400 40 IlA 
VGAINPDC (VINP) VGAINP, VGAINN open 2.3 2.5 2.7 V 

VGAINNDC (VINN) VGAINP, VGAINN open 2.3 2.5 2.7 V 

VOH ZEROX . VGAINP = 3.5, IOH = -OAmA 
VGAINN = 1.5V 2.7 5.0 V 

VOl ZEROX VGAINN = 3.5, IOL = 2.0mA 
VGAINP = 1.5V 0 0.5 V 

OPERATIONAL AMPLIFIER USED FOR MOTOR CURRENT SENSING 

I BIAS Offset OPINN = OPINP = 1.0V -200 200 nA 

Vos - MCS Av = 2:0, VIN = 0 -15 +15 mV 

VoH - MCS Av = 2.0, VIN =-1.0, ISRC = -1.5mA 3.8 5.0 V 

VOl-MCS Av = 2.0, VIN =1.0, ISINK= 1.5mA 0 1.0 V 

ISINK -MCS Open loop, OPINP = O.OV 
OPINN = 1.0, OPOUT = VCC 1.5 10 mV 

IBIAS- MCS OPINN = 1.0, OPINP = 1.0 
(lOPINN + IOPINP)/2 -2.0 0.0 IlA 

Amplifier Settling Time (tSMCS) ROUT = 6040., COUl = 36pF 004 1.0 I1S 

Amplifier Bandwidth 4 8 MHz 

Amplifier Gain (Av) Open Loop 58 63 dB 

AGC 

Av-VGAMIN Minimum Gain of AGC with 
400mV input 0 1.1 VN 

Av-VGAMAX Maximum Gain of AGC with 
100mV input 6.6 20 VN 

VAGCBIAS VAGC= 1.0 0 200 IlA 
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ML4534 

ELECTRICALCHARCTERlsncs (Continued) 
PARAMETER ''''CONDITIONS MIN TYP MAX I,~ UNIT 

RESET CIRCUITRY 

I RESET SUM, DIFF . RESET = VIH 80 400 iJA 

IOFF SUM, DIFF RESET = VIL -10 10 riA 

VCH SUM RESET = VIH 1.245 1.260 1.275 V 

VCH DIFF RESET = VIH 2.490 2.5 2.510 V 

I SUM, DIFF UNBAL GATE = VIH, CLOCK, lV swing VAGC 
lX, Measure Current with VGAINP = 
VINP + 0.2 and VGAINN = 

,VINN - 0.2, then do VGAINP ., 
, VINP - 0;2 and VGAINN = 
VINN + 0.2, Subtract -40 40 iJA 

I DIFF UNBALXOR CARR = VIH -40 +40 IlA 

I PEAK SUM VGAINP = VINP + 1.0 

VAGC:, 1.0 -540 -400 -265 iJA 

I PEAK DIFF P VGAINP = VINP + 1.0 
VGAINN = VINN - 1.0 
VAGC = 1.0{ CARR =VIL -540 -400 -265 iJA 

I PEAK DIFF ON VGAINP = VINP + 1.0 
VGAINN =VINN - fo 
VAGC = 1.0, CARR = VIH 265 400 540 iJA 

VOH SUM VGAINP = VINP + 1.0 
VGAINN = VINN -1.0 3.9 5.0 V 

VOH DIFF VGAINP = VINP + 1.0 
VGAINN = VINN - 1.0 
CARR = \IlL 3.9 5.0 V 

VOL DlfF VGAINP = VINP + 1.0 
VGAINN = VINN - 1.0 
CARR = VIH 0.0 1.0 V 

IGATE GATE = VIH; CLOCK, 
VAGC lX,VSWING '" 1.0 -10 T'O nA 

IRESETFF RESETFF = VIH -10 10 nA 

5-182 



ML4534 

ELECTRICAL CHARCTERISTICS (Continued) 
PARAMETER I CONDITIONS MIN TYP MAX UNIT 

MUX AMPLIFIER 

VHYBOUT CARR = Vll, SEl = V1l 2.4 2.6 V 

VOS MUX SUM CARR = SEl = V1H, 
CHSUM = 2.5 ~8 8 mV 

VOS MUX DIFF CARR = Vll, SEl = VIH, 
CHDIFF = 2.5 -8 8 mV 

IBIASSUM CARR = SEL = VIH, 
CHSUM = 2.5 0 300 nA 

IBIASDIFF CARR = Vll, SEl = V1H, 
CHSUM = 2.5 0 300 nA 

VOHMUX CARR = SEl = VIH 
CHSUM = 3.95, ISRC = 1.5mA 3.8 5.0 V 

VOlMUX CARR = V1l,SEl = V1H 
CHDIFF = 0.95, ISINK = 1.5rriA 0 1.0 V 

ISINKMUX CARR = Vll, CHDIFF = 0.95 
SEl = V1H, VHYBOUT = VCC 1.5 10 rnA 

Amplifier settling time (tSMUX) ROUT = 6040, COUT = 36pF 0.4 1 ~s 

IlEAKAGE 10 nA 

linearity o to 1 VINPUT, with VAGC such 
that Av VAGC = 1.0 ~5 5 %F.5 
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FUNCTIONAL DESCRIPTION 

The ML4534, +5V.iCmbedded Servo Demodulator IC i~ 
de~igned for u~e in the hybrid data ~urface channel of an 
high-performance di~k drive. Hybrid data are interleaved 
on the data ~urface with data recprd~ and encoded in NB 
differential bur~t format, with an AGC field preceding the 
burst information. The AGC field is used by'theread 
channel to setAGC gain levels ,in the burst area/which 
once established are held fixed for the duration of the 
servo burst. The demodulator measures burst amplhude 
using an area detection scheme, for improved noise 
immunity and provides both (A-B) and (A+B), to permit 
position error normalization. Using the SEL,and CARR 
inputs, the on-chip multiplexer allows selection of either 
(A-B) or (A+B) on the output. The multiplexer and area 
detection capaCitors operate in concert to provide a hold 
capability for both the (A-B) and (A+B) outputs. The area 
detectors are designed to minimize the pipeline transport 
delay while accurately quantizing the area of servo bursts 
in high speed hybrid servo systems. The major functional 
blocks of the ML4534 are briefly discussed below. 

VARIABLE GAIN AMPLIFIER 

Hybrid servo burst data from the disk read channel are 
capacitively coupled into the VGA through the differential 
input pins (VGAINP,VGAINN). VC,A gain is controlled by 
the voltage on the VAGC pin, and the gain is varied in 
order to secure constant area of the output signal and 
counteract the amplitude regulating operation of the read 
channel AGC loop. 

VGABUF COMPARATOR 

The VGABUF comparator detects zero crossings of the 
composite signal delivered by the VGA. The output of this 
comparator controls the synchronous rectification of the 
composite VGA output, in the area detectors. 

The comparator output is provided at a TTL level on the 
ZEROX pin. Control I.ogic in the servo channel employs 
the ZEROX signal to produce an area detector enabling 
gate, which spans a fixed number of cycles of the 
composite signal. 

AREA DETECTORS (SUM AND DIFf) 

The area detectors detect A and B burst levels by area 
detection. Two area detectors are provided - one to 
measure the sum of A and B bursts (A+B), and a second 
one to measure the difference (A-B). Each area detector is 
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implemented as a gated current- output synthrdnoLis 
rectifier driving an external charge accumulating' 
integrating capacitor. Area detection occurs only while the 
area detecto~is enabled under control of the GATE pin. 
When the aetedor is disabled, the integrating caPiOlcitor. is 
effectively floated. An on-chip binary (FF) re-synchronizes 
the gating signal to remove any phase shifts due to logic 
delays in the external gate control logic. Initial conditions 
on the integrating capacitors are established prior to an 
are,a detecting operation by a reset circuit controHedby 
the RESET pin. A reset operation forces the voltage on the 
area detecting' capacitors to equal the 2.5 volts applied on 
the VREfPin. Determination of the burst difference (A-B) 
is accomplished under control of the CARR pin, by 

'inverting the phase of the carrier input to the second area 
detector, while the burst B is being detected. The inversion 
is performed by an XOR gate. Accordingly (A-B) is bipolar 
relative to VREf, while (A+B) is unipolar. 

MULTIPLEXER AMPLIFIER 

'fhe multiplexer amplifier drives the HYBQUT pin and 
allows sequential interrogation of the, (A-B) and (A+B) 
measurements, the results of which are stored.onthe 
external integrating capacitors. The amplifier is 
implemented as two independently selectable input 
stages, driving a common output structure, to for.m a 
voltage follower. To minimize the droop of the (A-B) and 
the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the HYBOUT pin. The SEL and CARR pins 
govern multiplexer channel selection through a decoding 
network. 

Figure 1 shows a typical hybrid servo system application 
diagram for the ML4534 and also illustrates waveforms 
characteristic of a hybrid demodulator in a typical 
application. 

OPERATIONAL AMPLIFIER 
USED FOR MOTOR CURRENT SENSE 

This general purpose operational amplifier is intended for 
use as a differential to single-ended convertor and level 
shi,ft stage. It performs voice coil motor current sensing by 
monitoring the voltage developed differentially across 
current sense resistors, on the ground side of the voice 
coil power driver bridge. 
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Figure 1. A Typical Servo System Application with the ML4534. 
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Figure 2. Illustrative Waveforms 

ORDERING INFORMATION 

PART NUMBER TEMPERATURE RANGE PACKAGE 

ML4534CQ 20-Pin Molded PLCC (Q20) 

'Micro Linear 

ML4534 
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ADVANCED INFORMATION 

ML4535 

Area Detection Based Hybrid Servo' Demodulator 
GENERAL DESCRIPTION 

The ML4535 is a bipolar monolithiL hybrid servo circuit 
that provides area measurement demodulation of both the 
continuous .servo surface ( dedicated servo) and the 
sectored servo data (embedded servo) information in a 
high performance "hybrid servo" based disk drive. It 
operates on a single +5V supply and is intended to 
interface to a moderate speed, successive approximation 
ADC, with multiplexed inputs and sample and hQlds, like 
the ML2377 family. 

The area detectors are designed to minimize the pipeline 
transport delay while accurately quantizing the area of 
servo bursts in high speed servo systems. The data surface 
(embedded) servo demodulator section of the ML4535 
consists of Sum and Difference area detectors along with 
an AGC control loop, so that the amplitude control 
function is selfcontained on the chip. The continuous 
(dedicated) servo demodulator section of the ML4535 
consists of a variable gain amplifier, variable frequency 
oscillator and four synchronous detectors. 

The ML4535 provides a high level of integration for 
designing the complex Hybrid Servo systems becoming 
popular in disk drives requiring very high bit and track 
densities. 

BLOCK DIAGRAM 
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FEATURES 

• Allows for area detection of back-to-back bursts 

.• 2% non-linearity over the input signal range 

• Single +5 volt operation 

• Internal 2.5V bandgap reference with reference output 

• Seperate AGC control loop for data surface and servo 
surface demodulator sections. 

• Data surface amplitude control self contained on chip 

• Data surface demodulator has muxed/selectable (A-B) 
and (A+B) outputs. 

• Four synchronous area detectors onboard for 
implementing the continuous servo demodulator. 

• Available in 32-pin PLCC package 

• Future availability in 32-pin TQFP package. 
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PIN CONNECTION 
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PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# . NAME FUNCTION 

29 DCRCAP DC Restore capacitor input 13 MUXSEl This pin in conjunction with the 

30 DSINP Differential input to AGC from 
MUXEN pin governs the multiplexer 
channel selection as follows: 

31 DSINN Continuous (dedicated) servo' 
MUXSEl MUXEN MUX CHANNEL surface. Inputs must be AC coupled' 

0 X VREF 
8 SELDET Select signal for synchronous 1 0 Difference(A-B) 

detectors 1 or 2 1 1 Sum (A+B) 

2 ClK3 Clock for Area Detectors 1 & 2 14 MUXEN Asserting this pin inverts the carrier 

7 ClK1 Clock for Area Detector 3 input of the Difference (A-B) area 
detector. MUXEN should be 

ClK2 Clock for Area Detector 4 asserted throughout the B burst of 

4 RT Pins to connect a resistor/capacitor 
the NB burst pair. While this pin is 
asserted, the Difference (A-B) area 

5 CT network for setting the center detector integrates the B burst in a 
frequency of the internal VCO; R direction opposite to that in which 
from RT to CT, C froni CT to Vee A is integrated, thus realizing the 

6 VCOOUT vco clock output (A-B) operation. Carrier polarity in 

3 VCOIN Pin for connecting the loop filter for 
the (A+B) area detector is not 
affected by the state of the MUXEN 

the Pll pin. This pin along with the 
32 SYNC Servo frame sync signal output MUXSEl pin, also selects the 

28 DSSUM Pin for connecting the filter for the 
multiplexer output. 

AGC loop 12 ZEROX This is the output of the carrier 

27 DSDIFF2 Area Detector #2 (C,D) or the Q 
comparator, nominally a square 
wave having transitions coinciding 

output with zero crossings of the VGA 

23 VREF 2.5V Bandgap reference output output. 

26 DSDIFF1 Area Detector #1 (A,B) or the N 11 GATE Asserting this pin defines the (A+B) 

output and (A-B) area detect windows, to 
measure the area under the curve of 

19 VAGCTP Test point connected through an the VGA output. This signal is 
isolation resistor to the output of the resynchronized to the area detector 
VGA carrier internally before application 

16 VAGCCAP AGC loop Filter/Hold Capacitor to the area detectors. 

20 AGCEN AGC enable pin, defines area detect 25 MUXOUT Output of the multiplexer with (A-B) 

window or (A+B) output 

15 VAGCREF AGC voltage reference 21 RDSUM The (A+ B) area detector i ntegrati ng 
capacitor is connected here. 

18 RDINP Differential input to VGA from Data 
RDDIFF The (A-B) area detector integrating 17 RDINN surface (embedded servo). Inputs 22 

must be AC coupled. capacitor is connected here. 

10 RESET Asserting this input pin resets the 24 GND Ground pin 

Area Detector (DIFF) to VREF 9 VCC + 5V supply 
(+2.5V) and the Area Detector 
(SUM) to VREF/2 

5-188 'Micro. Linear 



ML4535 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
DC Supply Voltage (VCC) ......................... -0~3 to +7 VDC DC Supply Voltag~ (VCC) ........................... 5+/-1 0% VDC 
Package Dimension, TA = 25°C Temperature Range ........................................... 0 to +70°C 

(board mount) ................................................. TBD mW Operating Junction Temperature (Tj) .......... +25 to + 125°C 
Package Lead Temperature 

Soldering (10 sec) ................................................ 260°C 
Vapor Phase (60 sec) ........................................... 215°C 
Infared (15 sec) .................................................... 220°C 

Storage Temperature (tstg) ........................... -65 to + 150°C 

ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

DC CHARACTERISTICS 

ICC Supply Current VAGCCAP = 4.0V 60 80 110 mA 

Bandgap Reference voltage, VREF 2.45 2.5 2.55 V 

VIH ForCLK1, CLK2, CLK3 
SELDET, GATE, MUXEN, 
MUXSEL, AGCEN 2.0 V 

Vil For ClKl, ClK2, ClK3 
SELDET, GATE, MUXEN, 
MUXSEl, AGCEN 0.8 V 

IIH For ClKl, ClK2, ClK3 
SELDET, GATE, MUXEN, 
MUXSEl, AGCEN -40 +40 flA 

III For ClKl, ClK2, CLK3 
SElDET, GATE, MUXEN, 
MUXSEl, AGCEN -400 10 flA 

AGC ( for dedicated servo) 

DSINPDC, DSINNDC open 2.4 2.6 V 

AvAGC min DSSUM = 4.0V, 
Voltage gain from input to test point Measure DSDIFFl 0.4 VN 

DSINP - DSINN = 0.5V 

AvAGC max DSSUM= 1.0V 
DSINP - DSINN = 1D mV 75 VN 

DCRHIGH DSSUM= 1.DV 
(DCR CAP VOLTAGE) DSINP - DSINN = 7mV 3.0 3.3 V 

DCRlOW DSSUM= 1.DV 
(DCR CAP VOLTAGE) DSINN - DSINP = 7 mV 2.3 2.5 2.7 V 

AREA DETECTOR 1 and 2 

DSDIFF Hl1 SELDET = VIH 3.2 V 

DSDIFF lO 2 DSINP - DSINN = D.l 
DSSUM = 1 V, ClK3=VIH 1.1 V 

DSDIFF lO 1 ClK3 = Vil 1.1 V 

DSDIFF HI2 3.2 V 
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ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS. MIN TYP. MAX L UNITS 

AREA DETECTOR 1 and 2 (continued) 

DSDIFF HI Rl DSINN - DSINP = 0.1 3.2 V 

DSDIFF LO R2 CLK3 = VIL 1.1 V 

DSDIFF LO Rl DSINN - DSINP = 0.1 1.1 V 

DSDIFF HI R2 CLK3 = VIH 3.2 V 

DSDIFF UNSEL 1,2 DSINP - DSINN ;: 1.0V 1.8 2.6 . V 
.. 

DSDIFF OFF DSINP - DSINN = OV 1.8 2.6 V 

AREA DETECTOR :I 

SYNC LO CLKl = VIH, ilL = 1.6 rnA 
DSSUM= 1.0V 0.25 0.5 V 
DSINN - DSINP = 0.1 

SYNC HI CLKl = VIH, IIH= -0.4 rnA 2.4 V 
DSSUM= 1.0V 
DSINN - DSINP = 0.1 

I DSSUM LO DSINN - DSINP = OV 60 68 200 flA 

I DSSUM HI. CLK1= VIH, DSSUM= 1 V 
DSINP - DSINN = 0.1 -10 -30 -100 flA 

AREA DETECTOR 4,VCO 

IVCOIN HI CLK2= VIH, DSSUM= 1 V 
DSINP - DSINN = O.lV -200 -60 flA 

IVCOINLO CLK2 = VIL 60 200 flA 

VCOHI CT = 4.0V, VCOIN= 4.0V 2.5 0 V 

VCOLO CT = 1 .OV, VCOIN = 1.0V 0.25 0.5 V 

RDINPDC, RDINNDC open 2.3 2.5 2.7 V 

VOH ZEROX RDINP - RDINN = 2.0V 2.4 V 
IOH = -0.4 rnA 

VOLZEROX RDINP - RDINN = 2.0V 0.5 V 
IOL =2.0rnA 

AGC (for embedded servo) 

VAGCTP RDINP - RDINN = 2.0 V 2.4 3.6 V 
VAGC= 1.0V 

AvVGAMIN RDINP - RDINN = 1.0 V 0.5 VN 
VAGC= 4.0V 

Av VGA MAX RDINP - RDINN = 0.4 V 2.0 VN 
VAGC = 1.0 V 

VAGC BIAS XAGC= 1.0V 0 200 flA 
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ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

RESET LOGIC 

IRESET SUM, DIFF RESET = VIL 80 400 ~A 

IOFF SUM, DIFF RESET = VIH -100 100 nA 

VSUM RESET = VIL 1 1.3 V 

VDIFF RESET = VIL 2.1 2.4 V 

I SUM, DIFF UNBAL GATE = VIH, CLOCK -40 40 ~A 
VAGC 1 X, 1 Vp-p swing 

IDIFF UNBAL XOR MUXSEL = VIH -40 40 ~A 

I PEAK SUM RDINP - RDINN = 1.0 V 300 400 600 ~A 
MUXSEL = VIH 

I PEAK DIFF P RDINP - RDINN = 1.0 V 300 400 600 ~A 
MUXSEL = VIH, 
VAGC = lV 

I PEAK DIFF XOR RDINP - RDINN = 1.0 V -600 -400 -300 ~A 
MUXEN = VIH, VAGC = 1.0V 

VOHSUM, VOHDIFF RDINP - RDINN = 1.0V 3.55 V 

VOL DIFF, VOLSUM RDINP - RDINN = 1.0V 0 1.0 V 
MUXSEL = VIH 

IGATE GATE = VIH, CLOCK 1 X -100 100 nA 

MUXAMPLIFIER 

VOSMUXSUM MUXSEL = MUXEN = VIL 2.492 2.508 V 

VOS MUXDIFF MUXSEL = VIH, 
VDIFF = 2.5V, 2.492 2.508 V 
MUXEN = VIL 

IBIASSUM DIFF SUM = DIFF = 2.5V 0 300 nA 

VOHMUX SUM = 3.9 V 3.55 V 

VOLMUX DIFF = 0.95 0 1.0 V 

INSINGMUX VMUXOUT = VXX 1.5 2.5 mA 

Amplifier settling time - tsmux Rout = 604 ohms, Cout = 36 pF 0.4 1 ~sec 

lIeakage 10 nA 

Linearity o to 1 V input with VAGC 
such that AvVAGC = 1.0V -5 5 %F.S 
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FUNCTIONAL DESCRIPTION 

The ML4S'3S provides area measurement demodulation of 
both the continuous (dedicated) servo surface and the 
sectored (embedded) servo data on each of the data 
surfaces of a "hybrid"servo disk drive. It operates on a 
single +5V supply and is intended to interface to a 
moderate speed, successive approximation ADC with 
multiplexed inputs and sample and holds, like the 
ML2377. In a conventional peak detection based servo 
scheme, the attack rate of the peak detectors are 
inherently faster than the decay, high crest factor noise 
sensitivity is high and rectification must have a very low 
offset for it to be functionally correct. On the other hand 
area detection has much better noise rejection and is 
more tolerant of small rectifier offsets. However it requires 
that the measurement period be an integer number of 
signal half cycles. Hence when the timing requirements 
are satisfied, area detection is certainly more accurate 
than peak detection schemes. 

DATA SURFACE OR 
EMBEDDED SERVO DEMODULATOR SECTION 

The data surface (embedded) servo demodulator section 
of the ML4S35 consists of a standalone AGC control loop 
so that the amplitude control function is self contained on 
the chip and two area detectors providing the sum (A+B) 
and difference (A-B) outputs which are muxed out 
through a mux amplifier. 

Input Amplifier and AGe 

The input amplifier and AGC circuit operate with 
differential inputs in the range of 0.25Vp-p to 2Vp-p, 
from the read channel filter's lowpass outputs. The 
purpose of the AGC loop is to maintain a constant area 
detect value that correlates to the zero scale and full scale 
output values based upon the minimum and maximum 
burst value. The sensing for the AGC is at the output of the 
area detector, allowing signal ranging based on the area of 
the burst rather than the peak level of the burst. The AGC 
is intended to be updated at every sector of servo position 
bursts such that the signal variances due to the platter 
radius and differences in the read channel data 
frequencies can be corrected. In this closed-loop system, 
the area detected output voltage is fed back and 
compared with the VAGCREF voltage to provide a gain 
control current for charging and discharging the 
VAGCCAP. The gain is varied to secure constant area of 
the output signal and provide amplitude control. The AGC 
gain value is held constant when the AGCEN is at logic 
low. When is is logic high, the level of gain can change up 
or down. The capacitor from VAGCCAP to ground holds 
the gain setting when AGCEN is at logic low and the area 
detector output does not affect the gain setting in this 
mode. 

Zero X Detector 

The output of the zero crossi ng detector (comparator) is 
provided for system synchronization. It detects zero 
crossings of the composite signal delivered by the Variable 
Gain Amplifier, VGA. The output of this comparator 
controls the synchronous rectification of the composite , 
VGA output, in the area detectors. This signal is internally 
generated in ECL, but an internal ECL to TTL conve.rter 
presents this output as a TIL level on the ZEROX pin. 
Control logic in the servo channel employs the ZEROX 
signal to produce an area detector enabling gate, which 
spans a fixed number of cycles of the composite signal. 

Area Detectors (Sum & Difference) 

The area detectors detect the A and B burst levels by area 
detection. Two area detectors - one to measure the sum 
of the A and B bursts (A+B), and a second one to measure 
the difference (A-B). Each area detector is implemented as 
a gated current - output synchronous rectifier, driving an 
external charge accumulating integrating capacitor. Area 
detection .occurs only while the area detector is enabled 
under the control of the GATE pin. When the detector is 
disabled, the integrating capacitor is effectively floated. 
The on-chip D Flip-Flop resynchronizes the gating signal 
to remove any timing error due to logic delays in the 
external gate control logic. Initial conditions on the 
integrating capacitors are established prior to an area 
detecting operation by a reset circuit controlled by the 
RESET pin. A reset operation forces the voltage on the 
DIFF area detecting capacitor to equal the 2.5 volts 
applied on the VREF pin and the voltage on the sum area 
detecting capacitor to equal VREF/2. Determination of the 
burst difference (A-B), is accomplished under control of 
the MUXEN pin, by inverting the phase of the carrier input 
to the second area detector, while the burst B is being 
detected. The inversion is performed by an XOR gate. 
Accordingly (A-B) is bipolar relative to VREF, while (A+B) 
is unipolar. 

Multiplexer Amplifier 

The multiplexer amplifier drives the MUXOUT pin and 
allows sequential interrogation of the (A-B) and (A+B) 
measurements, the results of which are stored on the 
external integrating capacitors. The amplifier is 
implemented as two independently selectable input 
stages, driving a common output structure, to form a 
voltage follower. To minimize the droop of the (A-B) and 
the (A+B) measurements, both input stages are biased off' 
during periods when neither measurement is required to 
be routed to the MUXOUT pin (MUXSEL = 0). The 
MUXSEL and MUXEN pins govern multiplexer channel 
selection through a decoding network. 

CONTINUOUS OR DEDICATED 
SERVO DEMODULATOR SECTION 

The continuous (dedicated) servo demodulator section of 
the ML4535 consists of its own variable gain amplifier and 
AGC loop, a variable frequency oscillator and four 
synchronous detectors. 
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The first synchronous detector (AREA DETECTOR #4) is 
used as a multiplying phase detector to control the 
variable frequency oscillator arid cdmplete the analog . 
portion of the phase locked loop that recovers the clock. 

The second synchronous detector (AREA DETECTOR #3) 
is used for measuring the area of the composite signal, to 
determine its amplitude for comparison with the on-chip 
reference of the AGC loop. An ampl itude level 
comparator is also included on this detector's output to 
provide the logic level output for Frame sync and Index 
data. 

The third and fourth synchronous detectors (AREA 
DETECTORS #1 & #2) are used to demodulate the normal 
and quadrature position signals. The normal and 
quadrature outputs are currents that have been terminated 
on chip with nominal 19K resistors to a 2.3 volt reference 
(0.9 x 2.5 volts). 

Operational Example 

An example continuous servo composite servo encoding 
and the associated demodulator clock waveforms are 
shown in figure 1 . The VCO operates at twice the 
frequency of the fundamental of the composite signal and 
drives two flip flops that generate quadrature and normal 
phase references. The Clock generation logic circuit and 
synchronizing circuit for the PLL, to acquire initial lock 
with type 2 loop, are shown in figure 2. A state counter 
divides the servo frame into eight intervals which are: 

NAME 

S 
Xl, X2, X3 
A,B,C,D 

ML4535 
LENGTH(lN CLOCK CYCLES} 

2 
1 

n where n is an integer like 8 

Note that all peaks of the composite signal are on Quad 
clock phase boundaries, so it contains only one 
fundamental frequency, which is easily acquired by the 
phase locked loop. The sync character is 1800 out of 
phase with all others; thus at phase al ignment it causes no 
disturbances to the phase comparator but gives an easily 
recognizable reverse polarity ripple in the AGC which is 
easily detected with a level detector to provide a frame 
sync logic signal to initialize the state counter. 

The A, B demodulator is selected from the center of Sto 
the center of X2 and the C, D demodulator is selected 
from the center of X2 to the center of S. The S, Xl, X2, X3 
information is in quadrature with the position clock and 
symmetrical so their contribution cancels to zero for the 
position output but not for AGe and phase compare. The 
NORMAL clock is .used throughout A, B, C, D but inverted 
1800 as required by the track type to give A-B, C-D, B-A, 
D-C without additional analog switching in position 1 
demodulator for track following. 

Filters are needed on each of the four demodulators for 
removing the carrier ripple and providing frequency 
compensation for the. gain control phase locked loop 
systems. The current output scaling of all four detectors 

Ixl Ix,l A B x.1 c I 0 I X31 

1I\AJV~~Jy~:rAi\rv~~l\J'v~~~ 
JUU1JUlJlI1flJ1 
J1JlJlJlJ1f 
~ 

VCO CLOCK OUTPUT (VCOOUT) 

AGC (NORMAL) CLOCK (DSSUM) 

PHASE COMPARE (QUAD) CLOCK 

SELECT (INVERTED FOR ODD TRACKS) r-'---_-'--__ -'-------11 . 

(POSITION A-B, CoD) CLOCK 

SYNC GATE L 
______ ~run ________ ~~ _____ F~R_AM __ ES_Y_N_C_O_U_T_PU_T ____________________ ~ ___________ ~ 

Figure 1;· Continuous Servo Encoding and Demodulator Clock Waveforms 
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MlA53S' 
are·thesameand'setby ori-chip resistors. The AGe 
setpoint is also a current fixed by a tracking on-chip 
resistors. Thus a capacitor to ground provides an 
integratingresponse for theAGC control loop, as well as 
ripple filtering. For the phaS'e comparator filter"two 
capacitors 'and a resistor provide D.C integration plus a 
lead-lag for the PLL control loop compensation. For the 
position outputs; on-chip 19K nominal resistors to,(0.9 x 
Vref) are provided so a capacitor to ground is added to 
forin a low pass ripple filter. 

The phase comparedetectorforms phase only (not ph.itse 
frequency) characteristic,so the loop will not acquire 
initial lock with and integrating loop filter, which is 
needed to assure no steady state phase error. The 
synchronizing c,ircuit suggested (refer figure 2), senses 
when the VCO control voltage is near either rail and 
applies a pulse that ramps it toward the other rail and thus 
through the operational frequency where it locks. The 
lock range is much greater than the acquire range, so it 
retains lock in the prescence ofthe resistor-coupled pulse, 
with ,a small phase error, until the pulse goes away and the 
phase error becomes zero. 

CLOCK GENERATION LOGIC 

HYBRID SERVO VERSUS ONLY EMBEDDED SERVO 

There ~rea number of merits in using a hybrid servo 
scheme consisting ofa servo surface plus limited data 
head servo samples over the completelyembeddedor 
data head sector servo samples scheme., These a~e 
summarized below: 

Cost: Lost dati surface capacity is less than 1 % for a servo 
surface pl,us samples compared to 8% for samples orily. 
Thissl!ggests thatwithsix or more platters, the servo 
surface has an advantage. Without a servo surface, it is 
difficult to generate accurately phase and track center 
aligned data head (embedded) servo sectors in the drive, 
requiring them to be done with extra'time on an 
expensive servo writer andmoving-the cost crossover 
point nearer to four platters.·Drive hardware and costs 
including assembly and test favour DSP implementations 
in either case. 

Effect on position error sources: These can be verysimilar 
for both configurations with optimized control ' 
algorithims. The servo surface does have Some advantages 
in being able to obtain higher bandwidths and thus faster 
settling time and greater reduction of non~repetitive run
out and random disturbances. 

AGCCLOCK 

PHASE COMPARE CLOCK 

POSITION COMPARE CLOCK 

POSITION SELECT 

INDEX 

SYNCHRONIZING CIRCUIT FOR THE PLL (To acquire initial lock with type 2 loop) 

TO PLL FILTER 

tILC 393.o'R SIMILAR LOW BIAS GROUND SENSING DUAL'COMPARATOR) 

, Figure 2. SUPP9rt<;ircuitry for the ML4S3,;Based "Hybrid" Ser"o Subsystejll 
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Effect on access time: A system with a servo surface has 
two advantages here. The ability to adjust the control 
signal at shorter time intervals and a higher small signal 
bandwidth, both of which reduce settling time. Move 
times can be equivalent. 

Data integrity: Here there is a clear superiority for a servo 
surface system in preventing writes which destroy existing 
data. There are at least two ways in which this can 
happen. Electronic noise in the sector timing causes servo 
sectors to be over written, so that the head can no longer 
be positioned to read the track even if the data is intact. 
This probability can be made acceptably small by 
redundancy in the electronics. External mechanical shock 
while writing a data sector can not only cause improper 
writes of the new data but also overwrite adjacent tracks. 
Inherently there is no way to prevent this with servo 
sectors only, as there is no position data measurement 
available and estimators do no good for random fast 
disturbances. Dynamically balanced rotary actuators 
reduce this exposure compared to linear travel positioners 
but cannot eliminate it completely. 

APPLICATION DIAGRAM 

ML4535 

ML4535 

SERVO DESIGN SUGGESTIONS FOR A HIGH TRACK 
DENSITY DISK DRIVE 

The best design choices for a high track density disk drive 
with four or more platters are outlined below and the 
hybrid servo subsystem based on the ML4S3S & ML2377, 
provides the most optimum solution for implementing 
these design choices and making track densities of 3000 
TPI easily achievable. 

1) Continuous servo surface with quadrature signals plus 
some position samples and/or calibration tracks for each 
data head. 

2) DSP implementation of the position control system for 
best performance of state estimators and adaptive 
parameter adjustment. 

3) Area integration position demodulation on both the 
servo (dedicated) surface and data head position 
(embedded) servo samples, for best accuracy and noise 
rejection. 

4) Thin film heads with gap edges aligned and 
perpendicular to the disk surface. 

S) Dynamically balanced rotary actuator for best rejection 
of external mechanical shock. 

ML2375 

CLK3=~~~~~~~~~:r.~~~~~l=========~ SELDEl I------+=:::.:.:..!--+--.r-I 
DSINP =:j:::~~=::?---+-r-c::=::::::;~~~~~ 
DSINN I--------l-~~!-j=tt:==:l 

REFI~Ri~;CdT.:=-itl_ VREF 

4-CH 
MUX 

& 
2-S/H 

VCM 
CONTROL 

ML4402/6/8 

'---!---jISENSE 

DSP Based Hybrid Servo Subsystem. 

'Micro Linear 

SPINDLE 
MOTOR 

CONTROL 

ML441 0/11 
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ML453'5 

ORDERING INfORMATION 
.. 

PART NUMBER TEMPERATURE RAN~E PACKAGE 

ML4535CQ O°C to +70°C 32-Pin PLCC (P32) 

ML4535CH O°C to +7QoC 32-Pin TQFP (H32) 
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GENERAL DESCRIPTION 
The ML4568 is a hard disk pulse detector with two 
gated peak detectors to demodulate embedded servo 
information. The pulse detector section includes a 
wide bandwidth differential amplifier with automatic 
gain control (AGC), a precision full wave rectifier, time 
channel and gate channel. The embedded servo peak 
detector section includes a full-wave rectifier, two 
gated peak detectors, buffered peak detector outputs, 
and a difference output. A 2.25V bandgap reference IS 

also included on-chip. 

The ML4568 is a 5V-only upgrade for 8468-type 
devices. Upgraded features include increased data rate 
operation (to 24 MB/s with RLL(1, 7) coding), improve 
pulse pairing (1ns), and reduced power consumption 
(400mW typical) resulting from 5V-only operation. 

The ML4568 pulse detector section detects amplitude 
peaks, producing a TTL-compatible output which 
accurately indicates the time position of signal peaks. 
In hard disk applications, these signal peaks represent 
flux reversals in the magnetic medium. 

BLOCK DIAGRAM 
-AMP +AMP 
OUT OUT +CH IN 

AGClN+ 

2.2:5K 

2.2SK 

AGClN-

14 
CAGC 

R/W 

AGCSET 

Vee 

AGND 
26 

DGND 
13 

VREFOUT 
21 

May 1992 
PRELIMINARY 

ML4568 

Disk Pulse Detector + 
Embedded Servo Detector 
FEATURES 

• 5V-only operation 
• Low power consumption (400mW typical) 
• Supports 24 MB/s RLL(1, 7) coding 
• Less than ±1 ns Pulse Pairing 
• Wide input signal amplitude range (10mVpp to 

100mVpp) 
• On-chip differential gain controlled amplifier, 

differentiator, comparator gating circuitry, and 
output pulse generator 

• Adjustable comparator hysteresis 
• Dynamic hysteresis tracks signal amplitude 
• AGe and differentiator time constants set by 

external components 
• TTL compatible digital inputs and outputs 
• Built in embedded servo detector 
• On chip buffers provide low impedance servo 

output voltages 
• User adjustable servo time constants 

-CH IN CD+ CD-

DOUT 

I----"'-f-RD 

'----------''+-- SET PW 

>,I----;:==.-,;-.::;::;:=;U~-BUFA 

:r.---l-DAOUT 

>-<>----------t- BUFB 

LEVEL GATE2 DISCH. GATEl PKA HYS. PKB 
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ML4568 

G,ENERAL DESCRIPTION (Continued) 

The ML4568 also incorporates two gated detectors 
which detect embedded servo information, usild for 
hf;!ad positioning. The ML4568 provides two buffered 
low impedance voltage outpu,ts which rep~esent the 
peak detected level of each servo burst. The ML4568 
also provides a buffered output that represents the 
voltage difference between the two servo channels, 
centered about VREF. 

PIN DESCRIPTION 

PIN # NAME FUNCTION 

Power Supply 

9 Vee +5V ± 10% supply. 

21 "REF OUT Internal 2.25 V reference voltage 
output. 

26 ANALOG Analog signals should be 
GROUND referenced to this pin. 

13 DIGITAL Digital signals should be 
GROUND referenced to this pin. 

Analog Signals 

6 AMP IN+ These are the differential inputs 
7 AMP IN- to the Amplifier. The output of 

the read/write head amplifier 
should be capacitively coupled 
to these pins. 

28 AMP OUT+ These are the differential outputs 
27 AMP OUT- of the Amplifier. These outputs 

should be capacitively coupled to 
the channel filter. 

4 -CH IN These are the differential inputs 
1 +CH IN to the time, gating and servo 

channels. These inputs must be 
capacitively coupled to the 
channel filter at the amp. outputs. 
The maximum differential 
peak-to-peak swing at this input 
is 1.5 Vp_p. 

2 CD+ The external differentiator 
3 CD- network is connected between 

these two pins. 

23 HYS. The DC voltage on this pin sets 
the amount of hysteresis on the 
differeritial comparator. 

PIN CONFIGURATION 

PIN # 

AGCSET 

$ET PW 

DOUT 

NAME 

PLCC-28 

TOP VIEW 

DAOUT 

LEVEL 

H'IS. 

DISCH. 

VREFOUT 

GAfE2 

PKB 

FUNCTION 

Analog Signals (Continued) 

24 LEVEl This is a Peak Detector Output , 
signal that is used in conjunction 
with the set hysteresis pin 23 to 
provide a dynamic hysteresis 
function. 

5 AGCSET The AGC circuit adjusts the gain 
of the gain controlled amplifier 
to make the differential peak to 
peak voltage at the Channel 
inputs equal to four times the 
DC voltage ,on this pin. 
V AGeSET = 1f2Vee +%Vpp where 
Vpp is the peak-peak differential 
voltage on the channel input. 

14 CAGC The external capacitor for the 
AGC is connected between this 
pin and Analog Ground. 

18 PKA The peak detected, servo signal 
19 PKB voltage appears across the RC 

networks connected from these 
pins to analog ground. 

16 BUfA These low impedance pins, 
15 BUFB output the DC level at pins 18 

and 19 respectively; level shifted 
down by two diode drops. 

25 DAOUT This low impedance pin outputs 
the difference in voltage between 
pins 16 and 15 about a zero level 
set by the voltage on pin 21. 
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PIN DESCRIPTION (Continued) 

PIN *I NAME 

Digital Signals 
10 SET PW 

8 R/W 

11 DOUT 

12 RD 

FUNCTION 

An external capacitor to control 
the pulse width of the Encoded 
Data Out (RD) is connected 
between this pin and Digital 
Ground. See Figure 1. 

If this pin is low, the Pulse 
Detector is in the read mode 
and the chip is active. When this 
pin goes high, the pulse detector 
is forced into a stand-by mode. 
This is a standard TIL input. 

This is the buffered, open 
collector, output of the differential 
comparator with hysteresis. 

This is the standard TIL output 
whose leading edge indicates the 
time position of the peaks. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Pin 9 .................................................. 14V 
TTL Input Voltage 

Pins 8, 17, 20, 22 ..................................... S.5V 
TTL Output Voltage 

Pins 12, 11 ........................................... S.5V 
Input Voltage 

Pins 23, S ............................................ S.5V 
Minimum Input Voltage 

Pins 23, S ......... :............ . . . . . . . . . . . . . . . . . . . .. --{).5V 
Differential Input Voltage 

Pins 6-7, 4-1 .................................... 3V or -3V 
ESD susceptibility rating is to be determined 
Storage Temperature ....................... -6S·C to +1S0·C 
lead Temperature (Soldering 10 sec.) .. . . . . . . . . . . . . . . .. 300·C 
Maximum Power Dissipation at 2S·C: ' 

PlCC Package (derate TBD mW/·C above 2S·C) ... SOOmW 

ML4568 

PIN *I NAME FUNCTION 

Digital Signals (Continued) 

17 GATE 1 These inputs accept TIL levels. 
20 GATE 2 When a low level is present the 

embedded servo signal is allowed 
to charge the RC network at pins 
18 and 19 respectively. A high 
level will force a hold condition 
of the DC voltage across the RC 
network and will also disable the 
servo channel. 

22 DISCH. 1;his input accepts a TIL level. 
A high level connects a 1.SK 
internal resistor to ground on 
pins 18 and 19. 

OPERATING CONDITIONS 
Vee ................. : ........................... 4.SV to 5.5V 
Ambient Temperature, TA ....................... O·C to +70·C 
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ELECTRICAL CHARACTERISTICS 
Over recommended, operating conditions. 
Set Hysteresis = OY, VplN 17 = 2Y, READ/WRITE = OAY,VPIN 22 = OAY, unless otherwise noted. 

Symbol Pins I. : parameter Conditions Min I 1YP I Max I Units 

Amplifier 

llNAI 6,7 Amp In Impedance (Note 1) TA = 25°C 1.8 2.4 3.0 KO 

AVMIN 28,27 Minimum Voltage Gain Differential AC Output 3 VI'P 6 15 VIV 

AVMAX 28,27 M<\Ximum Voltage Gain Differential AC Output 3 Vpp 250 300 VIV 

Channel 

llNCI 4,1 Channel Input Impedance TA = 25°C (Note 1) 2.5 KO 

ICAGc- 14 Pili 14 Cur~~nt which Charges CAGC VPIN 14 = 2.2V 5.0 5.8 rnA 

ICAGC+ 14 Pin 14 Current which Discharges CAGC VplN 14 = 2.2V 
" 

0.5 2 pA 

IAGCSET 5 AGCSET Input Bias Current , ' 8 100 pA 

IlL 23 Set Hysteresis Input Bias Current VPIN 23 = 0 -20 pA 

ICD 2,.3 Current into Pin 2 and 3 that 0.8 1.0 rnA 
Discharges CD 

HYS 23 Peak Hys. vs V HYS VPIN 23 = 1V 0.25 0.4 0.55 VPKi 
,., .. r -, Voc 

Write Mode .. ,;", 

VPIN 8 = 2.0V o 
IAGC- Pin 14 Current in Write Mode VplN 8 =2.0Y, VPIN 14 = 2.2V pA 

Digital Pins 

VIH 8, 17, High Level Input Voltage 2 V, 
20,22 

VIL 8,17, Low Level Input Voltage 0.8 V 
20,22 

IIH 8, 17, High Level Input Current Vsv = Max, VI = 2.7V 20 pA 
20,22 

IlL 8,17, Low Level Input Current Vsv = Max, VI = O.5V 140 200 pA 
20,22 

VOH 12 High Level Output Voltage VSV = Min, IOH = -4OOpA (Note 2) 2.4 V 

VOL12 12 Low Level Output Voltage Vsv = Min, IOL = 800pA (Note 2) 0.5 V 

ILH 11 High Level Output Leakage Current VPIN 11 = VCC Measure Current into 50 pA 
Pin 11 

VOL11 11 Low Level Output Voltage I PIN 11 = 800 pA 0.5 V 

Servo Channel 
, 

lOIS 18, 19 Discharge Impedance VPIN 22 = 2V (discharge) 0.5 1.8 2.5 KO 
Force 2.SV on Pins 18 or 19 

VBOQ 15, 16 Buffer Quiescent Output Level V PIN 17, 20, 22 = 0.4Y, V 0 = OV 1.0 1.6 2.0 V 
Pull OmA from Pins 15 and 16 

VLEVEL Q 24 Level Quiescent Output Level Vo = OV 0.2 0.5 V 
Pull 200pA from Pin 24 

IL 18, 19 Gated Off Leakage Current VPIN 22 = 0.4Y, VPIN 20 = VPIN 17 = 2V -1 1 pA 
Force 3V on Pin 18 or Pin 19 
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ML4568 

ELECTRICAL CHARACTERISTICS (Continued) 
Over recommended operating conditions. 
Set Hysteresis = OY, VPIN 17 = 2Y, READ/WRITE = O.4Y, VPIN' 22 = O.4Y, unless otherwise noted. 

Symbol 1 Pins 1 Parameter Conditions Min lYP ·1 Max 1 Units 

Servo Channel (Continued) 

VasBa 16, 15 Buffer Output Offset Voltage VPIN 17, 20, 22 = 0.4y, VPIN 1 = 2.75V 2 ±15 mV 
for VCI = 1VPK_PK Pull OmA from Pins 15 and 16 

VplN 4 = 2.25Y, 

VaSBO' = VPIN 16 - VplN 15 

Vasys 25, 21 System Output Offset Voltage V PIN 17, 20, 22 = 0.4 ±5 ±20 mV 

for V CI = 0.75V PK-PK 
Pull OmA from Pin 25 

VPIN 1 =,2.688Y, VPIN 4 = 2.313V 

Vasys = V PIN 25 - VPIN 21 

AVDA (1V) 25, 21 Difference Amplifier Gain, VPIN 17, 20 = 2V 1.6 2 2.4 VIV 
1V Differential Input V plN 19 = 1.5Y, VplN 18 = 2.5Y, 

VPIN 22 = O.4V 

AVDA (.5V) 25,21 Difference Amplifier Gaih, VPIN 17, 20 = 2V 1.6 2 2.4 VIV 
0.5V Differential Input VPIN 19 = 1.75Y, VPIN 18 = 2.25Y, 

VplN 22 = O.4V 

GLDA 25 Difference Amplifier Gain linearity 0.2 2.5 % 

ZLEVEL 24 Level Out Output Impedance VPIN 17, 20, 22 = 0.4Y, VCI = 0.75V 100 180 250 n 
SOURCE Measure VPIN 24 with 200llA and 

3mA pulled out of the pin. 

ZLEVEL = change in VplN 24 SOURCE 
3mA - 0.2mA 

AVGD 15, 16 Gated Detector Gai n V PIN 22, 20, 17 = O.4V 1.45 1.8 2.25 VIV 
(1.5V) for VCI = 1.5VpK_PK VPIN 1 = 2.875Y, VPIN 4 = 2.125V 

AVGD 15,16 'Gated Detector Gain V PIN 22, 20, 17 = O.4V 1.45 1.7 2.25 VIV 
(0.75\1) for V CI = 0.75V PK-PK VplN 1 = 2.688Y, VplN 4 = 2.313V I 
AVLEVEL 24 Level Voltage Gain VPIN 1 = 2.875Y, VPIN 4 = 2.125V 1.45 1.8 2.25 VIV 
(1.5V) For VCI = 1.5VPK_PK 

AVLEVEL 24 Level Voltage Gain VPIN 1 = 2.687v, VPIN 4 = 2.312V 1.6 1.9 2.4 VIV 
(0.75V) For VCI = 0.75VPK_PK 

GLGD 15, 16 Gated Detector Gain Linearity ±0.1 ±2.5 % 

Icc 9 VCC Supply Current VCC = Max 40 90 110 mA 

VREF 21 V REF Voltage 2.0 2.25 2.5 V 
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ML4568 

AC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Temperature and Supply Range refer to AC Test Setup. 
f = 2.5MHz unless otherwise indicated. PKA,PKB= lKn + 10nF toGND. . 

Symbol Pins. Parameter Conditions. .' 

tCHARGE 15, 16 Gated Detector Charge Time VCI = 1,5Vpp, VPIN 22 '" 0.3\1, 
With PKA and PKB discharged,. 
measure. the time from Pin 17 or 20 
going from 2V to 0.3\1, to VS01 or 
Vs02 respectively; reaching 90% of 
their final value 

tDISCHARGE 15, 16 Gated Detector Discharge Time VCI = l.5Vpp. 
With LPl charged, measure the time 
from Pin 22 going trom O.3V to 2\1, to 
the voltage at Vao1 or VS02 reaching 
90% of their final value 

tON 18, 19 Gated Detector Turn ON Time V CI = 0.35V DO V PIN 22 = 0.3V. 
With LPl discharged, measure the 
time from Pin 17 going from 2V to 
0.3\1, to the voltage on Pin 18 
increasing 0.1V. 
Do a similar measurement with LP2, 
Pin 20 and Pin 19 

tOFF 18, 19 Gated Detector Turn OFF Time V CI = 0.35V DO V PIN 22 = 2V. 
Measure the time from Pin 17 going 
from O.3V to 2\1, to the voltage on 
Pin .18 decreasing byO.1V. Do a 
similar measurement with Pins 20 and 
19 

tpp 12 Pulse Pairing ML4568-1 f'" 2.5MHz and VCI '" lVpp differential 

tpp 12 Pulse Pairing ML4568-2 f = 2.5MHz and V CI = 1V pp differential 

Notes: 
1. The temperature coefficient of the input impedance is typically 0.05% per 0c, 

Min 1YP . Max . Units 

1.a ps 

70 ps 

0.2 ps 

0.4 ps 

±1 ns 

±3 'ns 
.' 

2. To prevent inductive coupling from the digital outputs to Amp In, the TTL outputs should not drive more than one AlS TTL load each. Pin 
.11 is an open collector output which is tested with an external 1 K pullup resistor to the 5V supply. 
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ML4568 CONNECTION DIAGRAM 

PLCC-28 Version 

DOUT 

12 RD 

cos2¥ 
AGCSET 5 10 

SET PW 

Vcco-L 
16 

BUFA 
+2.25V 

AGND~ 

DGNDoE-

15 
BUFB 

Note 1: K = R1/R2 
Note 2: Hysterisis Level = 0.6 x KIVIN p.p 

Note 3: RC on pins PKA and PKB basically tuned to minimize ripple. 

"Micro Linear 5-203 



Ml4568 

APPLICATION INFORMATION 
SETTING THE OUTPUT PULSEWIDTH 

The RD output pulsewidth is dependent on the value 
of Cos, which is connected from pin 10 to Vee. This 
relationship is shown in figure 1. 

100 

50 

50 100 150 200 

Cos (pFl 

Figure 1. RD Output Pulsewidth as a Function of Cos 
PW= O.5Cos 

ORDERING INFORMATION 

"',1. 

SELECTING Co 
The following table summarizes the maximum CD value 
allowed for different data rates. These values are 
derived using 

176 
CD (max) = -, RD = 0 

.. fMA)( 

Data Rate fMAl( CD (max) 

7.5 MB/s 2.81 MHz 62.6 pF 

24 MB/s 9 MHz 19.6 pF 

Table 1. Maximum Co Value Allowed for a 1.5. Vp_p 
Differential Signal Using RLL (1, 7) Code 

1,7 RLL 2,7 RLL 

fMAX 3/8 x Data Rate 1/3 x Data Rate 

fMAX 3/32 x Data Rate 118 x Data Rate 

Table 2 

PART NUMBER PACKAGE PULSE PAIRING 

ML4568-1CQ 
ML4568-2CQ 

MOLDED PCC (Q28) 
MOLDED PCC (Q28) 

±1 ns 
±3 ns 
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GENERAL DESCRIPTION 

The ML461 0R/4611 R is a bipolar monolithic read/write 
circuit designed for use with two-terminal thin-film 
recording heads. They provide a low noise read amplifier, 
write current control, and data protection circuitry for up 
to four channels. The ML461 OR/4611 R incorporates 
internal 700 ohm damping resistors which dampen the 
write signals to the disk. When the device is switched to 
read mode, the damping resistor is switched out to allow 
the full signal to be amplified. Power supply fault 
protection is provided by disabling the write current 
generator during power sequencing. System write to read 
recovery time is significantly improved by controlling the 
read channel common mode output voltage shift in the 
write mode. The ML4611 R option also provides an user 
controllable write current adjustment capability, available 
in the 24-Pin package only. 

BLOCK DIAGRAM 

VCCl GND WUS . ~ I 

I WRITE UNSAFE I 
DETECTOR 

f -td MODE t:-U _ SELECT 

RDX 

RDY 

WDl 

HSO 
HSl 

-H> 
I VOLTAGE 

FAULT 
REGULATOR 

< I READ 
BUFFER 

r 
IT 

S 

WDFF ~I Q 

~ 
WRITE 

CURRENT 
SOURCE 

wc 

)uly 1992 
PRELIMINARY 

ML461 OR, ML4611 R 

5V, 2-, 4-Channel Thin-Film 
Read/Write Circuit 

I 

FEATURES 

• Compatible to SSls 32R461 0R/4611 R 

• Can drop into SSls 32R2020R series sockets 

• Single +5 volt operation 

• Low Power, PIDLE < 50mW, PMAX < 200mW 

• Read Mode gain = 200VN 

• Damping resistors switched out in Read mode 

• Input noise = 0.85nV/'oIHz max 

• Input capacitance = 35pF max 

• Write Current range = 10-35mA 

• Programmable write current source 

• Enhanced system write to read recovery time 

• Power supply fault protection 

• Head shortto ground protection 

• 24-pin SOIC (4 channel with WCAD)) 

• 20-pin SOIC (4 channel without WCAD)) 

• 16-pin SOIC (2 channel wi,thout WCAD)) 

I REFERENCE 
VOLTAGE , 

WCADJ I 

WCADJ 

VCC2 

I 

READ 
PREAMPS 

AND WRITE 
CURRENT 
SWITCHES 

(.4) 

1---
1---

1---
f--

f-I-
1--1-

1--1-
1--1-

HOX 
HOY 

H1X 
H1Y 

H2X 
H2Y 

H3X 
H3Y 
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ML461 OR, ML4611R 
'"f,"'. 

PIN CONNECTION 

M[4610R-2CS . ML4610R-4CS ML4611 R-4CS 
(S16W) (S20W) (S24W)· 

GNO Cs GNO Cs GNO Cs 

HOX RNi HOX RN; N/C RFN 
HOY WC HOY WC HOX WCA.OJ . 

HIX ROY HIX ROY HOY WC 

H1Y ROX H1Y RDX .l;ItX ROY 

VCC2 HSO H2X HSO H1Y ROX 

N/C VCCI H2Y· HSI H2X HSO 

WUS WDI H3X vccf H2Y HSI 

TOP VIEW H3y WOI H3X VCCI 

VCC2 wus H3Y WOI 

TOP VIEW 
N/C WUS 

VCC2 N/C 

TOP.VIEW 

PIN DESCRIPTION 

NAME TYPE FUNCtiON NAME TYPE FUNCTION 

,J HSO, HSl Head Select: Selects one of four heads RDX,RDY 0 X, Y Read Data: Differential read data 

CS Chip Select: A high inhibits the chip 
output 

R/W I Read/VVrite: A high selects read mode 
WC Write Current: Used to set the 

magnitude of the write current 
WUS 0 Write Unsafe: A high indicates an WCADJ .Write Current Adjust: Used to decrease 

unsafe writing condition , the write current 
WDI I Write Data In: Changes the direction VCCl +5 volt supply 

of the current in the head 

HOX - H3X I/O X,Y Head Connectors 
VCC2 +5 volt supply for write current drivers 

HOY- H3Y GND Ground 
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ABSOLUTE MAXIMUM RATINGS 
DC Supply Voltage (Vee1) ......................... -0.3 to +7VDC 
DC Supply Voltage (Vee2) ......................... --0.3 to +7VDC 
Write Current (iw) .............................•...................... 80rnA 
Digital Input Voltage (VIN) ........... --0.3 to VCC1 + 0.3VDC 
Head Port Voltage (VH) ................ --0.3 to VCC1 + 0.3VDC 
Output Current: (RDX, RDY 10) .............................. -1 OmA 
Output Current: (WUS) .......................................... +12mA 
Storage Temperature TSTC .................................. -65 to + 150°C 

ELECTRICAL CHARACTERISTICS 

ML461 OR, ML4611 R 

RECOMMENDED OPERATING 
CONDITIONS 
DCSupply Voltage (Vee 1) .............................. 5 ±5% VDC 
DC Supply Voltage (Vee2) •............................. 5 ±5% VDC 
Operating Junction Temperature (T)) .......... +25° to + 110°C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

Vccl Supply Current Read Mode 33 rnA 
Write Mode 27 rnA 
Idle Mode 12 rnA 

Vcc2 Supply Current Read Mode 11 rnA 
Write Mode 10 + Iw rnA 
Idle Mode 0.4 rnA 

Power Dissipation Read Mode 200 rnW 
Write Mode 150 + 41w rnW 
Idle Mode 50 rnW 

DIGITAL INPUTS 

V1L Input Low Voltage 0.8 VOC 

V1H Input High Voltage 2.0 VDC 

Input Low Current Vll= 0.8V -0.4 rnA 

Input High Current VIH = 2.0V 100 .JlA 

VOL WUS Output Low Voltage IOL = 2 rnA rnax 0.5 VDC 

VCCl Fault Voltage Iw <0.2 rnA 3.8 4.0 4.2 VDC 

WRITE CHARACTERISTICS 

Write Current Constant UK" 0.99 

Vwc Write Current Voltage 1.15 1.25 1.35 V 

WCADJ Voltage IWCADJ = 0 to 0.5 rnA 2.0 Vcd2 3.0 VDC 

IHEAD (DECREASE) / IWCADJ 26 29 32 rnNmA 

IWCADJ Range 0.0 0.5 rnA 

Differential Head 
Voltage Swing 3.4 6 Vp_p 

Unselected Head Current 1 rnA (pk) 

Head Differential 
Load Capacitance 25 pF 

Head Differential 
Load Resistance RD (ML461 0R/4611 R) 560 700 950 n 

WDI Transition Frequency WUS= low 1.0 MHz 

Write Current Range (Iw) 10 35 rnA 
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Mt46tOR, ML4611R 

ELECTRICALCHARACTERISTICS{,~; 

SYMBOL I PARAMETER'!" "CONI:>lTIONS MIN TYP, MAX UNITS 

READ CHARACTERISTICS CL (RDX,RDY) < 20 pF, RL (RDX,RDY) = 1 kO 

,l,)lfferential Voltage G~in i " VIN = 1 myp_p @ 1 MHz 1.60 200 240, VN 

Voltage BW 
-ldB IZsl <50, VIN = lmVp_p 20 Mf-Iz 
-3dB 35 

, 
MHz 

I~pu~ i'Joise Voltage BW =.15Iy1Hz, LH = 0, RH= 0 ,,' 0.6 
" 

0.85 nV/~ 

Differential Input Capacitance VIN = 1 mVp_p, f = 5MHz 27 35 pF 

Differential Input resistance, VII:< = 1 mVp~p, f = 5MHz 1000 0 

Dynamic Range AC input voltage where gain falls to 
90% of its small signal gain value, 
f,= 5MHz 3 mVp_p 

Common Mode, 
Rejection Ratio VIN = 0 volts DC + 1 OOmVp_p @ 5MHz 45 dB 

Power Supply Rejection Ratio 100mVp_p@ 5MHz on Vee ,40 dB 

Channel Separation Unselected channels driven with 
VIN = 0 volts DC + l,OOmVp_p 45 dB 

Output Offset Voltage -200 +200 mV 

Single-Ended 
Output Resistance f= 5MHz ,40, a 
Output Current ACcoupled load; RDX to RDY 1.5 mA 

:'. 

Rbx, Common Mode Output 2.0 ' 2.8 3.5 VDC: 
RDY 

SWITCHING CHARACTERISTICS Iw = 20rnA, RH = 300, LH= lJ!H, fDATA = 5MHz 

R/W Read to Write R/W to 90% of write currerit 0.1 1.0 J!s 

R/W Wrfte to Read R/Wto 90% of 100mV 
Read signal envelope 0.5 1.0 J!S 

CS Unselect to Select CS to 90% of write current or 
90% df 100mV, 10MHz 0,4 1.0 J!S 

CS Select to U nselect CS'to 10% of write current OA ),.0 J!S 

HSO-l to any head To 90% of] OOniV 'lOMHz 
Read signal envelope 0.2 1:0 J!S 

WUS 
Safe to Unsafe (TD1) 0.6 2.0 3.,6 J!S 
Unsafe to Safe (TD2), 0.2 1.0, Its 

Head Current: LH = 0, RH = 0 
WDI to Ix - Iy (TD3) From 50% pornts 32 ns, 
Asymmetry WDI has 1 ns rise/fall time 1.0 ns 
Rise/Fall Time 10% t090% points 12 ns 
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TIMING DIAGRAM 

HEAD 
CURRENT 

(tx-ty) 

ML461 OR, ML4611 R 

Figure 1. Write Mode. 

MODE SELECT 

CS R/W MODE 

0 0 Write 

0 1 Read 

1 0 Idle 

1 1 Idle 

FUNCTIONAL DESCRIPTION 

The ML461 OR/4611 R has the abil ity to address Up to 4 
two-terminal thin-film heads and provide write drive or 
read amplification. Head selection and mode control are 
described in the tables below. The TTL inputs R/W and CS 
have internal pull-up resistors to prevent an accidental 
write condition. HSO and HSl have internal pull-downs. 
Internal clamp circuitry will protect the ML461 OR/4611 R 
from a head short to ground condition in any mode. The 
damping resistors are switched out during read mode, as 
identified by the R/W pin. 

WRITE MODE OPERATION 

Taking both CS and R/W low selects write mode which 
configures the ML461 OR/4611 R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. Head 
current is toggled between the X and Y side of the selected 
head on each high to low transition of the Write Data 
Input (WDI). A preceding read or idle mode select 
initializes the Write Data Flip-Flop to pass write current 
through the "X" side of the head. The current calculations 
are shown below: 

Write current (peak) is given by: 

lw K x vwe 
RWe 

HEAD SELECT 

HS1 HSO HEAD 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

where 
RWC is connected from pin WC to GND 

Actual head current is given by: 

where 

I lw 
X'Y=l+ RH 

RD 

RH = head + external wire resistance 
RD = damping resistance 

The ML461 OR/4611 R adds a feature which allows the user 
to adjust the Iw current by a finite amount using the 
WCADj pin, while writing to the disk. It is used by 
switching a separate write current adjust resistor in and 
out on the WCADj pin or by connecting a DAC to that pin 
to sink a controllable amount of current. It is nominally 
biased to Ved2. Sinking current from this pin to ground, 
will divert a proportional amount of current from the 
actual head current while maintaining a constant current 
through the WC resistor and Vee. Allowing WCADj to 
float or pulling it high will cut off the circuit and it will 
have no effect. For example, if the nominal head current is 
set to 30mA through wc with WCADj open, then for a 
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ML4610R,ML4611R 
7.2SmA head current decrease, a 10ka resistor would be 
connected from the WCADj pin to ground. A TTL gate 
could be used as a switch with a small degradation in 
accuracy. A DAC could be programmed to sink O.2SmA 
from the WCADj pin, for achieving the same function. 

29xVWCADJ Iw head (decrease) 
RWCADJ. 

where 
VWCAD) = Voltage on the WCADj pin 
RWCAD) = Write current adjust setting resistor 

VOLTAGE FAULT DETECTION 

A voltage fault detection circuit improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector output goes high under the 
conditions given below. After the fault condition is 
removed, a negative transition on WDI is required to clear 
WUS. 

- Write Data.lnput frequency too low 

- Device in Read Mode 

- Chip is disabled or head is open 

- No write current 

ORDERING INFORMATION. 

READ MODE OPERATION 

The Read mode configuresthe ML461 OR/4611 R as a low 
noise differential ampl ifier and deactivates the write 
current generator. The RDX and RDY output are driven by 
emitter followers. They should be AC coupled to the load. 
The (X, Y) inputs are non-inverting to the (X, Y)outputs. In 
the Idle or Write mode, the read amplifier is deactivated 
and RDX, RDY outpu~become high impedance. This 
facilitates multiple R/W applications (wired-OR RDX, 
RDY) and minimizes voltage drifts when switching from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML461 OR/4611 R supports the feature by which the 
internal damping resistors are switched out in the read 
mode, which allows the full signal to be amplified. 

IDLE MODE OPERATION 

Taking CS high selects the idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the device. Power consumption in this mode 
is held to a minimum,less than SOmW. 

PART NUMBER TEMPERATURE RANGE PACKAGE 

5~210 

Ml4610R-2CS 
ML46,10R-4CS 
Ml4611 R-4CS 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

'Micro Li.,.ar 

16-Pin SOIC (S16W) 
20~Pin SOIC (S2DW) 
24-Pin SOIC (S24W) 
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PRELIMINARY 

ML6005 

24 Mbps Read Channel Filter/Equalizer 
GENERAL DESCRIPTION 

The ML600S is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 24Mbits/s, with 
an operating power dissipation of less than 300mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The user can independently 
adjust both the corner frequency, as well as the slimming 
level. The desired frequency response is programmed by a 
14-bit serial input data stream which includes one bit for 
power-down, one bit for read/write control, and one bit 
for auto-zero control. The auto-zero circuitry, if enabled, 
reduces the output offsets to less than 20mV. The read/ 
write control is also provided by a hardware pin. The 
ML600S is well suited for constant density recording 
systems (Zoned-bit recording) as well as for constant data 
rate systems. A 36Mbits/s version, ML6006 is also 
available. 

BLOCK DIAGRAM 

VINP(7) 

VCCI 
(13) 

I 
I 

1000 
OHMS 

GND NC 
(4,5,9,11) (6,12,16) 

I I 
I I 

FEATURES 

• 6-pole, 2-zero continuous time filter with < -4SdB 
harmonic distortion 

• Disk Data rates up to 24Mbit/s 

• Programmable filter cutofffrequency 
(4.3:1 range in 64 steps) 
(fe = 3.13 to 13.SMHz) 

• 32 step programmable pulse slimming equalization, 
o to 1 OdB boost at fe. 

• Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

• Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

• Fully I/O balanced architecture with TTUCMOS 
compatible interface 

• High speed (upto 2SMHz clock) three wire serial 
microprocessor interface 

• Double buffered data latch for synchronous or 
asynchronous data loading. 

• Single SV ± 10% power supply 

• O°C - 70°C operating temperature 

• Available in 20-pin SSOP package. 

• 4 GHz/1 .Sf.! BiCMOS process 

• Power Dissipation - Popr = 300mW, Pdn = 7.SmW 

VCC2 
(3) 
I 

I 

LOWPASS -
FILTER 

SLIMMER 
OUTPUT 
BUFFERS 

VOLP(1) 

VOLM (2) 

VOHP (20) 

VOHM(19) 

1000 
OHMS 

VINM(8) 

I 
I 

i t 
I I 

BIAS 
CIRCUITS 

I 
KEXT 
(10) 

POWER 

DOWN 

CONTROL REGISTER 
(14-BITS) 

I 
I I I I 

SCLK SDATA CS R/W 
(18) (17) (15) (14) 
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ML6005 

PIN' CONNECTION 

20-Pin SSOP 
, :~ :i;" 

VOLP VOHP 

VOLM VOHM 

VCC2 SCLK 

GND SDATA 

GND NC 

NC cs 
VINP R;w 

VINM VCCl 

GND NC 

REXT GND 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

1 VOLP Normal LOWPilssoutpuls 
2 VOLM 

15 CS Control Register Enable. A logical 
low level allows the SCLK input to 

, 'I 3 VCC2 Positive supply forthe output 
drivers, 5V ± i 0% 

clock data into the control register 
via the SDATA input line. A logical 
high level latches the control. 

4,5, GND Ground register contents and issues. the 
9,11 information to the appropriate 

7 VINP Signal Inputs 
8 VINM 

circuitry. A TIL input. 

17 SDATA Control Register Data. A TIL input 

10 REXT A 10K resistor between this pin and 
grou nd sets the fi Iters corner 
frequency 

18 SCLK Control Regist~r Clock. Negative 
edge triggerredcontrol register 
clock input. A TIL input. 

13 VCC1 Positive .. supply, 5V ± 10% 19 VOHM Differentiated lowpass outputs 

14 R!w Read/Write Control pin. A low 
20 VOHP 

input level allows normal operation 6,12, NC No Connects, reserved for future 
of the fi Iter in the read mode. A 16 use. 
high level input puts the filter in the 
write mode, where the' input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response. A TTL 
input. Additionally a metal mask 
option is available to configure this 
pin as either power down enable or 
frequency boost disable 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
VCC1, VCC2 ...................................................... +6.5 volts VCC1 = VCC2 .......................................... + 5 volts ± 10% 
VINP, VINM, REXT, CS, SCLK, 

SDATA, R;w ..................... GND - O.3V to VCC1 + 0.3V 
VIN = (VINP-VINM) ................................................ 1 Vp-p 
Rext ................... ' ................................................ 10 Kohms 

VOLP, VOLM, Serial Clock Frequency (SCLK) .......................... < 25 MHz 
VOHP, VOHM .................. GND - 0.3V to VCC2 + 0.3V AC Coupling Capacitors ................................. > 0.0001 fJF 

Input Current per pin ........................................... ± 25 mA 
Package Dissipation 

at Ta = 25°C (Surface Mount) .......................... 1.5 Watts 
Junction Temperature ............................................ + 150°C 
Storage Temperature ................................ -65°C to + 150°C 

ELECTRICAL CHARACHTERISTICS 
The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCC1 = VCC2 = 5 volt ± 10%, Ta = O°C to 70°C, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 
Input and Output coupling capacitors = 0.0047 fJF 
RB1 = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 
RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 
Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, Read/Write bits = 0 
Digital timing measured at l.4V midpoint 
Input control signals from 10% - 90% of VCC1 with (tr = tf) < 5 ns. 

SYMBOL PARAMETER CONDITIONS 

DC CHARACTERISTICS 

ICC VCC Supply Current RBl = RB2 = INF 

Ipd Standby Current VIN =0 

DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 

VIL Low Voltage 

VIH High Voltage 2.0 

IIH High Current 

ilL Low Current 

CIN Input Current 

-DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 

tpw-CS Width of CS, High/Low 25 

tsu-SDATA SDATA Setup time to SCLK 15 

twSDATA SDATA Hold Time 5 

tsu-CS CS Setup Time to SCLK 15 

twCS CS Hold Time to SCLK 0 

tpwSCLK SCLK Pulse Width 20 

twSCLK CS Inactive to SCLK Active 125 

'Micro Linear 
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1.0 flA 
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ELECTRICAL CHARACHTERISJICS 

SYMBOL I . PARAMETER CONDITIONS MIN TYP. MAX UNITS' 

EQUALIZER (NORMAL AND LOWPASS OUTPUT) ., 

AG Absolute Gain 50·54.= 0, FO·F5'.= 0 at 1 MHz ·1.5 ·0.5 0.5 dB 

CF Cutoff Freqilency, -3dB SO-54 = 0, (-3dB slimming.) 
(fret'= 1 MHz) F5 F4 F3 F2 Fl FO (fel 

0 0 0 0 0 0 12.15 13.50 14.85 MHz 
0 0 0 0 0 1 11.54 12.82 14,10 MHz 
0 0 0 0 1 0 11.04 12.27 13.50 MHz 
0 0 0 1 0 0 10.13 11.25 12.38 MHz 

.', "0 •• 0 0 1 0 0 0 8.68 9.64 10.60 MHz 
0 1 0 0 0 0 6.75 ' 7.50 8.25 MHz. 
1 0 0 0 0 0 4.67 5.19 5.71 MHz 
1 1 1 1 1 1 2.82' 3.13 3.44 MHz 

5L Slimming Level FO-F5 = 0; at CF 
(Gain at CF Referred to AG, 54 53 52 51 SO 
Vout= lVp-p 0 0 0 0 1 -lA -2.4 -3.4 dB 

0 0 0 1 0 -'0.9 . -1.9 -2.9 dB 
0 0 1 0 0 -0.0 -0.9 -1.9 dB 
0 1 0 0 0 -0.2 " 0:8 1.8 dB 
1 0 0 0 0 2.4 3.4 4.4 dB ,. 1 1 1 1 5.9 6.9 7.9 dB 

GO Diff Group Delay Fref = 5.0MHz, FO-F5 = 0 ·1 +1 ns 

,HD Harmonic Distortion FO-F5 = 0, 
., Second and Third related, Vout = 1.5Vp-p, Fin = 9.0MHz 

to Fundamental SO-54 = 0 (no slimming) -45 dB 
SO-54 = 1 (full slimming) ~46 dli 

ICN Idle Channel Noise FO-F5 = 0, VOL.P 
(VIN = 0, DC - 78MHz) SO-54 '" 0 (no slimming) 2 mVrm~ 

SO-54 = 1 (full slimming) 6 mVrms' 

DR Dynamic Range FO-F5 = 0, Fin = 13.5MHz 
(5ignal!(Noise + Distor)) SO-54 = 0 (no slimming) -41 dB 
Signal = 1 Vp-p SO-54 = 1 (full slimming) -35 dB 

P5RR Power Supply Rejection 100mVp-p sinewave on Vcc 
FO-F5 = 0, SO-54 = 0, Yin = 0 
Fin = 1.0MHz 40 dB 
Fin = 40MHz 30 dB 

DELP HI Phase Shift between LP All F's and 5'5 = 0 
" ' 

and HP Output Yin = 1 Vp-p, Fin", 9.0MHz 88 90 92 Degree 

ANALOG 

VIP Input Signal Monotonicity. All F's and 5'5 = 0, (VINP - VINM) 
Fin = 9.0MHz 1 2 Vp-p 

RID Differential Input Resistance VIN '" 1 OOmVp-p at 6.7MHz 1.3 2 3 Kohins 

CID Differential Input Capacitance ,VIN = 1 OOmVp-p at 6.7MHz 5 pF 

ZIC Common-mode 
Input Impedence 1 Kohms 

RPD Recovery from Pwr On Auto Zero function OFF 10 JJs 
Auto Zero function ON .TBD 

V05 Output Offset Voltage Differential VOLP or VOHP 
Auto Zero ON (SO-54 = 0 or 1) 20 mV 
Auto Zero OFF (SO-54 = 0) 300 mV 
Auto Zero OFF (50c54 = 1) TBD mV 



ML6005 

ELECTRICAL CHARACHTERISTICS 

SYMBOL I PARAMETER CONDITIONS MIN TYP. MAX UNITS 

ANALOG (Continued) 

ROD Output Resistance Differential VIN = 0; at 6.7MHz 5 Ohms 

COD Output Capacitance Differential VIN = 0; at 6.7 MHz 8 pF 

ROC Output Resistance Common mode 
Common Mode VIN = 0; at 6.7MHz 5 Ohms 

COC Output Capacitance Common mode 
Common Mode VIN = 0; at 6.7MHz 15 pF 

CLSE Load Capacitance VOLP; RBl = 750 ohms 50 pF 
VOHP; RB2 = 750 ohms 50 pF 

RLSE Load Resistance VOLP 400 Ohms 
VOHP 400 Ohms 

RLOZ Input Resistance Diff; PD and/or RW bit = 1 350 Ohms 

lOB Output Buffer Bias Current VOLP or VOHP, VOLM or VOHM 1 1.4 mA 

losc Short Circuit Output Current VOLP or VOHP, VOLM or VOHM 50 100 mA 

SBA Stopband Attenuation SO = 0 at 2CF 

FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6005 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 13.5 MHz filter bandwidth in a 
1.5iJ/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6005 filter consists of a 6th order Bessel low-pass 
and a 2nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group
delay characteristics. The corner frequency is digitally 

TBD dB 

programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. 

In a typical application, the ML6005 is used together with 
a pulse detector such as the ML541, ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6005 
input and the output of the ML6005 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6005 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6005 input and 
output common mode voltage biases are generated on
chip. The ML6005 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6005 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 

'Micro Lil1ear 



ML6005 
EQUALIZER FILTER TABLE 1: TABLE OF SLIMMING LEVEL 

The filter transfer function is composed of a second order 
PROGRAMMING VALUES 

numerator and a sixth order denominator. The low GAIN AT STEPS 

frequency attenuation is set internally to OdB. The S4 S3 S2 Sl SO K Fc (dB) (dB) 

numerator realizes two zeros symmetrical symmetrical to a a a a a a - 3.0 
the imaginary axis, one in the left and the other in the a a a a 1 1 -2.4 0.6 
right half plane. The location of the zeros is a a a a 2 - 1.9 0.5 
programmable. This realizes a digitally programmable a a a 1 1 3 1.4 0.5 pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. a a a a 4 - 0.9 0.5 

The slimming level is controlled by 5 bits in the control a a a 5 -0.4 0.5 
register, thus providing 32 different choices between 0 to a a a 6 - 0.0 0.4 
10 dB. The denominator approximately realizes a a a 1 7 0.4 0.4 
maximally flat group delay (Bessel) function with a a 1 a a a 8 0.8 0.4 digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different a a a 1 9 1.2 0.4 
cutoff frequencies. a a a 10 1.5 0.3 

SLIMMING LEVEL 
a a 1 11 1.9 0.4 

a a a 12 2.2 0.3 
The slimming levels generated by the slimming bits are a a 13 2.5 0.3 
shown below. There are 5 bits of control, 50 - 54. The a 1 a 14 2.8 0.3 typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at fc in dB is also a 15 3.1 0.3 

given by the formula: a a a a 16 3.4 0.3 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) a a a 1 17 3.7 0.3 

a a a 18 4.0 0.3 
where K = 0, 1, ... 31 a a 1 1 19 4.2 0.2 

CUTOFF FREQUENCY a a a 20 4.5 0.3 

There are 6 bits in the control register that controls the a a 1 21 4.7 0.2 

position of the cutofffrequency, FO - FS. The typical a 1 a 22 5.0 0.3 

values of the cutoff (-3dB) frequency are shown in the a 1 21 5.2 0.2 
table below for the case when 50 - 54=0 (no slimming). 1 a a a 24 5.4 0.2 
There are a total of 64 frequencies available from a a 25 5.7 0.3 
13.SMHz down to 3.13MHz. Bits Fl - FS will select one 
of 32 frequency settings in a monotonic fashion. Bit FO is a a 26 5.9 0.2 

used to shift the whole frequency setting range by 5% a 1 1 27 6.1 0.2 
lower than each of the 32 settings given by Fl - F5. This a a 28 6.3 0.2 
offers a scheme to increase the effective resolution of the a 1 29 6.5 0.2 
cutoff frequency programmability. This feature is specially a 30 6.7 0.2 
usefu lin the higher frequency range, where the 
granularity is coarse. 31 6.9 0.2 

For example: 
Cutoff frequency = 12.27 MHz with (FS - Fl, FO) = 

By setting FO = 0, (00001, 0) Delta = 0.55 MHz 

Cutoff frequency = 13.50 MHz with FS - Fl = 00000 and Hence frequency delta between consecutive settings is 

Cutoff frequency = 12.27 MHz with FS - Fl = 00001, the lower, thus higher resolution. 

next consecutive setti ng. In the table 2 below, the cutoff frequencies are shown as 

Frequency delta between consecutive settings = 1.23 two columns depending on the FO bit being zero or one. 

MHz or about 9% of 13.50 MHz. The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 

By setting FO = 1, we can shift the consecutive cutoff the 5% frequency circuitry, the monotonicity between the 
frequency settings as follows: two columns cannot be guaranteed. This is especially 

Cutoff frequency = 13.50 MHz with (FS - F1, FO) = 
significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 

(00000,0) settings becomes very close « 1 %). Further tuning of the 
Cutoff frequency = 12.82 MHz with (FS - F1, FO) = cutoff frequency down to the 1 to 10% range can be 
(00000, 1) Delta = 0.68 MHz achieved by modifying the value of the external resistor 
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from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below: 

f =( 13.5x(1-FOxO.05) x lOKohmS)MHZ 
c [1+O.lxINT(Nj2)] Rext 

OUTPUT BUFFER 

The output buffer is the final stage of the ML6005 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1.4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 

ML6005 
SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATAline is serially shifted into the 
register on falli!:!g edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). FO should be 
shifted in first, and F,13 (the .Q2wer-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the fi Iter outputs to 20mV. 

TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING VALUES IN MHZ 

F5 F4 F3 F2 Fl N 

000 0 0 0 

00000 

000 0 2 

000 0 

00004 

000 0 

000 6 

000 1 

o 0 008 

o 0 o 0 

o 0 o 10 

o 0 o 
o 0 o 12 

o 0 o 
o 0 14 

o 0 
o o 0 0 16 

o 000 

o o 0 18 

o o 0 
o o o 20 

o o 22 

o o o 
o o 0 24 

o o 1 

o o 26 

o o 0 
o 1 0 28 

o o 
o 30 

o o 
o 0 0 0 32 

fc with 
FO = 0 

13.5 

12.27 

11.25 

10.38 

9.64 

9.0 

8.44 

7.94 

7.50 

7.1.1 

6.75 

6.43 

6.14 

5.87 

5.63 

5.40 

5.19 

N 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

29 

fc with 
FO = 1 

12.82 

11.66 

10.69 

9.87 

9.16 

8.55 

8.02 

7.54 

7;13 

6.75 

6.41 

6.11 

5.83 

5.58 

. 5.34' 

------------------~~~----~~~ 
fc with fc with 

F5 F4 F3 F2 Fl N FO=O N FO=l 

o 1 . 31 5.13 

000 34 5.00 

00 0 0 33 4.93 

o 0 1 o 36 4.82 

000 35 4.75 

o 0 1 38 4.66 

o 0 o 37 4.58 

o 1 0 o 40 4.50 

o 0 39 4.42 

o o 42 4.35 

o o 0 41 4.28 

o o 44 4.22 

o o 43 4.14 

o 46 4.09 

o o 45 4.01 

o 0 0 48 3.97 

o 47 3.89 

1 0 0 50 3.86 

000 49 3.77 

o 1 0 52 3.75 

o . 0 51 3.66 

o 1 54 3.65 

o o 53 3.56 

o 0 56 3.55 

o 0 55 3.47 
l' . 0 1 58 3.46 

o 0 57 3.38 

o 60 3.38 

o 59 3.29 

1 62 3.29 
,. 0 61 3.21 

63 3.13 

Note: N is the decimal value of the cutoff frequency bits (FS - FO), in the control 
register 
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TIMING DIAGRAM 

SCLK 

SDATA 

CSSETUP 
tSU'CS 

SETUP -+1 
tsU·SDATA 

SCLKWIDTH 
tl'W"SCLK - -

1 o~ 

Figure 1. 

I 0 

CONTROL REGISTER DEFINITION 

F13 F12 F11 Fl0F9 F8 F7 F6 F5 F4 F3 F2 Fl FO 

AZ PD RiW SLIMMING CONTROL FREQUENCY CONTROL 

AZ AutoZero 

PD Power Down 

RJw ReacJ.MIrite 

1 ,~ Autozero circuitry activa~ed 
0::: Autozero circuitry inactive 
1 = Chip is in power down mode 
0; Chip is fully powered up 
1 = Write data' mode 
o = Read data mode 

APPLICATIONS CIRCUIT/TESTSETUP 

0.OO4711F 

0-1 (7) 

VIN VOL 

0.0047I1F 

0-1 (8) (2) 

FILTER 

< SERIAL I'P IIF > 
VOH 

(10) (19) 
REXT 

.100pF 

0.0047I1F 

J-o 

0.0047I1F 

J-o 
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REF LEVEL 
-IS.000dB 
-15.oo0dB 

/DIV 
5.000dB 
5.000dB 

@) 

MARKER 3 385 752.200Hz 
MAG (UDF) -25.348dB 
MARKER 3 385 752.200Hz 
MAG (04) -36.371dB 

@ (iii) 
/' 

... 
..... 1-" ~ "'\ 

~ -, 
\ 1\ 

1~ ~i\ 2A ~ i\ 
r\ , , 

\ ~ 
\ , 

~ 
1M 10M 

START 500 OOO.OOOHz STOP 50 OOO.OOOHz 

Filter Response (Lowpass Output) 

Shown are the ML6005 filter response at three different 
cutoff frequency (fc) settings. Setting 1 = 3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fc settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 

REF LEVEL 
40.000nSEC 
40.000nSEC 

~ 
~ 

IDiV 
1.000nSEC 
1.0oonSEC 

/ 
Jf 

" 
START 100 OOO.OOOHz 
AMPTD 50.119mV 

/ 
/ 

."" 
"-

MARKER 10 415 500.ooHz 
DELAY (UDF) 39.387nSEC 
MARKER 10 415 500.oo0Hz 
DELAY (UDF) 39.413nSEC 

VOH 

VOL 

VOH 

VOL 

(~ 

- " ci: ~ 
~ 
\\ , 

STOP 50 OOO.OOOHz 
DELAY APER 2.392MHz 

ML6005 Filter/Equalizer group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (VOL) and bandpass (VOH) outputs, 
at an fc of 13.5 MHz, with on slimming activated (A) and 

. full slimming activated (B). It can be seen that the group 
delay tracking between the lowpass and bandpass outputs 
is well within 1 ns. 

REF LEVEL 
-15.000dB 
-15.000dB 

IDiV 
5.000dB 
5.00OdB 

® ...... 
/" 

/ ~/ 
/.. ......-: I'" ::::~ 

V .. ~ i""" ~f1' 
~ ./ " IIIII~ 
, 

i==~ 

1M 

START 500 OOO.ooOHz 

ML6005 
MARKER 3 385 752.200Hz 
MAG (UDFj ~25.27OdB 
MARKER 3 385 752.200Hz 
MAG (04) -36.157dB 

(8) ':iii' -
)( "-
/ ~ \ 
2~@ \. 
~ I"-. 
\\ " 
\ i\ \ \ 

\ 
\ 1\ \ 
\ \ " 10M 

STOP 50 ooO.OOOHz 

Filter Response (Bandpass Output) 

Shown are the ML6005 filter response at three different 
cutoff frequency (fel settings. Setting 1 = 3.13 MHz, 2 = 
6.75 MHz and 3 = 13.5 MHz. At each of the fcsettings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 

REF LEVEL 
-90.00Odeg 

1M 

10lv 
l.00Odeg 

MARKER 13 632 170.100Hz 
PHASE (UOF) -89.709deg 

""1\ 

10M 

START 500 OOO.OOOHz STOP 50 OOO.OOOHz 

Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 10 MHz. 

ML6005 FILTER/EQUALIZER CHARACTERISTICS 
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ORDERINGJNFORMATION 

. PART NUMBER TEMPERATURE RANGE PACKAGE 

ML60Q5CR O°C to +70°C 20-Pin SSOP (R20) 

,"."./ ... 
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PRELIMiNARY 

ML6006 

36 Mbps Read Channel Filter/Equalizer 
GENERAL DESCRIPTION 

The ML6006 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 36Mbits/s, with 
an operating power dissipation of less than 350mW. its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. it consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The user can independently 
adjust both the corner frequency, as well as the slimming 
level. The desired frequency response is programmed by a 
14-bit serial input data stream which includes one bit for 
power-down, one bit for read/write control, and one bit 
for auto-zero control. The read/write control is also 
provided by a hardware pin. The ML6006 is well suited 
for constant density recording systems (Zoned-bit 
recording) as well as for constant data rate systems. A 
24 Mbits/s version, ML6005 is also available. 

BLOCK DIAGRAM 
VCCI GND NC 
(13) (4, 5, 9, 11) (6, 12, 16) 

I I I 
I I I 

VINP(7) 
1000 

FEATURES 

• 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

• Disk Data rates up to 36 Mbit/s 

• Programmable filter cutoff frequency 
(4.3:1 range in 64 steps) 
(fc = 4.69 to 20.25 MHz) 

• 32 step programmable pulse slimming equalization, 
o to 1 Od B boost at fc. 

• Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

• Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

• Fully I/O balanced architecture with TIL/CMOS 
compatible interface 

• High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

• Double buffered data latch for synchronous or 
asynchronous data loading. 

• Single 5V ± 10% power supply 

• ODC - 70DC operating temperature 

• Available in 20-pin SSOP package. 

• 4 GHz/1.5jJ BiCMOS process 

• Power Dissipation: Popr = 350mW, Pdn = 7.5mW 

VCC2 
(3) 
I 

I 

~HMS 
~ 

LOWPASS 
FILTER 

SLIMMER 
OUTPUT 
BUFFERS 

VOLP(I) 

VOLM(2) 

VOHP(20) 

VOHM(19) 

1000 
OHMS 

VINM(8) 

I 
I 

i t 
I I 

BIAS 
CIRCUITS 

I 
I 

REXT 
(10) 

POWER 

DOWN 

CONTROL REGISTER 
(14-BITS) 

I I 
I I I I 

SCLK SDATA CS Rtw 
(18) (17) (15) (14) 
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PIN CONNECTION 

;20cPin SSOP 

VOLP 

VOLM 

VCC2 

GND 

GDN 

NC 

VINP 

VINM 

GND 

REXT 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME 

1 VOLP 
2 VOLM 

3 VCC2 

4,5, GND 
9,11 

7 VINP 
8 VINM 

10 REXT 

13 VCC1 

14 R,rw 

FUNCTION 

Normal Lowpass outputs 

Positive supply for the output 
drivers, 5V± 10% ' 

Ground 

Signal Inputs 

A 10K resistor between this pin and 
ground sets the filters corner 
frequency 

Positive supply, 5V ± J 0% 

Read/Write .Control pin. A low 
input level allows normal operation 
of the filter in the read mode. A 
high level input puts the filter in the 
write mode, where the input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response. A TIL 
input. Additionally a metal mask 
option is available to configure this 
pin as either power down enable or 
frequency boost disable 

PIN# 

15 

17 

18 

19 
20 

6,12, 
16 

VOHP 

VOHM 

SCLK 

SDATA 

NC 

Cs 

i!W 
VCC1 

NC 

GND 

NAME 

CS 

SDATA 

SCLK 

VOHM 
VOHP 

NC 

5-222 'Micro .Linear 

FUNCTION 

Control Register Enable. A logical 
low level allows the SCLK i,nput to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TIL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred tontrol register 
clock input. A TIL input. 

Differentiated lowpass outputs 

No Connects, reserved for future 
use. 



ML6006 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
VCC1, VCC2 ...................................... , ................ +6.5 volts VCCl = VCC2 ........................... : .............. + 5 volts ± 10% 
VINP, VINM, REXT, -CS, SCLK, VIN '" (VINP-VINM) ................................................ 1 Vp-p 

SDATA, -R/W ................... GND - O.3V to VCCl + O.3V Rext ................................................................... 1 0 Kohms 
VOLP, VOLM, Serial Clock Frequency (SCLK) .......................... < 25 MHz 

VOHP, VOHM .................. GND - 0.3V to VCC2 + 0.3V 
Input Current per pin ........................................... ± 25 mA 

AC Coupling Capacitors ................................. > 0.0001 fJF 

Package Dissipation 
at Ta = 25°C (Surface Mount) .............. , ........... 1.5 Watts 

Junction Temperature ...... : ..................................... + 150°C 
Storage Temperature ........ : ........................ -65°C to + 150°C 
Lead Temperature (Soldering 10 sec) ....................... 260°C 

ELECTRICAL CHARACTERISTICS 
The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCCl = VCC2 = 5 volt ± 10%, Ta = O°C to 70°C, Rext = 10 Kohms 
VIN = (VINP - VINM) = 1 Vp-p sinewave input 
VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 
Input and Output coupling capacitors = 0.0047 fJF 
RBl = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 
RL = 1000 (1000) ohms and CL = 50 (50) pF on pins 1 (19) and 2 (20) 
Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, Read/Write bits = 0 
Digital timing measured at l.4V midpoint 
Input control signals from 10% - 90% of VCCl with (t, = tl) < 5 n·s. 

SYMBOL I PARAMETER CONDITIONS MIN 

DC CHARACTERISTICS 

ICC VCC Supply Current RB1 = RB2 = INF 

Ipd Standby Current VIN =0 

DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 

VIL low Voltage 

VIH High Voltage 2.0 

IIH High Current 

III Low Current 

ClN Input Current 

DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 

tpw-CS Width of CS, High/Low 25 

tsu-SDATA SDATA Setup time to SCLK 15 

twSDATA SDATA Hold Time 5 

tsu-CS CS Setup Time to SCLK 15 

tH-CS CS Hold Time to SCLK 0 

tpH-SClK SClK Pulse Width 20 

twSClK CS Inactive to SClK Active 125 

'-Micro Linear 

TYP. MAX UNITS 

mA 

mA 

0.8 V 

V 

1.0 flA 

-1.0 flA 

5 pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ELECTRICAL CHARACtERISTICS 

SYMBOL PARAMETER " CONOITIONS' 

EQUALIZER (NORMAL AND LOWPASS OUTPUT) 

AG Absolute Gain .. ' SO-54 = 0, FO-F5 = 0 at 1 MHz -1.5 -0.5 0.5 d~ 

CF Cutoff Frequency, -3dB SO-54 = 0, (-3dB slimming) 
(f,ef = 1 MHz) F5 F4 F3 F2 Fl FO (fel 

0 0 0 0 0 0 18.23 20.25. 22.28 MHz 
0 0 0 0 0 1 17.n 19.24 21.16 MHz 
0 0 0 0 1 0 ·.16.57 ,18.41 2.0.25 ',MH:>; 
0 0 0 1 0 0 15.19 16.88 18.57 MHz 
0 .0 1 0, 0 0 13.01. 14.46 15.91 MHz 
0 1 0 0 0 0 10.13 ... 11.25 12.38 MHz 
1 0 0 0 0 0 . 7.01 : . '7~79; 8.57 MHz 
1 1 1 1 r 1 4.22 '4.69 5.16 MHz 

5L Slimming Level FO-FS = 0; at CF 
(Gain at CF Referred to AG, 54 53 52 51 SO 
Vout= lVp-p 0 0 0 0 1 -1.4 '-2A ~3.4 dB 

0 0 0 1 0 -0.9 -1.9 -2.9 dB 
0 0 1 0 0 -0.0 -0.9 -1.9 dB 
0 1 0 0 0 -D.2 0.8 1.8 dB 
1 0 0 0 0 2.4 '3.4 4.4 dB 
1 1 1 1 1 5.9' 6.9 7.9 dB 

GO Diff Group Delay Fref = 7.5MH!", FO-FS= 0 •. -1 +1 ns 

HD Harmonic Distortion FO-fS= 0, 
Second and Third related Vout = 1.5Vp-p, Fin = ,13.5MHz 
to Fundamental SO-54 = 0 (no slimming) -45 dB 

SO-54 = 1 (full slimming) -4d dB 

ICN Idle Channel Noise FO-F5 = 0, VOLP 
(VIN = 0, DC ~ 78MHz) SO-54 = 0 (no slimming) 2 mVrms 

SO-54 = 1 (full slimming) 6 mVrms 

DR Dynamic Range FO-F5 = 0, Fin = 13.5MHz 
(5ignal!(Noise+ Distor)) SO-54 = 0 (no slimming) -41 dB 
(Signal = 1 Vp-p) SO-54 = 1 (full slimming) ,35 dB 

P5RR Power Supply Rejection 100mVp-p sinewave on Vcc 
FO-F5 = 0, SO-54 = '0,. Yin = 0 
Fin = 1.0MHz 40 dB 
Fin = 40MHz 30 dB 

' .. 
DELP HI Phase Shift between LP All F's and 5'5 = 0 

and HP Output Yin = lVp-p, Fin = 13.5MHz 88 90 92 Degree 

ANALOG . .. 

VIP Input Signal Monotonicity All F's and 5's = 0, (VINP - VINM) .. 
Fin = 13.5MHz 1 2 Vp-p 

RID, Differential Input Resistance VIN = 100mVp-p at 10MHz 1.3 2 3 Kohms 

C1D Differential Input Capacitance VIN = 100mVp-p at 10MHz 5. pF 

ZIC Common-mode 
'Input Impedence 1 Kohms 

RPD Recovery from Pwr On Auto Zero function OFF 10 IJs 
Auto Zero function ON TBD 

V05 Output Offset Voltage Differential VOLP or VOHP 
Auto Zero ON (SO-54 = 0 or 1) 20 mV 
Auto Zero OFF (50-54= 0) 300 mV 
Auto Zero OFF (SO-54 = 1) TBD mV 
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ML6006 

ELECTRICAL CHARACTERISTICS 

SYMBOL. I PARAMETER CONDITIONS MIN TYP. MAX I UNITS 

ANALOG (Continued) 

ROD Output Resistance Differential VIN = 0; at 10M Hz 5 Ohms 

COD Output Capacitance Differential VIN = 0; at 10 MHz 8 pF 

ROC Output Resistance Common mode 
Common Mode VIN = 0; at 10MHz 5 Ohms 

COC Output Capacitance Common mode 
Common Mode VIN = 0; at 10MHz 15 pF 

CLSE Load Capacitance VOLP; RB1 = 750 ohms 50 pF 
VOHP; RB2 = 750 ohms 50 pF 

RLSE Load Resistance VOLP 400 Ohms 
VOHP 400 Ohms 

RLOZ Input Resistance Diff; PO and/or RW bit = 1 350 Ohms 

lOB Output Buffer Bias Current VOLP or VOHP, VOLM or VOHM 1 1.4 mA 

lose Short Circuit Output Current VOLP or VOHP, VOLM or VOHM 50 100 mA 

SBA Stopband Attenuation SO = a at 2CF 

FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6006 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. Aunique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 20 MHz filter bandwidth in a 
1.SfJ/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique ta adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PlL for tuning. 

The ML6006 filter consists of a 6th order B·essel low-pass 
and a 2nd order cosine equalizer stage. It is made up of . 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group
delay characteristics. The corner frequency is digitally 

TBD dB 

programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming ~ 
two real-symmetric zeroes, through the seria·1 .. 
microprocessor interface. This boosts the high frequency 
response in 32 steps from 0 to 10 dB. 

In a typical application, the ML6006 is used together with 
a pulse detector such as the MLS41, ML4041 or the 
ML8464 , making up.a section of the AGC loop. Thus, the 
output of theAGC amplifier is AC coupled to the ML6006 
input and the output of the ML6006 is AC coupled not 
only to the rectifier input thus closing the. AGC loop, but 
also to the pulse detector input. The ML6006 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6006 input and 
output common mode voltage biases are generated on
chip. The Ml600S consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML600S processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the black diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 
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Ml6006 
EQUALIZER FILTER TABLE 1: TABLE OF SLIMMING LEVEL 

The filter transfer function is composed of a second order 
PRQGRAMMINGVALUES 

numerator and a sixth order denominator. The low GAIN AT STEPS 
frequency attenuation is set internally to OdB. The S4 S3 S2 S1 SO K Fc (DB) (DB) 

numerator realizes two zeros symmetrical symmetrical to 0 0 0 0 0 0 - 3.0 
the imaginary axis, one in the left and the other in the 0 0 0 0 1 1 -2.4 0.6 

. right half plane. The location of the zeros is 0 0 0 0 2 - 1.9 0.5 
programmable. This realizes a digitally programmable 

0 0 0 1 3 - 1.4 0.5 pulse slimming function in order to overcome intersymbol 
interfer~nce and thus contribute to increasing bit density. 0 0 1 0 0 4 ,0.9 0.5 
The slimming level is controlled by 5 bits in the control 0 0 0 1 5 - 0.4 0.5 
register, thus providing 32 different choices between 0 to 0 0 0 6 -0.0 0.4 
10 dB. The denominator approximately realizes a 0 0 7· 0.4 0.4 
maximally flat group delay (Bessel) function with a 

0 1 0 0 0 8 0.8 0.4 digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 0 0 0 9 1.2 0.4 
cutoff frequencies. 0 0 1 0 10 1.5 0.3 

SLIMMING LEVEL 
0 0 11 1.9 0.4 
0 1 0 0 12 2.2 0.3 

The slimming levels generated by the slimming bits are 0 0 1 13 2.5 0.3 
shown below. There are 5 bits of control, 50 - 54. The 

0 0 14 2.8 0.3 typical gain of the equal izer at the cutoff frequency is 
0 

.' 
1 1 15 3.1 0.3 shown in the table below. The gain at fe in dB is also 

given by the formula: 0 0 0 0 16 3.4 0.3 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 0 0 0 1 17 3.7 0.3 

where K = 0,1, ... 31 
0 0 1 0 18 4.0 0.3 
0 0 1 19 4.2 0.2 

CUTOFF FREQUENCY 0 0 0 20 4.5 0.3 

There are 6,hits in the control register that controls the 0 0 21 4.7 0.2 

. position of the cutoff frequency, FO - F5. The typical 0 1 0 22 5.0 0.3 
values of the· cutoff (-3d B) frequency are shown in the 0 1 23 5.2 0.2 
table below for the case when 50 - 54=0 (no slimming). 0 0 0 24 5.4 . 0.2 
There are a total of 64 frequencies available from 0 0 25 5.7 0.3 
20.25MHz down to 4.69MHz. Bits Fl - F5 will select olle 
of 32 frequency settings in a monotonic fashion. Bit FO is 1 0 1· 0 26 5.9 0.2 

used to shift the whole frequency setting range by 5% 0 1 27 6.1 0.2 
lower than each cif the 32 settings given by Fl - F5. This 0 0 28 6.3 0.2 
offers a scheme to increase the effective resolution of the O. 29 6.5 0.2 
cutoff frequency programmability. This feature is speCially 

1 0 30 6.7 0.2 
useful in the higher frequency range, where the 
granularity is coarse: 31 6.9 0.2 

For example: 
Cutoff frequency = 18.41 MHz with (F5- F1, FO) = 

By setting FO = 0, (00001, 0) Delta = 0.83 MHz 

Cutoff frequency = 20.25 MHz withF5 - Fl = 00000 and Hence frequency delta between consecutive settings is 

Cutofffrequency = 18.41 MHz with F5 - Fl '= 00001, the lower, thus higher r~solution. 

next consecutivesetti ng. . In the table 2 below, the cutoff frequencies are shown as 

Frequency delta between consecutive settings = 1.84 two columns depending on the FO bit being zero or one. 

MHz or about 9% of 20..25 MHz .. The monotonicity isguaranteedwithin the individual 
frequency columns, however because of the limitations of 

By setting FO = i, we can shift the consecutive cutoff the 5% frequency circuitry, the monotonicitY'between the 
frequency settings as follows : twocolumtis cannot be guaranteed. This is especially 

Cutoff frequency = 20.25 MHz with (F5 - F1, FO) = significant at.the lower end of the frequency range, where 
the'difference in frequencies between the two column 

(00000,0) settings becomes very close « 1 %). Further tuning of the 
Cutoff frequency = 19.24 MHz with (F5 - Fl, FO) = cutoff frequency down to the 1 to 10% range can be 
(00000, 1) Delta = 1.01 MHz achieved by modifying the value of the external. resistor 

5-226 



from its ideal 1 0 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the fi Iter. The corner frequency is 
given by the formula outlined below: 

f =(20.2SX(I-FOXO.OS) x IOKOhms] MHz 
c [1+O.lxINT(N/2)] Rext 

OUTPUT BUFFER 

The output buffer is the final stage of the ML6006 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1.4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2Y. 

ML6006 
SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on falli!!g edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). FO should be 
shifted in first, and F13 (the .QQwer-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20mV. 

TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING V_A_L_U_ES_IN_M_H_Z ____ --::--:::-___ -:--:-:::--
fc with fc with fc with fc with 

F5 F4 F3 F2 Fl N 

o 0 0 0 0 0 

o 0 0 0 0 

o 000 2 

o 000 

000 o 4 

000 o 
000 6 

000 

o 0 008 

o 0 () 0 

o 0 o 10 

o 0 o 
o 0 o 12 

o 0 o 
o 0 14 

o 0 
o o 0 0 16 

o 000 

o o 0 18 

o 001 

o o 0 20 

o o 22 

o o o 
o o 0 24 

o o 1 

o o 26 

o o 0 
o o 28 

o o 1 

o 1 30 
o o 

o 0 0 0 32 

FO = 0 N FO = 1 F5 F4 F3 F2 Fl N FO = 0 N FO = 1 

20.25 0 1 31 7.70 

18.41 

3 

16.88 

5 

15.58 

7 

14.46 

9 

13.50 

11 

12.66 

13 

11.91 

15 

11.25 

17 

10.66 

19 

10.13 

9.64 

21 

9.20 

23 

8.80 

25 
8.44 

27 

8.10 

29 
7.79 

19.24 

17.49 

16.03 

14.80 

13.74 

12.83 

12.02 

11.32 

10.69 

10.13 

9.62 

9.16 

8.74 

8.36 

8.02 

1 0 0 0 34 7.50 

o 0 0 0 33 7.40 

o 0 o 36 7.23 

000 35 7.12 

o 0 38 6.98 

000 37 6.87 

o 1 0 0 40 6.75 

o 0 39 6.63 

o 0 42 6.53 

000 41 6.41 

o 1 0 44 6.33 

o 0 43 6.21 

o 46 6.14 

o 1 0 45 6.01 

o 0 0 48 5.96 

o 1 1 47 5.83 

1 0 0 50 5.79 

000 49 5.66 

o 0 52 5.63 

o 0 51 5.50 
o 1 54 5.47 

o o 53 5.34 

o 0 56 5.33 

o 0 55 5.20 

o 1 58 5.19 

o 0 57 5.06 

9 60 5.06 

o 59 4.93 
62 4.94 

o 61 4.81 

63 4.69 

Note: N is the decimal value of the cutoff frequency bits (FS - FO), in the control 
register 
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TIMING DIAGRAM 
(s SETUP 

tSU-CS . 
SCLKWIDTH 

IpW-SCLK 
(sHOLD 

tH-CS 

SCLKWIDTH 
Ipw-SCLK 

- - -I J-1_SCLKHOLD 
IH"SCLK 

SCLK 

SDATA 

SETUP ~I 
tsu-SDATA 

I_HOLD 
tH-SDATA -

CONTROL REGISTER DEFINITION 

o 

Figure 1. 

F13 F12 Fll FlO F9 F8 F7 F6 F5 F4 F3F2 Fl FO 

AZ 

PD 

RW 

APPLICATIONS 
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AZ PD RW SLIMMING CONTROL 

AutoZero 

Power Down 

Read/Write 

1 = Autozero circuitry activated 
0= Autozero circuitry inactive 
1 = Chip is in power down mode 
0= Chip is fully powered up 

. 1 = Write data mode 
o = Read data mode 

0.0047I'F 

o-J (7) (1) 

YIN YOL 

O.OO47I'F 

o-J (8) (2) 

FILTER 

< SERIAL I'P I/F :> (20) 

YOH 

(10) (19) 
REXT 

100pF 

FREQUENCY CONTROL 

O.00471'F 

t-o 
(I000Q) ~AD 

RLOAD 

~OQ) 

0.00471'F 

t-o 
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REF LEVEL 
25.000dB 
25.000dB 

1M 

/DIV 
5.000dB 
5.000dB 

V 

START 500 OOO.OOOHz 

.,.,. .... ~ 
.... 

....... 

~ 

MARKER 21 848 415.800Hz 
MAG (UDF) 9.617dB 
MARKER 21 848 415.800Hz 
MAG (04) -3.166dB 

~ ""\. 

1\ 
~\~ -~\ 
'\ .. 

\ 1\ , , , 1 
~ ~ 

, 
10M 

STOP 50 OOO.OOOHz 

Filter Response (Lowpass Output) 

Shown are the ML6006 filter response at three different 
cutoff frequency (fc) settings. At each of the fc settings, the 
filter response is shown with no slimming and with full 
slimming activated. 

REF LEVEL 
31.000nSEC 
31.000nSEC 

\ 
L 

IDIV 
1.000nSEC 
1.000nSEC 

,~ .... 

START 500 OOO.OOOHz 

MARKER 20 338 750.000Hz 
DELAY (UDF) 29.593nSEC 
MARKER 20 338 750.000Hz 
DELAY (UDF) 30.446nSEC 

VOL (MIN)-

V~H(MIIN) "" ~ ,..... -
Z 'l' 

VOL (MAX)- '/ 
VOH (MAX)--' 

STOP 30 OOO.OOOHz 

ML6006 Filter/Equalizer Group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (VOL) and bandpass (VOH) outputs, 
with no slimming activated (min) and full slimming 
activated (max). It can be seen that the group delay 
tracking between the lowpass and bandpass outputs is 
well within 1 ns. 

REF LEVEL 
IS.ooodB 
IS.OOOdB 

/DIV 
5.000dB 
S.OOOdB 

~ ~ , 
1M 

START 500 OOO.OOOHz 

~ 

~~ 

ML6006 
MARKER 20, 391 123.200Hz 
MAG (UDF) 9.380B' 
MARKER 20 391 123.200Hz 
MAG (04) -3.190dB 

l/: ..... 1\. 

..,.4 '\ 
V " ./" '" ,~ 

\~ 
~ , 

10M 

STOP 50 OOO.OOOHz 

Filter Response (Lowpass and Bandpass Outputs) 

Shown are the ML6006 filter characteristic curves for the 
lowpass and bandpass outputs, with no slimming and full 
slimming activated. 

REF LEVEL 
-90.000deg 

1M 

IDIV 
0.50Odeg 

-fo"' .... 

MARKER 13 478 921.800Hz 
PHASE (UDF) -90.6S9deg 

" ~ \ 
\ 

10M 

START 500 OOO.OOOHz STOP 50 OOO.OOOHz 

Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
_90°. The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 10 MHz. 
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ORDERING .INFQ~MATION 
.. 

pART NUMBER .. TEMPERATURE RANGE .. PACKAGE 

: ML6005CR· 20-Pin SSOP(R20) 
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ADVANCED INFROMATION 

ML6007 

48 Mhps Read Channel Filter/Equalizer 
GENERAL DESCRIPTION 

The ML6007 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 48Mbits/s, with 
an operating power dissipation of less than 400mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (modified Bessel type) 
response, whereas the symmetric zeros provide the high
frequency boost necessary for pulse slimming. The user 
can independently adjust both the corner frequency, as 
well as the slimming level. The desired frequency 
response is programmed by a 14-bit serial input data 
stream which includes one bit for power-down, one bit for 
read/write control, and one bit for auto-zero control. Real
time power down control is provided by a hardware pin. 
Metal mask optiDns are available to configure this pin to 
realize Read/Write or Slimmer disable functions. The 
ML6007 is well suited for constant density recording 
systems (Zoned-bit recording) as well as for constant data 
rate systems. 

BLOCK DIAGRAM 

VCCI GND NC 

'I I' 
(13) (4,5,9,11) (6,12,16) 
I 
I I I 

VINP(7) 
1000 
OHMS 

FEATURES 

• 6-pole, 2-zero continuous time filter with < -4SdB 
harmonic distortion 

• Disk Data rates up to 48 Mbit/s 

• Programmable filter cutoff frequency 
(2.8:1 range in 64 steps) 
(fe = 9.37 to 27 MHz) 

• 32 step programmable pulse slimming equalization, 
o to 1 OdB boost at fe. 

• Power-down, Auto-Zero, R/W modes programmable 
through bits in the Control Register 

• Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

• Fully I/O balanced architecture with TTUCMOS 
compatible interface 

• High speed (upto 2SMHz clock) three wire serial 
microprocessor interface 

• Double buffered data latch forsynchronous or 
asynchronous data loading. 

• Single SV ± 10% power supply 

• Available in 20-pin SSOP package. 

• 4 GHz/1.Sf.l BiCMOS process 

• Power Dissipation: P opr == 400mW, P dn = 10mW 

VCC2 
(3) 
I 

I 

LOWPASS -
FILTER 

OUTPUT 
SLIMMER 

BUFFERS 

VOLP(I) 

YOLM(2) 

YOHP(20) 

YOHM(19) 

1000 
OHMS 

VINM(8) 

I 
I 

i t 
I I 

BIAS 
CIRCUITS 

I 
REXT 
(10) 

6 

POWER 

DOWN 

5 

CONTROL REGISTER 
(14-BITS) 

I I I I 
SCLK SDATA CS PDN 
(18) (17) (15) (14) 
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PIN CONNECTION 

20-Pin SSOP 

VOLP VOHP 

VOLM VOHM 

VCC2 SCLK 

GND SDATA 

GND NC 

NC cs 
VINP PDN 

VINM VCC1 

GND NC 

REXT GND 

TOPYIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

1 VOLP Normal Lowpass outputs 15 CS Control Register Enable. A logical 
2 VOLM low level allows the SClK input to 

3 VCC2 Positive supply for the output 
clock data into the control register 
via the SDATA input line. A logical 

drivers, 5V ± 10% high level latches the control 
4,5, GND Ground register contents and issues the 
9,11 information to the appropriate 

7 VINP Signal Inputs 
circuitry. A TTL input. 

8 VINM 17 SDATA Control Register Data. A TTL input 

10 REXT A 10K resistor between this pin and 18 SCLK Control Register Clock. Negative 
grou nd sets the fi Iters corner edge triggerred control register 
frequency clock input. A TTL input. 

13 VCC1 Positive supply, 5V ± 10% 19 VOHM Differentiated lowpass outputs 

14 PDN Power Down Control pin. A low 
20 \lOHP 

level input allows normal operation 6,12, NC No Connects, reserved for future 
of the filter. A high level input puts 16 use. 
the filter in the power down mode, 
a TTL input. Additionally a metal 
mask option is available to 
configure this pin as either READ/ 
WRITE or FREQUENCY BOOST 
DISABLE. 
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Users Guide 
Dave McKay 
Ram Gopalan ML600X - Filter/Equalizer Eval Board 

1.0 INTRODUCTION 

The ML600s/6 eval board provides a vehicle to 
conveniently evaluate the ML600s/6 Filter/Equalizer 
chips, intended for hard disk read channel applications. 
Detailed specifications of the part can be found in the 
ML600s/6 data sheet. The eval board consists of three 
BNC connectors for the input signal to the filter, the 
normal lowpass filter output and the differentiated 
bandpass output. The programming of the filter is 
accomplished with an interface to an IBM PC through the 
standard parallel printer port. An executable program is 
provided, which provides the user interface to program 
the various parameters of the filter, through this parallel 
port interface. 

2.0 EVALUATION BOARD 
DESCRIPTION & SETUP 

The filter response from the demo board can be evaluated 
with the help of a network analyzer (NA). Refer to a 
detailed schematic of the board attached. The demo board 
has one analog input and two analog outputs. The BNC 
from the SOURCE output of the NA is connected to the 
input BNC, V1N, of the demo board, which drives the one
to-one input transformer. The output side of the input path 
transformer is terminated with son to match the SOURCE, 
and is AC coupled to the input of the ML6005/6. The 
input of the ML600s/6 has an impedance of 1000n so the 
input corner frequency, with C = 0.0047I1F, is 33.8kHz. 

Both the outputs from the ML600s/6, the normal lowpass 
output and the differentiated bandpass output, are 
handled in the same way. Consider the 10w-pass,VOl 
path. The plus and minus outputs are both biased by . 
750n and are then AC coupled to 1000n resistors in 
series with the transformer inputs. 

The output side of the transformer goes directly to the NA 
where it is terminated by son. The 1000n resistors in 
series with the transformer inputs results in.an attenuation, 
since the transformer reflects the NA son load back to the 
input side; 1/2 of the son is in the plus-side circuit and 
1/2 is in the minus-side circuit so the attenuation is 
25/(1025) = 1/41 (-32.26dB). The NA gain/attenuation 
setting has to take this into account. This is for 
normalization and does not effect the shape of the 
frequency response curve. The eval board output coupling 
capacitors are 0.004711F and therefore each has a break 
point with its 1 ooon series resistor at 33.8kHz, the same 
as the corner frequency of the input coupling capacitors. 

The corner frequency and boost of the ML600s/6 are 
programmable through the serial interface. The upper left 
hand corner of the schematic shows the serial interface 
connection. As pointed out earlier, the programming of 
the ML600s/6 serial interface is done through the parallel 
port of an IBM Pc. The interface program suppiied with 
the demo board implements the three wire serial interface 
protocol to transmit the 14 control bits to the ML600s/6 
internal shift register. The LSB is transmitted first. For . 
details on the timing relationship'of the serial interface, 
please refer to the data sheet. CS is a active low signal that 
is asserted before the first data bit istransmitted. This 
signals the start of data being clocked into the control 
register and is de-asserted after thelast data bit is 
transmitted,which latches the data internally. SCLK is the 
clock signal of the three wire serial interface and has the 
negative edge active. NOTE: The last active lo~oing 
edge must remain low atleast150ns after the CS signal is 
de-asserted. SDATA is the active high serial data line. 

3.0 GETTING STARTED 

To start evaluation of the ML600s/6 using the Eval board, 
the following equipment will be required: 

- IBM PC-AT (or compatible) with 640K of RAM, a 
parallel printer port card and a mouse, (with a 
math co-processor, not mandatory) 

- A paiallel printer cable (shielded preferred) with a 
male connector on both ends. 

- A +5 volt power supply and banana plugs. 

~ A HP 3577 A Network Analyzer (or some other 
analyzer to see the frequency response). 

- 3 BNC cables, short cables recommended 

- ML600s/6 Eval board and interface program, 
(ver 2.0). 

The socket on the demo board has 24 pins whereas the 
ML6005/6 is a 20-pin SSOP package. Hence, ensure that 
pin one of the part is justified to pin one of the socket. 
Holding the board with the socket lid opening to the right, 
pin one is on the top left corner of the socket. Set up the 
PC and connect the parallel cable from LPTl or LPT2 to 
the demo board. Connect the +5V power and ground to 
the demo board with banana jacks. Connect the NA 
output or any other input source to VIN of the demo 
board. Connect the NA inputs to VOl and VOH of the 
demo board. . 
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The demo program is provided on a diskette and comes 
with a numb~r offile~. It is important that all the files 
reside 1n':th.e'same directory that the ".exe" file is executed 
from. Hence.follow these steps to install the program on 
<;lrive c: 

--:t)'pe A: <enter> 

- type INSTALL.BAT <enter> 

The program will be installed on your C: drive and will 
automatically start execution. If the user quits, from the 
program' il.~d wishes to restart the demo program again, 
then 'vVhile ,in the ml600x directory 

- type uLDEMO;BAT <enter> 

The first sc;:reen (refer screen#l in attached figure), comes 
up with th~ Micro Linear logo and asks the user to let the 
program know the para"e'.port selected ( LPTl or LPT2 ) 
and the device under test ( ML6005 or ML6006 ). In 
addition the Eval board shows the frequency response of a 
6th order Bessel including the effect due to the (0.0047J.!F) 
input and output coupling capacitors. It asks the user to 
program the sta,rt and stop frequency values for this 
frequency response display. NOTE: This ideal Bessel 
response is shown to give a feeling' of the frequency 
response. The actual filter response is embellished by the 
finer realizations in actual silicon implement'ltion. Having 
done that, click on the run box to get the operating screen 
which allows the user. to change the parameters of the 
filter, or click on the quit box to end the program ' 
altogether. 

The main operating screen (refer screen #2in attached 
figure), allows the entry of three pieces of information; the 
mode bits, the boost values and the corner frequency 
values. The mode bits viz. power down, read/write, and 
autozero are shown as toggle switches and can. be turned 
on or off, as desired, using the mouse. The cutoff 
frequency is seen asa sub-window in the main diaiog 
window., . 

This sub-window shows the cutoff frequency in MHz, the 
6 bit binary value of the cutoff frequency setting in the 
control register, and also the decimal value of this setting. 
The slimming boost options are seen as another sub
window in the main dialog window; This sub-windqw 
shows the boost values in dB, the five bit binary value of 
the boost setting in the control register, and also the 
decimal value of this setting.The values in the sub
windows can be changed by clicking on the up and down 
arrows seen at the edge of the box Qr if the user clicks 

. once with the cursor inside the sub-windo';\!, a menu pops 
up showing the vario\Js values available for that sub
window. Keeping the mouse button pressed at'the last line 
scrolls the sub-window. Movingthe mouse one line up, 
with the button pressed, stops the scrolling. Move the 
mouse to the desired setting, while keeping the Qutton 
pressed, and release for selecting that setting. In the 
bottom of the dialog box is a sub-window shpwing the 
current progr'lmmed conlents of the control register. In 
addition, there is a SERIAL SEND box, clicking on which, 
sends the programmed information, over the serial 

! }. . .~ . . , 

interfaceto·thechip. How"Eiver;, ff theAl!TO SEND bOI< is 
selected, thEm whenever any of the information is updated 
inthe dialogwindow, the control register is automatically 
updated in a real-time manner. When the user clicks on 
the PLOT bOX, the frequency response is plotted on the 
screen; based.on the current control register parameters. 

,lithe AI,JTO PLOT box is selected, then every time the 
control register parameters are updated, the plot on the 
screen is also automatically lipdated. The ERASE' box is 
used to clear the plot on the screen. If the OVERLAY box 
is selected then the multiple frequency response curves 
are overlayed, one:on top of the previous one, as long as 
the original scale can handle the responses; However if 
the most current response plot requires.a change of scale 
on the Y~axis, then all the previous plots will be erased. 
Hence, if the previous plots need to be retained, even if 
the most current plot needs a different scale, then the 
LOCK GRAF box needs to be selected. 

Clicking on the RETURNbox, takes the user back to the 
first screen. It should be noted that the frequency response 
shown on the screen is an ideal bessel tYPe. response, and 
hence is not an exaCt representation of the filter transfer 
funCtion implemented inside the chip. 

4.0 SAMPLE EVALUATION 
EXPERIMENTS 

Caution: Before running any tests onthe.eval board 
using the Network Analyzer, be sure to normalize it for 
its own interna,l phase errors •. , 

Normalization on the HP network analyser is done by 
setting' the receiver ATTEN to 20dB and connecting the 
SOURCE via a BNC cable directly back to 1NPUT A. Set 
up the frequency range etC. and press TRIGGER to get a 
sweep and then press MEASR CAL. Aftercaliberation set 
the receiver ADEN to OdB. Outlined below are some of 
the evaluation experiments. 

4.1 POWER OOWN MODE TEST 

Put a current meter in series with the demo board's +5V 
power supply and monitor the currentiri both the power 
down state.arid the non power.down state. This measured 
current includes the drop through the external bias 
resistors. Therefore, to get an accurate value subtract the 
current due to the 7500 extern'll bias resistors, 
approximately 1 O.7rnA, and the 501lA current due to the 
pull-up resistor R9. 

".2 READ/WRITE CONTROL -FUN.cTION TEST 

Set the R\iV bit on and. off in the control register and 
measure the input impedancein each state:,ln the read 
mode, with the bit low, the differential input impedance is 
2k, while in the write mode the impedance is)500. The 
Read/Write mode can be controlled throughthe serial 
interface or by the switch provided on the eval board 
(optional.). The filter provides a clamping of the input to 
protectagai nst transients generated du ri ng a write to read 
transition. 
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4.3 FREQUENCY RESPONSE MEASUREMENTS 

At maximum fe, no slimming and full slimming 

At minimum fe, no slimming and full slimming 

- Normallowpass output (VOL), refer graph 1 

- Differentiated Bandpass output (VOH ), refer graph 2 

4.4 GROUP DELAY TRACKING 

Tracking between the normallowpass output (VOL) and 
the differentiated bandpass output 

REF LEVEL /DIV 
-lS.000d8 5.0oOdB 

t:::::: /1 

2 

1M 
START 500 000. OOOHz 

MARKER 4 891 251.000Hz 
MAG (UDF) -24.45Od8 
MARKER 4 891 2S 1.oo0Hz 
MAG (D4) -35598d8 

~ 
V \ 

\ ""0. 
\ \ 

!\ 1\ 
1\ \ 

\ \ 
10M 

STOP 50 000. 800Hz 

Graph 1 
(Frequency Response - Lowpass) 

REF LEVEL IDiV 
-15.00Od8 S.OOOdB 

.L 
/ 1--""2 

~ V 
~ P' 

.# 
P' 

? 
1M 

START 500 000. 800Hz 

MARKER 4 891 251.000Hz 
MAG (UDF) -24.193d8 
MARKER 4 891 251.000Hz 
MAG (04) 35341dB -

r-. 
1 V 3 1\ 

Y 
\ I------

V 41,\ 

\ 1\ 
\ 
\ \ 
\ \ 
\ 

10M 
STOP 50 000. OOOHz 

Graph 2 
(Frequency Response - Bandpass) 

1 Fe = 4.84 MHz 
SLIM = MAX 

2 Fe = 4.84 MHz 
SLIM = MIN 

3 Fe = 20.25 MHz 
SLIM = MAX 

4 Fe = 20.25 MHz 
SLIM = MIN 

1 Fe = 4.84 MHz 
SLIM = MAX 

2 Fe = 4.84 MHz 
SlIM=MIN 

3 Fe = 20.25 MHz 
SLIM = MAX 

4 Fe = 20.25 MHz 
SlIM=MIN 

.ML600X User Guide 
(VOH) for both cases of no slimming and full slimming. 
Refer to graph 3, showing that the group delay tracking is 
within 1 ns within the frequency range of interest. 

4.5 LOG PHASE 

Phase Difference between the normal lowpass output and 
differentiated bandpass output. Refer to graph 4, which 
shows that the phase difference is actually within 10 for 
the frequency range of 5 to 20MHz. 

REF LEVEL IDiV 
32.000nSEC 1.000nSEC 
32.000nSEC 1.000nSEC 

I 
\ 
\ 

~ 
~ 

START 100 000. 800Hz 
AMPTD 50.119mV 

MARKER 4 884 OOO.ooOHz 
DELAY (UDF) 32.126nSEC 
MARKER 4 884 OOO.OOOHz 
DELAY (04) 32040nSEC 

~ 0 1""'. 

STOP 30 000 000. OOOHz 
DELAY APER 2.392MHz 

"" 
:::... 
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SLIM,. MIN 

VOH & VOL 
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Graph 3 
(Group Delay) 

REF LEVEL IDIV 
-90.000deg 1 .000deg 

1M 
START 500 000. OOOHz 
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I---. 
--......., 

"-
1\ 

10M 
STOP SO 000 000. OooHz 

Graph 4 
(Phase Error - VOH VS. VOL) 
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ML6005/6 EVAL BOARD BOM 

DESCRIPTION 

Transformer T1, T2, T3 

2S pin D-shell connector, j1 

BN(, right angle, female, 
PC mount 

Power inputs, banana jacks 

Slide Switch, SW1 

Resistors, metal film 1/4 watt 
R2 
R3,R4,RS,R6 
Added transformer input resistors 
(in series with C6, C7, C8, C9) 
R7, R8 (now wire jumperd) 

Capacitors 
ClO, Tantalum 
C1, C2 ceramic 
C6,C7,C8,C9 
C2 

IC- ML6006 

o 

VENDOR 

Mini-circuits 

Pan Pacific 

Pomona 

Pomona 

Alco 

son 
7S0n 
1000n 

1.01lF 
O.lIlF 
O.0047IlF 
100pF 

Micro Linear 

PART# QUAN 

Tl-6T 3 

DRB-2SSR 

model 4788 3 

tss11 

2 

4 
4 

2 
4 
1 

o 

00 
00 

00 

00 
0 0 
00 
00 

ML6Q05J6006 DEMO 0 
MADE IN USA D 

REV 

Eval Board Component Layout 
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'Micro Linear 
2092 Concourse Dr. San Jose, CA 95131 

••• WELCOME 10 MICRO LINEAR's FILTER DEMO' •• 

I Salect pnnter port for Demo Board. I 
LPT1 B 
LPT2 U 

Select Device: 
ML6005 n 
ML6005 a 

Set 'Ideal Bessel Plot' Param's: 

I Start Frequency: I I Stop Frequency: I 
110000.00 II 7.008+7 I 

'Micro Linear I' MLa005/6 Programmable Electronic Filter '1 
2092 Concourse Dr. San Jose, CA 95131 

I· ...... ·· ........ Slimming (dB) ................. ·11· ......... • ... Cutoff Frequency (MHz) ·········_···1 
Gain@ _Bits_ ...--Bits--... 

Bit 13 Bn 12 Bitll K Fc(dB! 10. 9 8 7 6 N Fe 5 4 3 2 I 0 
Auto Zero PDB RW ~ 00 -3.0 0 0 0 0 o 11~loo 20.25 0 0 0 0 0 01 

On ~ On ~ Write ~ 
Off Off Read N K RW PDB IV. 

~ 1-3.0 dB at 20.25 MHz: 00 00 0 0 11 S~nd Serial 1 
o Auto Send 

: '" I Ideal Bessel Filter ResEonse I ... o Aula Plot 

100 

~ 
~ 

50 o Overlay 
o LoekGrt 

0 
~ 0 10 100 

,'.' 

ML6006/ML6005 EvalBoard User Interface Templetes. 
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PRELIMINARY 

ML6010 

Integrated Disk Read·Channel Processor 
GENERAL DESCRIPTION 

The ML601 0 Integrated Disk Read Channel Processor, 
incorporates a pulse detector, two channel gated servo 
peak detectors, a data synchronizer, a partial frequency 
synthesizer, a (1,7) RLL encoder/decoder and write 
precompensation circuitry onto a single chip, providing a 
complete read channel solution for hard disk drive 
subsystems. The chip receives serial NRZ data from the 
disk controller, encodes the data into (1,7) RLL code with 
precompensation and writes to the disk. In the read mode 
it peak detects preamplified read pulses for both data and 
embedded servo information, resynchronizes the data, 
and decodes the (1,7) RLL data back to NRZ. The chip 
operates at data rates up to 36 Mbits/s with three levels of 
write precompensation, set with an external capacitor and 
a pulse detector with less than 1 ns of pulse pairing. The 
ML6010 supports constant density recording (CDR) 
applications with an onboard charge pump and VCO for 
the frequency synthesizer and requires an external phase 
detector and M & N dividers to realize a complete 
frequency synthesizer. It is set to interface directly to 
ML6005/6 family of BICMOS filter/equalizer chips with 
programmable cutoff frequency and pulse slimming 
(equalization) capability. 

BLOCK DIAGRAM 
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LEVEL 
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GATEA~ __ --l--:~::-l 
GATEB"-t __ ---1 

[}lSCHARG,"'E, __ --t.==:::J 
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Z 

~ 
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~ 

« 
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Q 

'" 
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FEATURES 

• NRZ data rates up to 36 Mbits/s 

• Single +5 volt power supply +/- 5% 

• Operating power dissipation 700mW 

• Industry standard pulse detector circuitry with less than 
1 ns pulse pairing 

• Pattern~insensitive wide bandwidth AGC amplifier 

• Two channel gated servo peak detectors for embedded 
servo recovery 

• Industry standard fast acquisition PLL with zero phase 
start capabi I ity 

• VCO/Charge pump has greater than 3:1 tuning range 

• On-board frequency synthesizer charge pump and 
VCO for addressing ZBR applications 

• Interface to industry standard channel filtering/ 
equalizer chips like ML6005/6 

• Three level Write Data Precompensation support 

• (1,7) RLL encoding/decoding support 

• Available in a 52 pin QFP package 

~ 
\j ... ... ... ~ i!: z .: 
'" z ... 0 ... 

0 z 
~ ~ 3: ~ 3: 

~ 
0 u 

u u 
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GENERAL DESCRIPTION (Continued) digital gate array for adding user specific functions, thus 
allowing for customizable options of this feature set, 

The ML6010 is fabricated in a BiCMOS process (4GHz based on the user requirements. Some examples are the 
npn ft ; 1.5fJ CMOS) and operates. off of a single 5 volt optional servo demod outputs-,-unbuffered A,B,C,D, or 
supply. The ML601 Ois based on a semi-stahdard.tile array buffered A, Band A-B outputs; a 2,7 RLL Endec instead of 
(FC3560) witn built in unconmllhed gain stages for the the 1 ;7 .RLL Endec or maybe implement the M & N 
flexibility of user defined channel pulse detectorafjd/or dividers instead of the Endec, digital glul:!!etc. 
passive differentiator or matched delay applicati~ns and a 

PIN CONNECTION to; < g ~ 1.1 '" ,:!: ..!. 
CS ~ .t. I + ~ 1.1 Q 

Q 
i5 :I: :I: ~ 

.., ::> ::> z 
" 1.1. " 1.1 1.1 1.1 < 0 0 .., 

PEAKB IN+ 

GATEB IN-

PEAKA HYS 

GATEA LEVEL 

DISCHG HOLD 

VCCDS CRWD 

CVCOI 52-Pin QFP VCCFS 

CINn CVC02 

POun CINn 

VCOINI VCOIN2 

(;NDPLl TEST 

PUP CWPE 

PDN CWPN 

.' ~. 

Q z "" I~ 
,.. 1.1 Q ;0 '" Q .., .., 

~. z N g ::> " ~ 0 " " 3: S " g Q 3: .., 
" ~ 1.1 Q Z 

" z ~ 

PIN DESCRIPTION 

PIN# NAME . FUNCTION PIN# NAME FUNCTION 

PEAKB A capacitor or a capacitor in series 5 DISCHG TTL input (active high). When this 
with a resistor, connected between pin is forced to a TTL high, both the 
this pin and GNDA functions as servo peak detectors are discharged. 
a servo sample and hold for 

6 VCCDS Analog + 5 volt supply for data channe.l B. 
synchronizer related blocks. 

2 GATEB TTL input (active low) •. When. this 
7 CVCOl Capacitor between this pin and pin is forced TTL low, servo peak 

detector B is enabled. VCCDS sets up the VC.O center 
frequency for the dina synchronizer. 

3 PEAKA A capacitor or a capacitor in 
8 CINT1 Coarse input for data synchronizer series with a resistor, connected 

between this pin and GNDA loop fi Iter ti me constant setti ng. 

functions as a servo sample and 9 POUT1 Data synchronizer's charge pump· 
hold for channel A. output, drives the loop filter input. 

4 GATEA· TIL input (active low). When this 10 VCOIN1 Data synchronizer's VCO control 
pin is forced TTL low, servo peak .input, driven by the loop filter 
detector A is enabled. output. 
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PIN DESCRIPTION (Continued) 

PIN# NAME FUNCTION PIN# NAME FUNCTION 

11 GNDPLL Analog ground for data 27 CWPN RC network to setup the normal 
synchronizer and frequency delay time constant for write 
synthesizer. precompensation. 

12 PUP Charge pump input for the 28 CWPE RC network to setup the early delay 
frequency synthesizer (pump up). time constant for write 

13 PDN Charge pump input for the 
precompensation. 

frequency synthesizer (pump 29 TEST Reserved for test purposes. Must be 
down). tied to DGND for normal operation. 

14 DGND Digital ground. 30 VCOIN2 Fine input for the frequency 

15 NRZIN NRZ write data input from disk 
synthesizer loop filter time constant 

controller. This pin can be 
setting. 

connected to the NRZOUT pin to 31 ClNT2 Coarse input for frequency 
form a single bi-directional NRZ synthesizer loop filter time constant 
port if desired. setting. 

16 WCLK Write clock input synchronous with 32 CVC02 Capacitor between this pin and 
the NRZ Write data input. VCCA sets up the VCO center 

17 WD Write precompensated, active low 
frequency for the frequency 

(1,7) RLL encoded write data output 
synthesizer PLL. 

to the read/write amplifier. 33 VCCFS Analog +5 volt supply for frequency 

18 NRZOUT NRZ read data output to the disk 
synthesizer. 

controller. This pin can be 34 CRWD Capacitor between this pin and 
connected to the NRZIN pin to GNDAdetermines the write to read 
form a single bi-directional NRZ (input clamp) delay time, e.g. a 
port if desired. 1800 pF capacitor gives a delay 

II 19 RRC Read/Reference clock: a 
time of 3 us typo 

multiplexed clock source used by 35 HOLD TTL input pin (active low). When 
the disk controller. During mode this pin is forced low, all the 
change there will be no glitches on charging and discharging pathes on 
this line and no more than two lost the CAGC pin are disabled. The 
clock pulses will occur. When Read AGC amplifier now acts as a fixed 
Gate goes high, RRC synchronized gain amp. with the gain determined 
to the NRZ read data will be by the voltage on the CAGC pin. 
available after 19 read data pulses. 

36 LEVEL Emitter follower output, provides 
20 VCCD Digital VCC +5 volts. rectified signal level, which can be 

21 VCOCLKl An open emitter ECL output for 
used through a resistor divider 
network as a dynamic hysteresis 

testing purposes. control signal to the hysteresis pin. 
22 VCO/3 Divide by three output of the 37 HYS The voltage applied to this pin 

frequency synthesizer VCO clock determines the threshold level of 
output. the qualification channel. In a 

23 DRD 1/3 cell delayed read data for typical application, the signal on 
testing purposes. this pin is derived from the LEVEL 

24 RG Active high read gate input from the 
pin. 

disk control.ler. This signal is used to 38 IN~ AGC amplifier differential input, 
select the PLL reference input. 39 IN-i- AC coupled from the R/W amplifier. 

25 WG Active high write gate input from 
Signal range recommended 15 mV 

the disk controller. This signal is 
to 150 mVp-p differential. 

used to enable the write mode. 40 GNDA Analog ground. 

26 CWPL RC network to setup the late delay 
time constant for write 
precompensation. 
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PIN DESCRIPTION (Continued) 

PIN# NAME FUNCTION 

41 OUT- AGC amplifier differential outputs; 
42 OUT+ AC coupled to ML6005/ML6006 

filter chip. These pins have a 
current sink capability. of 2 mA 
typical. 

43 AGC5ET .' Voltage on this pin sets up the peak 
to peak differential voltage at the 
CH+/CH- pins when the AGC 
amplifiers are settled. 

Vp-p diff@CH+/CH-
:: 4 * (VAGCSET - VCCN2) 

44 CAGC AGC loop capacitor to GNDA 
Lead-Lag network may be used for 
different loop filter characteristics, if 
needed. 

45 VCCA Analog +5 volt supply for pulse 
detector and servo peak detector. 

46 CH+ Gating channel differential inputs to 
47 CH- hysteresis comparator, AGC . 

fullwave rectifier and two-channel 
servo peak detector. These are AC 
coupled from the lowpass output 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (VCCD) ............................ -0.3 to +7 V 
TIL Output Voltage (Vout) .......................................... 5.5 V 
TIL Input Voltage (Vin) .............................................. 5.5 V 
Differential Input Voltage (Vdif) ., ... ;.; ............. 3.0 or -3.0 V 
Analog Inputs , ......... ,; ....... ; ................ -0.3 to VCCA + 0.3 V 
Storage Temperature (Tstg) .. ; .......... , ............ -65 to + 150°C 
Maximum Junctio~ Temperature (Tjmax) ................. 125°C 

ELECTRICAL CHARACTERISTICS 

PIN# 

48 
49 

50 

51 

52 

NAME 

DIF+ 
DIF-

RD 

COS 

RDLY 

FUNCTION 

of the ML6005/ML6006 filter/ 
equalizer chip. Peak to Peak 
differential signal at these pins are 
determined by the DC voltage 
appliedtotheAGCSET pin. 

Time Channel zero crossing 
,comparator differential inputs. 
These are AC coupled from the 
differentiated (bandpass) outputs of 
the ML600X filter/equalizer chip. 

Pulse detector raw read data output. 
This signal internally goes to the 1/3 
cell delay block enroute to the data 
synchronizer. This is an ECL output. 

The capacitor betweenthis pin and 
the VCCAsets up the raw read data 
pulse width from the pulse detector 
section to the data synchronizer. 

Resistor between this pin and 
VCCDS sets the charging current in 
1/3 cell delay based on data rate 
range. 

OPERATING CONDITIONS 

DC Supply Voltage (VCCD) ........................ 5 +/- 5% VDC 
DC Supply Voltage (VCCA) ......................... S +/- 5% VDC 
Operating Temperature Range ....... , .................... 0 to 70°C 

PARAMETER CONDITIONS MAX UNITS· 

AGC Amplifier and liP Z-Clamp 

AGC 3dB bandwidth (Note 1) VCAGC = 2V, 60 MHz . , VIN(Diff) = 15 mVp-p 

Maximum AGC gain VCAGC= 2V, 100 .150 V/V 
VIN(Diff) = 15 mVp-p 

Minimum ACC gain VCAGC.= 3.5V, 5 10 V/V 
VIN(Diff) = 150 mVp-p 

AGC Control Range 27 dB 

AGC Control Sensitivity 37 dB/V 

Input Signal Range (Differential) 15 150 mV 

Output Signal Swing (Differential) VCAGC = 2.0V, 1.5 2.5 Vp-p 
VIN(Diff) = +/- 100 mVp-p 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

AGC Amplifier and lIP Z-Clamp (continued) 

Input Voltage Noise (Note 1) VIN = 0 V 20 nV/"Hz 

Differential Input Resistance Read Mode Vin+ = 2.575V 4.5 6.0 7.5 kohm 
Vin- = 2.425 

Differential Input Resistance Write Mode Vin+ = 2.575V 200 300 400 ohm 
Vin- = 2.425 

Common Mode Rejection Ratio (Note 1) Vin+ = Vin- = 100 mV 45 dB 
VCAGC =2V 

AGC offset ( !/P referred) VIN+ = VIN- = VCCN2 -4 4 mV 
VCAGC= 2V 

Power supply Rejection Ratio VCCA = 5V + 100 mVp-p 45 dB 
VCAGC= 2V, 

AGC output common mode bias VCCA = 5V, Vin+ = Vin- 2.7 3.0 V 

AGC capacitor bias current VCAGC = 3.5 V 1 20 flA 

AGC input offset voltage VCAGC=2 V, Vin+ = Vin- 400 mV 

AGC output sink current VCCA= 5V 1 2 3 mA 

AGC output resistance Measured on OUT +/OUT- 40 ohms 

CAGC voltage range 2.2 3.4 V 

Clamp Off time delay (Note 1) Crwd=1800 pF, VCAGC=2.0V, 2 2.5 3.0 fls 
Yin (diff)=5 mV 

Clamp Propagation Delay R W (Note 1) Crwd=1800 pF, VCAGC=2.0V, 15 100 ns 
Yin (diff)=5 mV 

AGCVOS vs Gain VCAGC=VCC/2 to VCC/2 + 0.25V -400 400 mV 

AGC Rectifier and Comparator 

Input signal range (Note 1) 2.0 Vp-p 

Input Bias voltage 40 50 60 %VCCA 

Input resistance (differential) 3.75 5 6.25 Kohms 

CAGC Output voltage @CAGC, Yin > VAGCSET VCCA- .8 V 
RCAGC = lOOK 
VAGCSET = VCCN2 + 100m V 

CAGC charge resistance Yin > VAGCSET 300 ohms 
VAGCSET = VCCN2 + 100mV 

CAGC clamped voltage (CAGCLMPV) Yin < VAGCSET 2.2 V 
VAGCSET = VCCN2 + 100mV 

AGCSET bias current VAGCSET = 2.5 V 1.5 10 flA 

CAGC Decay current Read, VCAGC=VCCA 4.7 flA 

CAGC leak current Hold Mode 0.03 0.5 flA 
VCAGC=CAGCLMPV + O.4V 

Hold On & Hold Off time 1 fls 
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. ELECTRICAL CHARACTERISTICS (Continued) 

PARAM~TER CONOITIONS . MIN TYP. . MAX . UNITS 

Zero Crossing Comparator 

Differential input signal range (Note 1) 1.5 .. Vp-p 

Differential input bias current @VCCN2 20 IJA 

Diff comparqtor offset voltage HYS = OV -3.0 + 3.0 mV 

Differentail input resistance 4.5 6.0 7.5 kohms 

Differential bias voltage ., 40 50 60 %VCCA 

Zero crossing comparator gain (Note 1) 65 dB 

Hystercs~s Comparatui 

HYS input signal range (Note 1) 1.5 Vp-p 

Peak Hysterisis vs HYS voltage 0.44 0.5 0.56 V 

HYS bias current 20 IJA 

LEVEL pin max output Clment 2 mA 

LEVEL pin output resistance 130 ohms 

Internal and Pulse Qualification One-shot 

Internal one-shot (tpw) (Note 1) 15 ns 

Pulse Qualification one-shot ( tpw ) Cos = 47 pF 35 ns 

Pulse Detector raw data VOH tvCCA-2Vbe V 

Pulse Detector raw data VOL VOH - 0.73 V 

Pulse PairingVdiff=1 Vp-p diff@ 5 MHz 0.5 1.0 ns 

Data Seperator Pll 

Phase Detector range +/- pi radians· 

Charge pump gain VII - VCOINI @DSVCC/2 125 flA 

Data Synch NCO max CVCOI = 10pF VCCDS 108 MHz 
RG =.,, WG = 0, 
VClNTl = VCCDS-l 
VVCOINI = VCCDS/2 

Data Syrich VCO range CVCOI = lOpF VCCDS 3:1 4:1 
RG= 1, WG =0, 
VClNTl = 1V to 4.2V 

Data Synch VCO Course Gain CVCOI = 10pF VCCDS 300 Mrad/sN 
RG = " WG=O, 
VClNTl = 2V to 2.5V 
WCOINI = VCCDS/2 

Data Sync VCO·fine Gain CVCOI = lOpF VCCDS TBD Mrad/sN 

RG = " WG = 0, 
VCINTI = VCCDS/2 
VVCOINI = 2V to 3V 

PLL jitter specifications 0.7 ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN· TYP. MAX UNITS 

Data Seperator PLL (continued) 

Data sync window center offset l%Tw +/·2 ns 

Maximum data rate (1,7 Rll) CVCOl = 10pF VCCDS 28 36 Mbits/s 
RG = 1, WG = 0, 

Frequency Synthesizer PLL 

Charge pump gain VII· VCOIN2 @VCCFS/2 125 fJA 

Freq Synthesizer NCO max CVC02 = 10pF VCCFS 108 MHz 
RG = 0, WG = 1, 
VClNT2 = VCCFS -1 
VVCOIN2 = VCCFS/2 

Freq Synthesizer VCO range CVC02 = lOpF VCCFS 3:1 4:1 
VClNT2 = 1 V to 4.2V 

Freq Synthesizer fine VCO gain CVC02 = 10pF VCCFS TBD Mrad/s/V 
VVCOIN2 = 2V to 3V 

Freq Synthesizer coarse VCO gain CVC02 = 10pF VCCFS 300 Mrad/s/V 
VClNT2 = 2V to 2.5V 
VVCOIN2 = VCCFS/2 

Servo Peak Detector 

Input signal range (differential) (Note 1) 1.5 Vp-p 

Servo demod voltage gain 2 V/V 

Offset mismatch between two chnls Yin = 1.5 Vp-p differential -20 +20 mV IE 
Output leakage current (ch disabled) GATE NB =1, DISCHG=O 10 fJA 

Servo demod discharge current R = 750 ohms 650 fJA 

Miscellaneous 

Operating power dissipation 750 1000 mW 

Write Precompensation time Cwpn=20pF, Cwpl=39pF 2 ns 
fWClK = 36 MHz 

Write Precompensation time Cwpn=100pF, Cwpl=200pF 20 ns 
fWClK = 7.2 MHz 

TTL compatible inputs and outputs 

Input low voltage ( Vil ) -0.3 0.8 V 

Input high voltage ( VIH ) 2.0 VCC + 0.3 V 

Input low current ( III ) Vil = OAV 004 mA 

Input high current ( IIH ) VIH = 2.7V 100 fJA 

Output low voltage ( VOL) IOl = 1 mA 004 V 

Output high voltage ( VOH ) IOH = -400 fJA 204 V 

Note 1: These parameters are guaranteed by design. They are not 100% tested and are not in outgoing quality level calculation. 
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FUNCTIONAL DESCRIPTION 

The ML601 0 provides the integralion.·ofmost of the 
functions associated with the implementation of disk read 
channel design up to 36 Mbits/s data rates. It incorporates 
a pulse deteCtor, two gated servo peak detectors, a data' 
seperator with fast acquisition capability, the charge pump 
and VCO functions for implementing a frequency 
synthesizer, write precompensation circuitry and a (1,7) 
RLL Endec. It is targeted at one/two platter 3 1/2" and high 
capacity 2 1/2" drives, where performance and capacity 
requirement take priority to power requirements, although 
the overall power requirements are much lower than 
earlier discrete block implementations. 

The Pulse Detector section includes a wide bandwidth 
differential amplifier with automatic gain control, a 
precision full wave rectifier, time channel and gate 
channel. User programmable equalization or pulse 
slimming, and CDR band selection is supported through 
an external filter chip (ML6006). The Pulse detector will 
support pulse pairing specifications less than +/- 1 ns; 

Two Gated Servo Peak Detectors are incorporated for 
recovery of embedded servo informa,tion. Optionally it 
can provide buffered (A,B and a position error signal
PES) low impedance outputs which represent the peak 
detected level of each servo burst. These voltages are 
suitable for digitizing by an ND conlierterand processed 
by the controlling processor, for head positioning. 

The Data Synchronizer incorporates a fast acquisition 
phase lock loop with zero phase start capabil ity and a 3:1 
tuning range. Precise decode window c;ontrolis 

ORDERING INFORMATION 

achievable using external components and the 1/3 cell 
delay automatically tunes to the synthesized frequency 
depending on the zone. The settling time is typically less 
than 2 ps which is well within the requirements, e.g. for 
36 Mbps data rate with 8 bytes of 3T preamble, and 
1 ,7RLL code the minimum settling time required equals: 

1/36 • 2 * 8 * 8 = 3.55 IJs 

The partial Frequency Synthesizer generates all necessary 
clocks for data encoding and synchronizer reference. The 
synthesizer requires external logic for the input divider (N) 
and feedback divider (M) programmirig and also uses an 
external loop filter, giving the user full control over the 
PLVs dynamics. 

The Endec employs the 2/3 (1,7) RLL code type and 
supports a hard sectored drive implementation. After the 
'index/sector pulse has been detected, an internal counter 
counts negative transitions of the incoming read data 
looking for thre~ consecutive "3T" pattern. Once detected 
the VCO lock process is established. The Write 
PrecompensatiQn circuitry, provides control of the normal, 
ear/y and late settings. 

The ML601 0 is fabricated in a BiCMOS process (4GHz 
nph ft ; 1.51J CMOS) and operates off of a single 5 volt 
supply and is based on the FC3560 semi-standard array. 
The tile array allows a number of configurable features to 
realize a ML6010 like read channel combo chip/with 
customized features and pinout. For more information on 
the configurable options contactthe factory; 

PARTNUMBER TEMPERATURE RANGE PACKAGE 

ML6010CG O°C to +70~C 52-Pin qFP (G52) 
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GENERAL DESCRIPTION 
The ML8464 is a Pulse Detector designed for use in 
magnetic disk applications to detect the amplitude 
peaks on the output of the read/write amplifier. These 
signal peaks are caused by flux reversal on the disk 
media, which when connected to the read/write 
amplifier result in an output consisting of a series of 
pulses of alternating polarity. The relative time position 
of these signal peaks is indicated by the leading edge 
of the TTL output pulses. The Pulse Detector 
accurately represents the time position of these peaks. 

The ML8464 contains three major blocks. The amplifier 
block contains a wide bandwidth differential amplifier 
with Automatic Gain Control (AGC) and a precision full 
wave rectifier. The time channel block includes a 
programmable differentiator followed by a bidirectional 
one shot multivibrator. The gate channel block 
includes a differential comparator with programmable 
hysteresis, a D flip-flop and an output bi-directional 
one shot multivibrator. The ML8464C internally 
connects the time channel output to the D flip-flop. 

BLOCK DIAGRAM 

AMP 
IN 

C 16 
AGe 

I 

6.5V 

GATE 
CHANNEL 

21 INPUT 22 

4V 

October 1990 

~L8464B, ~L8464C 

Pulse Detector 
FEATURES 
• Wide differential input signal range 20-660 mVp_p 
• TTL compatible digital Inputs and Output 
• Externally gain controlled input differential amplifier 
• Variable hysteresis comparator with gating circuitry 
• Differentiator with externally programmable time 

constants 
• Standard 12V power requirement 
• Available in 24-pin DIP package, or a 28-pin surface 

mount PCC 
• Improved pulse pairing (±1 ns max.) 
• Handles RLL (1, 7) or (2, 7) data to 24 MB/s 

ML84648 FEATURES 

• Direct replacement for DP8464B 

TIME 
CHANNEL 

2 INPUT 

4V 

DIFFERENTIAL 
COMPARATOR 
WITH 
HYSTERESIS 

1--____ +1,..2 ~~~ PULSE 

r----L--------f13 ~~~E 
IN 

(ML84868 
ONLY) 

11 20 15 10 14 

READ/WRITE VREF DIGITAL 
GROUND 

ANALOG SET CHANNEL 
GROUND HYSTERESIS ALIGNMENT 
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PIN CONNEalONS 

CD+ 

TIME CHANNEL INPUT + 

SET H'I'STEIi~SIS 

V'E' 

NC 

AMPIN+ 

AMPIN

NC 

Vee 

SET PUlSE WrDTH 

CD-

TIME CHANNEL INPUT -

GATE CHANNEL INPUT 

, GATE CHANNEL INPUT 

ANALOG GROUND 

AMP OUT-

AMP OUT + 

DIGITAL GROUND 

CAGe 

CHANNEL ALIGNMENT OUT 

READ/WRITE ENCODED DATA OUT 

TIME PULSE OUT TIME PUlSE IN' 

(TOP VIEW> 
NC = No Connect 
, THIS PIN IS A NO CONNECT ON THE ML8464C. 

PIN DESCRIPTION 
NAME FUNCTION 

Amp In+, Amp In- Differential inputs to the Ampli
fier. The output of the read/write 
head amplifier should be capa
citively coupled to these pins. 

Amp Out+, Amp Out- Differential outputs of the 
Amplifier. These outputs should 
be capacitively coupled to the 
gating channel filter and to the 
time channel filter. 

Gate Channel Inputs Differential inputs to the AGC 
block and the gating channel. 
Must be capacitively coupled 
from the Amp Out. 

Time Channel Input+, Differential inputs to the time 
Time Channel Input- channel differentiator. A filter is 

required between these pins and 
Amp Out pins to band limit the 
noise and to correct for any 
phase distortion due to read 
circuitry. Also inputs must be 
capacitively coupled to prevent 
disturbing the DC input level. 

CD+, CD- External differentiator network 
is connected between these 
two pins. 

Set Hysteresis DC voltage on this pin sets the 
amount of hysteresis on the 
differential comparator. 

VREF AGC circuit adjusts the gain of 
the amplifier to make the differ
ential peak to peak voltage on 
the Gate Channel. Input is four 
times the DC voltage on this pin. 

CAGe External capacitor between this 
pin and Analog ground is 
connected for the N:JC 

'",'. 

TIME, , 
SET ' , CHANNE~ 

H'I'STERESIS~ CD+ /INPUT-
TIME I GATE CHANNEL CHANNEL 

V'E' INPUT + CD- INPUT 
\ \ I I 

GATE CHANNEL INPUT 

ANAlOG GROUND 

AMP OUT-

NC 

AMPIN+ 

AMPIN- 28-Pin PLCC AMP OUT + 

Vee 

NC 

NC 

DIGITAL GROLiNO 

CAGe 
12 13 14 15 16 17 18 

, ;' I \ \' SET , TIME ENCODED NC 
PULSE PULSE DATA OUT 

WIDTH OUT CHANNEL 
READ/WRITE ' TIME PUlSE IN' ALIGNMENT 

NAME 

Set Pulse Width 

Read/Write 

Channel Alignment 

Time Pulse In 
(ML8464B only) 

Time Pulse Out 

Encoded Data Out 

Vee 
GND 

AGND 

FUNCTION 

External capacitor between this 
pin and Digital ground is 
connected to control the pulse 
width of the Encoded Data Out. 

TIL input. When low, the chip is 
in read mode and active. When 
High, the chip is forced into 
stand by mode. 

Buffered output of the differ
ential comparator with hysteresis. 
This output is TIL on the 
ML8464B, and is open emitter 
on ML8464C. The ML8464C is 
specified with a 2KCl pull-down 
resistor to ground., 

This is the TIL input to the 
clock of the D flip-flop. Usually 
it is connected to the Time 
Pulse Out pin. 
ML8464B: This is the TIL output 
from the bidirectional one shot 
following the di'fferentiator. 
Usually it is connected to the 
Time Pulse In pin. 
ML8464C: Open emitter-follower 
test point. 

TIL output. Leading eqge of 
this pin indicates the time 
position of the peaks. 
12V power supply. 

Digital ground. Digital signals 
should be referenced to this pin. 

Analog ground. Analog signals 
should be referenced to this pin. 
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FUNCTIONAL DESCRIPTION 
The output from the read/write amplifier is AC coupled 
to the amp input of the ML8464. The amplifier's output 
voltage is fed back via an external filter to an internal 
fullwave rectifier and compared against the external 
voltage on the VREF pin. The AGC circuit adjusts the 
gain of the amplifier to make the peak to peak 
differential voltage on the Gate Channel Input four 
times the DC voltage on the VREF. Typically the signal 
on the amp out will be set for 4Vp_p differential. Since 
the filter usually has a 6dB loss, the signal on the Gate 
Channel Input will be 2Vp_p differential. The user 
should therefore set O.5V on VREF which can be done 
with a simple voltage divider from the +12V supply or 
other suitable reference. 

The peak detection is performed by feeding the output 
of the amplifier through an external filter to the 
differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this 
will be at the peaks. However, if the signal exhibits 
shouldering, the differentiator will also respond to noise 
near the baseline. To avoid this problem, the signal is 
also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel is 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......................................... 14V 
TIL Input Voltage ...................................... S.5V 
TIL Output Voltage ., .................. ,............... S.SV 
Input Voltage ........................................... S.5V 
Differential Input Voltage ................................ + 3V 
BfA for 24-Pin Plastic DIP (Copper Lead Frame) .... 60°C/Watt 
BfA for 28-Pin PLCC (Copper Lead Frame) ......... 60°C/Watt 
Storage Temperature Range ................ -65°C to +1S0°C 

ML8464B,ML8464C 

comprised of a differential comparator with hysteresis 
and a D flip-flop. The hysteresis for this comparator is 
externally set via the Set Hysteresis pin. In order to 
have data out, the input amplitude must first cross the 
hysteresis level which will change the logic level on the 
D input of the flip-flop. The peak of the input signal 
will generate a pulse out of the differentiator and 
bidirectional one shot. This pulse will clock the new 
data at the D input through to the output. In this way, 
when the differentiator is responding to noise at the 
baseline, the output of the D flip-flop is not changing 
since the logic level into the D input has not been 
changed. The comparator circuitry is therefore a gating 
channel which prevents any noise near the baseline 
from contaminating the data. The amount of hysteresis 
is twice the DC voltage on the Set Hysteresis pin. For 
instance, if the voltage on the Set Hysteresis pin is 0.3V, 
the differential AC signal across the gate channel input 
must be larger than 0.6V before the comparator will 
change states. In this case, the hysteresiS is 30% of a 2V 
peak to peak differential signal at the gate channel 
input. 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 
OYer recommended operating conditions of TA = 0 to 70De; Vee = 12.0V ± 10%, VREF = 0.5\1, Set Hysteresis = 0.3\1, 
Read/Write .. O.BV unh~ss otherwise noted. (All pin numbers refer to DIP package.) . 

SYMBoL PARAMETER MJN lYP I MAX UNITS' . CONDITIONS 

AMPLlFJER . ,". .. .. 

ZINAI Amp In Illlpedance 0.8 1.0 1.5 kQ 

AYMIN Min Voltage Gain 6.0 VIV AC Output 4Vp_pDifferential. 

Avw;x Max Voltage Gain 180 VIV AC Output 4Vp_p Differential 

VCAGC Voltage on CAGC 4.5 5.5 V Ay = 6.0 
2.8 3.4 V Ay = 180 

GATE CHANNEL 

ZINGCI Gate Channel In'put Impedance 1.75 2.5 3.25 kO 

ICAGe- Current that charges CAGC -1.5 -2.5 -3.5 mA Pin 16 = 3.9V 
Pin 21 - Pin 22. = 1.3V 

ICAGc+ Current that discharge!; CAGC 1 5 p.A .Pin 16 = 5.0V 
Pin 21-Pin 22 = 0.7V 

IVREF VREF Input Bias Current -0.01 -100 p.A 

VTHAGC AGC Threshold 0.88 1.0 1.12 V Pin .16 = 4.2V See Note 1 

ISH Set Hysteresis Bias Current -60 -100 p.A 

VTHSH Set Hysteresis Threshold 0.48 0.6 '. 0.72 V . See Note 2 

TIME CHANNEL 

ZiNTC Time Channel Input Impedance 3.5 5 65 kO 

ICD . Curre.nt into pins 1& 24 that 2.1 2.7 3.4 mA 
discharges CD 

WRITE MODE 

ZINAI Amplifier Input Impedance in 100 SOO 0 Pin 11 = 2V 
Write Mode 

ICAGC Pin 16 Current in Write Mode 1.0 5.0 p.A Pin 11 = 2V 
Pin 16 = 3.9V 
Pin 21 - Pin 22 = 1.3V 

DIGITAL PINS 

VIH High Level Input Voltage 2.0 V ML8464B: Pins 11, 13 

Vll Low Level Input Vpltage 0.8 V ML8464C: Pin 11 

VI Input Clamp Voltage -1.5 V Vcc = 10.8\1, II = -18mA 

IIH High Level Input Current 20 p.A Vcc = 13.2\1, VI = 2.7V 

II Input Current at Maximum 1 mA Vcc = 13.2\1, 
Input Voltage VI = 5.5\1 

III Low Level Input Current -200 p.A V CC = 13.2\1, VI = O.5V 

VOH High Level butput Voltage 2.4 V Vcc = 10.8\1, VIOH = -40p.A 
See notes 3, 7 

VOl Low Level Output Voltage 0.5 V VCC = 10.8\1, IOl = 800p.A, see note. 7 

losc Output Short Circuit Current -100 mA Vcc = 13.2\1, Va = OV. 

Icc Supply Current 54 75 mA Vcc = 13.2V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 
Over recommended operating conditions of TA = 0 to 70°C, VCC = 12.0V ± 10%, VREF = O.sv, Set Hysteresis = 0.3V, 
Read/Write = 0.8V unless otherwise noted. (All pin numbers refer to DIP package.) 

SYMBOL 1 PARAMETER MIN TYP' MAX UNITS .1 CONDITIONS 

DIGITAL PINS (Continued) 

VOHCA Channel Alignment Pin VOH (Note 3) 
ML8464B 2.4 V IOH =-4OpA 
Ml8464C 7.6 V 101<0 load to GND 

VOlCA Channel Alignment Pin VOl (Note 3) 
Ml8464B 0.4 V IOL = 800pA 
Ml8464C 6.9 V 101<0 load to GND 

VOHTP Time Pulse Out Pin VOH 
Ml8464B 2.4 V 101<0 load to GND 
Ml8464C 9.6 V 101<0 load to GND 

VOlTP Time Pulse Out Pin VOl 
Ml8464B 0.4 V 101<0 load to GND 
Ml8464C 8:6 V 101<0 load to GND 

AC ELECTRICAL CHARACTERISTICS 
Over recommended operating temperature and supply range of Vcc = 10.8 to 13.2V, TA = 0 to 70°C. 

SYMBOL PARAMmR MIN TYP MAX UNITS CONDITIONS 

Ml8464-1 
tp_p Pulse Pairing ±o.S ±1.0 ns 

Ml8464-1.5 
f = 2.SMHz 

tp_p Pulse Pairing" ±0.8 ±l.S ns 
VIN = 4OmVp_p differential 
See note 4 

Ml8464-2 
tp_p Pulse Pairing ±1.S ±3.0 ns 

Note 1: The N:.C threshold is defined as the voltage across the gate channel input when the voltage on CAGe is 4.2Y. 
Note 2: The Set Hysteresis threshold is defined as the voltage across the gate channel input when the channel alignment output voltage 

changes state. 
Note 3: To prevent inductive coupling from the digital outputs to amplifier inputs, the TIL outputs should not drive more than one AlS TIL 

load. 
Note 4: The filter and differentiator network are described in the pulse pairing set-up .. 
Note 5: All limits are guaranteed by 100% testing or alternate methods. 
Note 6: The 1.5 ns pulse pairing specification is available only on the Ml8464C, not the Ml8464B; 
Note 7: Ml8464B: Pins 12, 14, 15. 

Ml8464C: Pins 14 and 15 only. 
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Ml84648, Ml8464C 

Rl Cl L1 

R2 

C5 
0.3V 

R3 
0.5V 

C7 
0--1 20 

INPUTS ML84,""B, . 19 
CD 

0--1 MLB4,""C 
18 

17 

+12V 16 

10 15 
C6 R7 R5 R6 

C9J 11 14 

-= 
0.3V 

READ/WRITE DATAOUl 

PULSE PAIRING SET UP 
, 

PARrS. LIST 

R1 .......... c ......... 2200 C1 ....•............... 82pF 
R4 .................... 6800 C2, C3, C6 ........... O.01IlF 
R2, R3 ................. 2400 C;4 .........•.•....... 100pF 
R5, R6 ..•..••......... 3.31<0 C5 .................... 15pF 
R7 ................... 1001<0 C7, C8 ......... , .. 0.OO221lF 
L 1 ....... ,............. 1.5IlH C9 ............. :: ..... 47pF 
L2, L3 ...•........ ,... 4.71lH 

* The connection between pins 12 and 13 is required o,ply. for the ML8464R 

PULSE PAIRING MEASUREMENT 
The scope probe is connected to pin 14 (Encoded Data 
Out) and triggered off of its positive edge. The trigger 
holdoff is adjusted so that the scope first triggers off 
the pulse associated with the positive peak and then off 

the pulse associated with the negiltivepeak. Pulse '. 
pairing is displayed on the second pair of pulses on the 
display. If the second pair of pulses are separated by 
6ns, then the pulse pairing. for the part is ±3ns. 
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Ml8464B, Ml8464C 

ML8464C 

TIME PULSE IN 
IS NO CONNEG 

CHANNEL VOH = 1.6V TYP 
ALIGN rrEST POINn VOl = 1.0V 2K LOAD 

ML84648 

r---------------------, 

TTL 
OUTPUT 

CHANNEL 
ALIGN OUT TTL 

I 

I 

I 

I 
____ ..J 

'Micro Linear 

TIME PULSE OUT 
rrEST POINn 

VOH = 9.6V TYP 
VOl = 8.6V 10K LOAD 

TTL 
OUTPUT 

TIME PULSE OUT 
TTL 

VOl = .4V MAX 
VOH = 2.8V MIN 

TIME PULSE INPUT 
TTL 

Vil =.BV MAX 
VIH = 2.4V MIN 
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Ml8464B,ML8464C 

DIFFERENCES BElWEEN ML8464C AND ML8464B 

THE EXTERNAL DElAY 

The ML8464B open circuits the digital signal at pins 12 
and 13. This allows for the insertion of ali external 
delay filter. The ML8464C has no TTL buffers at these 
pins and closes the signal path internally bringing out a 
test point at pin 12. Hence, the ML8464 does not allow 
for the external delay. 

TEST POINTS 

The ML8464B has two TTL test points at pins 12 and 15. 
The ML8464C uses open emitter followers in an ECL 
configuration. Hence, the voltage levels are not similar 
at pins 12 and 15 on both devices. The typical voltage 
level at pins 12 are VOH = 9.6V, VOL = 8.6V and at pin 
15 are VOH = 1.6V, VOL = 1.0V. 

ORDERING INFORMATION 

PART NUMBER TEMP. RANGE 

ML8464C-1CP O°C to +70°C 
ML8464C-lCQ O°C to +70°C 
ML8464C-1.5CP O°C to +70°C 
ML8464C-1.5CQ O°C to +70°C 
ML8464C-2CP O°C to +70°C 
ML8464C-2CQ O°C to +70°C 

ML8464B-1 CP O°C to +70°C 
ML8464B-1CQ O°C to +70°C 
ML8464B-2CP O°C to +70°C 
ML8464B-2CQ O°C to +70°C 

N:;C GAIN CONTROL FACTOR 

The AGe reference level is a DC voltage externally set 
at VREF (pin 4). Increasing this DC voltage will increase 
thegai.1i of the gain controlled amplifier. 

AGC gain control factor = 

VOUT PEAK = peak of the AGC amp 

VREF 
2.5Vpp 

AGe gain control factor = -- = 5 for ML8464B 
O.5VDC 
2.0Vpp 

= -- = 4 for ML8464C 
O.5VDC 

Thus, at VREF = O.5Voc, VOUT AGC = 2.5V for ML8464B 
and 2.0V for ML8464C. This smaller signal amplitude 
should be taken into consideration at the hysteresis 
comparator. To set the desired amount of hysteresis, 
and external DC control voltage is used. The particular 
settings for VREF and control voltage at pin 3 that 
optimizes the ML8464B performance may not 
necessarily optimize the ML8464C performance. 

PACKAGE PULSE PAIRING 

. MOLDED DIP (P24) ±1 ns 
MOLDED PCC (Q28) ±1 ns 
MOLDED DIP (P24) ±1.5 ns 
MOLDED PCC (Q28) ±1.5 ns 
MOLDED DIP (P24) ±3 ns 
MOLDED PCC (Q28) ±3 ns 

MOLDED DIP (P24) ±1 ns 
MOLDED PCC (Q28) ±1 ns 
MOLDED DIP (P24) ±3 ns 
MOLDED PCC (Q28) ±3 ns 
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.~Micro Linear 

SWITCH MODE POWER SUPPLY CONTROL 

Micro Linear offers high performance Switch Mode Power 
Supply IC controllers for PWM, Phase Modulation, 
Resonant and Power Factor Correction as well as Power 
Controllers for Battery powered systems. These Ie's are the 
highest frequency Ie's available and include unique 
features for enhanced stability, easy synchronization and 
improved fault management. These controllers can be 
tailored to meet your unique design requirements using 
Micro Linear's array-based Semi-Standard capability. 

For Power Factor Correction, four Ie's are available to 
meet the needs of a variety of different applications. Boost 
and Buck Boost dedicated PFC control Ie's are available. 
Also, a new Ie, the ML4819, combines a boost PFC stage 
with a Current Mode PWM control section. This new 
"Combo" controller is the first IC available which controls 
an entire PFC corrected power supply on a single chip. 

Also, a new Average Current Sensing Boost PFC controller, 
the ML4821, achieves the lowest harmonic distortion and 
highest power factor. 

PULSE WIDTH MODULATION lC's 

• 1 MHz Operation 

• Voltage Mode or Current Mode Operation 

• High Current (2A peak) High Speed Totem Pole 
Outputs 

• Precision (+ 1 %) 5.1 V Reference 

• Soft Start Latch Ensures Full Soft Start Cycle 

• Semi-Standard Options Available 

• Unique Features to Enhance 
Synchronization 
Stability 
Fault Protection 

POWER FACTOR CONTROLLERS 

• ML4812 General Purpose Boost Mode (Peak ISENSE) 

• ML4821 Average Current Sense Boost Mode 

• ML4813 Flyback Converter for Low Power Systems 

• ML4819 Boost PFC and PWM "Combo" 

BATTERY POWERED lC's 

• ML4862 Laptop Power Controller 

• ML4861 Palmtop Boost Regulator 

Power Supplies 

Selection Guide 

Two new resonant controllers are now available, one for 
zero voltage switching and one multi-mode controller. 
Both Ie's offer unique overload protection features, high 
current output drivers, and low cross conduction. The 
multi-mode controller supports both series resonant 
converters operating above resonance and ZCS 
topologies. 

The ML4818 Phase Modulation Controller combines the 
low-loss zero-voltage switching transitions of a resonant 
topology with the efficient energy transfer characteristics 
of square wave PWM. 

Our new ML4861 and ML4862 offer integrated system 
solutions for palmtop and notebook or laptop 
applications. High efficiency is achieved through 
synchronous rectification. 

These Ie's are available in Commerical (O°C to +70°C), 
Industrial (-40°C to +85°C) and Military (-55°C to 
+ 125°C) temperature ranges in both DIP and Surface 
Mount packages. 

SOFT-SWITCHING AND 
RESONANT CONTROLLERS 

ML4815 Single Ended Zero Voltage Switching Controller 

• Ideal for Low Input Voltage DC to DC 
Converter Modules 

• Operation to 1.5MHz 

ML4816 Multi-Mode Push-Pull Resonant Controller 

• Supports All Major Topologies: ZVS and ZCS 

• Constant Off-Time or Constant On-Time Control 

ML4818 Phase Modulation/Soft SW.itching Controller 

• Full Bridge Zero Voltage Switching Operation 

• Power DIP Package 

ML4830 ELECTRONIC BALLAST 
CONTROLLER 

• A complete solution for Electronic Ballasts 

• Power Factor Controller 

• PWM or Frequency Modulation 

'MictoLinear 6-1 



Power Supplies 

BATTERY POWERED CONTROL IC's 

New in 1992are two Ie's for battery powered systems. 
The ML4862 is a complete control solution for multi-cell 
Laptop and Notebook computer systems. The ML4861 
Palmtop Boost is the most com'pact boost converter on the 
market, providing SV (or 3.3V) output fof input voltages, 
from 1 V to 4.SV. Both use synchronous rectification for 
high efficiency. 

ML4862 

Application Notebook/laptop 

Input Voltage Range S.S to 22V 

Output Voltages 3.3, SV, 12V, 
SV (Linear) 

Output Current Determined by 
External Components 

Other Features Logic to MOSFET Drivers 
All N-Channel Design 

ELECTRONIC BALLAST CONTROL 

The ML4830is the first commercially available IC 
designed specifically for Electronic Bailasts. This IC 
contains an average current sensingboost mode power 
factor controller, similar to the ML4821, as well as a 
ballast control section. Flexibility is built in to the 
ML4830, allowing it to operate with programmable 
starting scenarios and either PWM or Frequency 
modulated ballast outputs. 

6,-2 

R(SEn 

R(T)/C(T) 

PRE·HEAT 
AND INTERRUPT 

INTERRUPT TIMERS 
101-"-"="'-'---1L _____ j---j 

OVP/INHlliIT ' 

IAOUT 

IA-

IA+ 

I(SINE) 

EAOUT 

EA-

POWER 
fACTOR 

CONTROLLER 

PWMOR 
fREQUENCY 

MODULATOR 

ML4861 

Palmtop' 

1 t04.SV 

SVor 3.3Vor 
Adjustable 

BOmA(1 Cell) 
3S0mA(3 Cell) 

Only 2 E~ternal 
Components 

OUTPUT 
DRII(ERS, 
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LAMPf.B. 
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POWER FACTOR CONTROLLERS 

Micro Linear offers more choices for Power Factor 
Correction than any other company. All of Micro Linear's 
PFC systems will easily meet IEC-555 requirements for AC 
input current harmonic distortion. 

For the lowest harmonic distortion available over a wide 
range of input line and output load conditions, Micro 
Linear has introduced the ML4821 Average Current 
Sensing PFC controller. The ML4813 flyback controller 

Power Factor Controller Comparison 

FEATURE 

Topology 

Efficiency 

System Power Factor 

Usable Power Range 

Output Voltage 

Over-Voltage Protection 

Peak Output Drive 

Control Method 

Sync Input 

Output can be Isolated 

HIGH FREQUENCY 
PWM CONTROLLERS 

ML4812 

Continuous 
Boost 

Highest 

0.99 

Over SOW 

VOUT> VIN 

YES 

lA 

Peak 
Current 

NO 

Micro Linear offers a complete family of 1 MHz PWM 
control Ie's with superior performance over the Industry 
Standard PWM controllers. Our Family of PWM 
controllers feature: 

• 1 MHz Operation 

• 2A Peak Fast Output Drive 

• High Speed Cycle-by-Cycle Current Limit 

• Soft Start with Complete Reset 

• Under-Voltage Lockout with Low Current Start-up 

• Current Mode or Voltage Mode Operation 

Power Supplies 

offers the user a choice of output voltages and is easily 
isolated. The ML4819 PFC Combo IC provides a complete 
control solution for power factor corrected supplies, 
providing both the PFC pre-regulation and PWI'0 control 
outputs. The ML4821 uses the lossless peak current 
sensing method for the highest efficiency possible. 

All of Micro Linear's PFC control It's provide Over
Voltage Protection and. high current outputs for fast 
MOSFET drive. 

ML4813 ML4819 ML4821 

Flyback Boost + PWM Continuous 
Combo Boost 

Moderate High High 

0.99 0.99 0.99 

Under 2S0W Under400W Over SOW 

VOUT VOUT> VIN VOUT> VIN 
Independent 

OfVIN 

YES YES YES 

lA lA lA 

Voltage Peak Average 
Mode Current Current 

YES 

YES YES NO 

PWM Control IC Comparison 

FEATURE ML4809 ML4810 ML4811 ML4817 ML4823 ML4825 

Push·Pull YES YES YES YES 

Single·Ended YES YES 

Integrating Fault 
Detection YES YES YES 

Oscillator Syn,c Input YES YES 

Slope Comp'ensation YES 

Precision 

Duty~Cycie Limit ' YES 

Soft-Start Delay' YES YES YES 

Separate Errpr Amp 

Output Pin YES 
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Power Supplies 
RESONANT AND PHASE 
MODULATION CONTROLLERS 
Adding to the family of SwitCh Mode Power Supply 
Controllers are three Ie's for high frequency Zero Voltage 
or Zero CurrentSwitching. Micro Linear offers both 
Resonant and Phase Modulation Controllers. 

We have introdiJced'two ne~' Resonant Ie's. The ML4815 
is optimized for single-ended DC t9 DC Zero Voltage 
Switching converters. The ML4816.multi-mode controller 
is designed for push-pull or half-bridge resonant 

Power,Factor Controller Comparison 
" 

topologies and can run in either constant on-time mode 
(for Zero Current Switching) or constant off-time mnde '(for 
Zero Voltage Switching). The ML4816 in,eludes 
programmable frequency limits,ior both upper a,nd lower, 
frequencies, enslJring that the Ie can be\jsed in supplies 
that operate either above or below.resonance. 

The ML4818 Phase Modulation Controller. Combines the 
Zero Voltage Switching characteristics of a resonant 
supply with the efficient energy transfer and simplicity of 
PWM. ' , . 

FEATURE ML4815 ML4816 ML4818 

Zero Voltage SwitChing YES YES YES 

Zero Current Switching YES , 

Control Type .Constant Constant On .Phase 

Off-Time or Constant Off Modulation 

Integrating Fault Detection YES YES YES 

Intended Application DC-DC Offline Offline 

or DC-DC or DC"DC 

SEMI-STANDARD, 
CUSTOMIZED CONTROLLERS Power Supply Array Comparison 

Micro Linear's unique Tile Array based designs make it 
possible to modify any of our standard products to suit 
your unique application needs. Semi-Standard is a low 
risk path to modify the IC to change its functionality; 
package, temperature range, or parametric performance. 
Cal,1 your Micro Linear representative for more 
information. 

ARRAY 

FB3480 
High Frequency 

PWM 

FB3490 
General Purpose 

SMPS 

FB3491 Resonant 

FB3492 Resonant 

FB3680 

FC3580 

FB3430 

'-Micro'Linear 

STANDARD 
PRODUCTS 

ML4823/25 
ML4810/11 
ML4809, ML4817 

ML4812, ML4813 
ML4819 
ML4821 

ML4816 

ML4818 

ML4830 

ML4861 

ML4862 

, ,PERFORMANCE 

1 MHz Operation 
2 'x'2A Output Drivers 
,Sans Prop. Delay 

500KHz Operation 
2 x 1 A Output Drivers 
lOOns Prop. Delay 

2MHZ Operatibn 
2 x 1 ,SA Output Drivers 
SOns Prop. Delay 

2MHz Operation 
4 xl :'5A Output Drivers 
SOns Prop. Del,ay 

12V Bipolar 
3,x 200mA Drivers 
SOns Prop. Delay 

5V Operation 
lAMOS Power 
MicroPower BiCMOS 

36V Bipolar 
4 Outputs 
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'Micro Linear ML1825 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The ML1825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit mUltiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 

BLOCK DIAGRAM 

Rill 

Clll 

1.2SV 

~II~+'-------f 

E/A OUT 

The ML 1825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is a pin for pin replacement for the 
UC1825 controller. 

FEATURES 
• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current (2A peak) Dual Totem Pole Outputs 
• Wide Bandwidth Error Amplifier 
• Fully Latched Logic with Double Pulse Suppression 
• Pulse-by-Pulse Current Limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with Hysteresis 
.5.1\1, ±1% Trimmed Bandgap Referer:lce 
• Pin Compatible Replacement for UC1825 

SIGI GND ~ 
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ML1825 

PIN CONNECTION 

PIN 
PIN '* 

2 

3 

4 

5 

6 

7 

8 

6-6 

ML1825 
16-Pin DIP 

:SOFT STAIlf "L..8 __ 9..rI(LlMI/S.D. 

lOP VIEW 

" 

DESCRIPTION 
NAME FUNCTION PIN '* NAME 

INV Inverting input to error amp. 9 I(UM)/S.D. 

NI Non-inverting input to error amp. 

E/A OUT Output of error amplifier and 
10 GND input to main comparator. 

CLOCK Oscillator output. 11 OUT A 

R(T) TIming Resistor for Oscillator -
sets charging current for oscillator 

12 PWR GND timing ,capacitor (pin 6). 

Cm Timing Capacitor for Oscillator. 
13 Ve 

RAMP Non-Inverting input to main 
comparator. Connected to Cm for 

14 OUT B Voltage Mode operation or to 
'current sense resistor for current 15 Vee 
mode. 16 5.1V REF 

SOFT START Normally connected to Soft Start 
Capacitor. 

'MicroLin~~r, 

FUNCTION 

Current limit sense pin. Normally 
connected to current sense 
resistor. 

Analog Signal Ground. 

High Current Totem pole output. 
This output is the first, one 
energized after Power On Reset. 

Return for the High Current 
Totem pole outputs. 

Positive Supply for the High 
Current Totem pole outputs. 

High Current Totem pole output. 

Positive Supply for the Ie. 

Buffered output for the 5.1 V 
voltage reference. ' 



ML1825 

ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 
Supply Voltage (Pins 15, 13) .............................. 30V Temperature Range 
Output Current, Source or Sink (Pins 11, 14) . ML 1825M ................................ -55°C to +125°C 

DC .................................................. O.SA 
Pulse (O.Sps) .......................................... 2.0A 

Analog Inputs 
(Pins 1, 2, 7) ................................... -O.3V to 7V 
(Pins 9, 8) ..................................... -O.3V to 6V 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

Clock Output Current (Pin 4) .......................... -SmA 
Error Amplifier Output Current (Pin 3) .................. SmA 
Soft Start Sink Current (Pin 8) ......................... 20mA 
Oscillator Charging Current (Pin 5) .................... -SmA 
Junction Temperature 

ML482SM ........................................... 150°C 
ML48251, ML4825C .................................. 125°C 

Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10 sec.) ................ +260°C 
Thermal Resistance (8)A) 

Ceramic DIP ...................................... 65°C/W 

ELEORICAL CHARAOERISTICS 
Unless otherwise specified, RT = 3.651<0, CT = 1000pF, TA = Operating Temperature Range, Vee = .15V. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vee < 30\1, (note 1) 0.2 2 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Reference Section 

Output Voltage TJ = 25°C, 10 = 1mA 5.05 5.10 5.15 V 

Line Regulation 10V < Vee < 30V 2 20 mV 

Load Regu lation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < TJ < 150°C, (note 1) .2 .4 % 

Total Variation line, load, temp (note 1) 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

Long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 rnA 

Error Amplifier Section 

Input Offset Voltage 10 mV 

Input Bias Current .6 3 pA 

Input Offset Current .1 1 pA 

Open Loop Gain 1 <Vo<4V 60 95 dB 

6-7 
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ML1825 

ELECTRICAL CHARACTERISTICS (Continued)" 
Unless otherwise specified, RT = 3.6SKn, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SY. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Error Amplifier Section (Continued) 

CMRR 1.5 < VeM < 5.5V 75 95 dB 

PSRR 10 < Vee < 30V 85 110 .dB 

Output Sink Current VPIN 3 = 1V 1 2.5 mA 

Output Source Current VPIN 3 = 4V -.5 -1.3 mA 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output low Voltage IplN 3 = 1mA 0 0.5 1.0 V 

Unity Gain Bandwidth (ncite 1) 
, 

3 5.5 MHz 

Slew Rate (note 1) 6 12 V/JiS 

PWM Comparator Sectioo 

Pin 7 Bias Current VpIN 7'=OV -1 "-5 fJA 

Duty Cycle Range 0 80 % 

Pin 3 Zero DC Threshold VpiN:' = OV 1.1 1.25 V 

Delay to Output (note 1) 50 80 ns 

Soft-Start Section 

Charge Current VPIN 8 = O.5V 

Discharge Current VplN 8 = 1V -mA 

Current Limit/Shutdown Section 

Pin 9 Bias Current OV < VPIN 9 < 4V +15 fJA 

Current limit Threshold .9 1 1.1 V 

Shutdown Threshold 1.25 1.4 1.55 V 

Delay to Output (note 1) 50 80 ns 

Output Section 

lOUT = 20mA .25 .4 V 
Output low level 

lOUT = 200mA 1.2 2.2 V 

lOUT = -20mA 13.0 13.5 V 
Output High level 

lOUT = -200mA 12.0 13.0 V 

Collector leakage Ve = 30V ,- 100 500 fJA 

Rise/Fall Time CL = 1000pF, (note 1) 30 60 ns 

Under-Voltage Lockout Section 

Start Threshold V 

UVlO Hysteresis V 

Supply Current 

Start Up Current Vee = 8V mA 

Icc VplN 1, 7, 9 = O\/, VPIN 2 = 1V, mA 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNOIONAL DESCRIPTION 
OSCILLATOR 

The Ml1825 oscillator charges the external capacitor 
(CT) with a current (ISET) equal to 3/RsET. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T osc = TRAMP + T DEADTIME 

where: TRAMP = C (Ramp Valley to Peak)/lsET 

and: T DEADTIME = C (Ramp Valley to Peak)/IQl 

ISET --- r--------------~ 
5.1V I 

L 

CLOCK n n 
~L...---J 

To-+ll_ 
RAMP PEAK 
-~------- -

C1 

- ---- -----
RAMP VALLEY 

Figure 1. Oscillator Block Diagram 

100 lK 10K lOOK 1M 

FREQ IHzl 

Figure 2. Oscillator riming Resistance vs Frequency 
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ERROR AMPLIFIER 

The Ml1825 error amplifier is a 5.5MHz bandwidth 
12V/JlS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 5. Unity Gain Slew Rate 
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Figure 6. Open Loop Frequency Response 

OUTPUT DRIVfR STAGE 

The ML 1825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. . 

Vee 

Figure 7. Simplified. Schematic 
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Figure 11.' Supply Current vs TemPerature 

SOFT START AND CURRENT LIMIT 

The ML 1825 employ~ two current limits. When the 
voltage at pin 9 exceeds 1\1, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscil1ator period by resetting the RS 
flip flop . 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated and the soft start 
capacitor (pin 8) is discharged. The duty cycle on start 
up is limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 



ORDERING INFORMATION 

PARr NUMBER 

ML1825Mj 

TEMPERATURE 
RANCE 

-55°C to +125°C 

'Micro Linear 

ML1825 

PACKAGE 

Hermetic DIP (j16) 
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ML4809 
High Frequency PWM Controller 

GENERAL DESCRIPTION 
The Ml4809 High, Frequency PWM Controller. is a full
featured IC controller optimized for use in Switch 
Mode Power Supply designs running at frequencies to 
1MHz. Propagation delays are minimized while slew 
rate and bandwidth are maximized for reliable high 
frequency operation. This controller is designed to 
work in either voltage or current mode and provides 
for input voltage feed forward. 

A 1.1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.5V. 
threshold initiates a soft-start cycle. The soft start pm 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 7V of hysteresis assures low startup current 
and drives the outputs low. 

The Ml4809 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are easily 
implemented. This controller is similar to the UC1825 
controller, however the Ml4809 includes many features 
not found on the 1825. These features are setin Italics. 

BLOCK DIAGRAM 

FEATURES 
• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current (2A peak) Dual Totem Pole Outputs 
• Wide Bandwidth Error Amplifier 
• Fully Latched Logic with Double Pulse Suppressioh 
• Pulse-by-Pulse Current Limiting 
• Soft Start and Max. Duty Cycle Control 
.5.1\1, ±1% Trimmed Bandgap Reference 
• Under Voltage Lockout; 16V Start with 7V Hysteresis 
• Programmable Ramp Compensation Circuit 
• VCO Input for Synchronization or Frequency Control 
• External Clock 'Input for Synchronization 
• Toggle Preset for Synchronization 
• Comparator Blanker for Better Noise Immunity/Stability 
• Separate Error Amplifier Output Pin for Loop Filtering 

Versatility 
• Fast Shut Down Path from Current Limit to Outputs 
• Outputs Preset to Known Condition After Under 

Voltage Lockout 
• Soft Start Latch Ensures Full Soft Start Cycle 
• Programmable Soft Start Delay 

S.lV VREF 22 
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ML4809 

PIN CONNEcrlONS 
ML4809 ML4809 

24-Pin DIP 28-Pin PCC 

INV PRESET lOGGLE 
NC 

NI RAMP COMP 

EfA OUT S.1V REF 

CMPIN Vee 
CMPIN Vee 

OUTB V(VCO) OUTB 

POWERVe 
POWERVe 

CLOCK IN 
PWRGND POWERGND 

CLOCK OUT 
OUT A 

Rm OUT A 
SIGNAL GND Rm NC 

cm 

RAMP I(LlM)fS.D. cm SIGNAL GND 

RC (BlANK) 

RESET DElAY Q-FF 

TOP VIEW TOP VIEW 

PIN DESCRIPTION 
PIN II NAME FUNCTION PIN II NAME FUNCTION 

1 INV Inverting input to error amp. 13 Q-FF An Emitter Follower output which 

2 NI Non-inverting input to error amp. is High for B active. 

3 E/A OUT Output of error amplifier. 14 RC (BLANK) Connect resistor and capacitor to 
ground for blanker function. 

4 CMP IN Main Comparator Input. 
I(LlM)/S.D. Current limit sense pin. Normally E A control voltage input which sets 

15 
5 V(VCO) connected to sense resistor. 

the VCO frequency. May be tied 
16 GND Analog Signal Ground. to s.W REF (22) for fixed 

frequency operation. 17 OUT A High Current Totem pole output. 

6 CLOCK IN A "1" level blanks the outputs and This output is the first one 

prepares the chip for the next energized after Power On Reset. 

cycle by toggling the T flip flop. 18 PWR GND Return for the High Current 

7 CLOCK OUT Oscillator output. This is an Totem pole outputs. 

emitter follower output. 19 POWER Vc Positive Supply for the High 

8 R(T) TIming Resistor for Oscillator - Current Totem pole outputs. 

sets charging current for oscillator 20 OUT B High Current Totem pole output. 
timing capacitor (pin 9). 21 Vee Positive Supply for the Ie. 

9 Cm Timing Capacitor for Oscillator. 22 s.1V REF Buffered output for the s.1V 
10 RAMP Non-Inverting ·input to main voltage reference. 

comparator. Connected to cm . for 23 RAMP COMP Connect resistor to GND for ramp 
Voltage Mode operation or to compensation. 
current sense resistor for current 
mode. 24 PRESET Presets the toggle flip-flop. Tie to 

SOFT START Normally connected to Soft Start 
TOGGLE GND to disable. 

11 
Capacitor. 

12 RESET DELAY Connect to capacitor for time 
delay before new soft-start cycle 
begins after 1.4V current limit is 
reached. 

'Micro Linear 6~13 



Mf4809 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 21, 19) .. :.:......................... 36V 
Output Current, Source or Sink (Pins .17, 20) 

DC .............................•.... , ............... O.SA 
Pulse (O.5JlS) .......................................... 2.0A 

I n put Voltage . . 
(Pins 1, 2, 4, 5, 10) ................ ,............ -O.3V to 7V 
(Pins 8, 9, 11, 12, 15, .24) ....................... -O.3V to 6V 

logic Output Current (Pins 7, 13) ....... ,,'.. .. .. .. .. .... -SmA 
Blanker Charge Current (Pin 14) .................. , .... -SmA 
Error Amplifier Output Current (Pin 3) ..... ,............ SmA 
Soft Start Sink Current (Pin 11) ........................ 20mA 
Oscillator Charging Current (Pin 8) .................... -SmA 
Junction Temperature 

Ml4809M ............................................ 150°C 
Ml48091, Ml4809C ... ,.............................. 125°C 

Storage Temperature Range ................ -65°C to +150°C 
lead Temperature (Soldering 10 sec.) ................ +260°C 

ELECTRICAL CHARACTERISTICS 

Thermal Resistance (8JA) 
Plastic DIP ......................... ' ................ 50°C/W 
Ceramic DIP ....................................... 55°C/W 
Plastic Chip Ca~rier (PCC) ......................... 55°C/W 

OPERATING CONDITIONS 
Temperature Range 

Ml4809M ......................... , ..... " .,55°C to +125°C 
Ml48091 ............. ;.. . . .. .. . . . . . . . . . . . . .. '-40°C to +85°C 
Ml4809C ............. : ........................ O°C to +70°C 

Absolute maxim~m r~tings are those values beyond which,the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

Unless otherwise specified,RT = 6.2KCl, CT = 1000pF, V(VCO) = VREF, RL (Pins 7, 13) = 5Kn, 
TA = Operating Temperature Range, Vee = 15\1. (note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OsdUator " 

Initial Accuracy TJ = 25°C, (note 1) 390 430 470 KHz 

Voltage Stability 10V < Vee < 30\1, (note 1) 0.2 4 % 

Temperature Stability (note 1) .. 5 % 

Total Variation line, temp, (riote 1) 370 430 490 KHz 

Clock Out High ;' 3.9 4.5 V 

Clock Out low 2.3 2,9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) '. 1.6 1.8 2.0 V 

V(VCO) Control Range 1 5.5 V 

Reference Section 

.1 ML4809C TJ '=,' 25°C, 10 = 1 mA' 5.00 5.10 ' 5.20 V 
Output Voltage 

lML4809M" ML48091 5.05 5.10 5.15 V 

Line Regulation 10V < Vee < 30V , 2 20 mV 

Load Regulation lmA < 10 < 10mA 5 20 mV 

Temperature Stability d. _55°C < TJ < 150°C, (note 1) .2' .4 % 

I ML4809C line, load, temp, (note 1) 4.95 5.25 V 
Total Variation I ML4809M, ML48091 5;20 5,.0 V 

Output Noise Voltage . ., . 10Hz to 10KHz ~O' IN 

Long Term Stability TJ = .12SoC, 1000 hrs, (note 1) 5 25 mV 

VREF = OV; TA ;::: OOC ; -15 . -50 -100 mA 
Short Circuit Current 

TA < OOC -15 -50 -120 mA 

Under.VoItage Lockout Section 

Start Threshold V 

UVlO HystereSis . V 

6 .. 14 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 6.2KO, CT = 1000pF, V(VCO) = VREF, Rl (pins 7, 13) = SKO, 
TA = Operating Temperature Range, Vee = 1SV. (note 3) 

PARAMETER CONDITIONS MIN 

Error Amplifier Section 

Input Offset Voltage 
TA = 250C 

Input Bias Current 

Input Offset Current 

Open Loop Gain 1 < Vo < 4V 60 

1.5 < VCM < 5.5\1, TA 2: DOC 75 
CMRR 

1.5 < VCM < 5.5V, TA < DOC 65 

1.0 < Vcc < 3DV, TA 2: DOC 80 
PSRR 

10 < Vcc < 30\1, TA < O°C 70 

Output Sink Current VPIN 3 = 1V 1 

Output Source Current VPIN 3 = 4V -.5 

Output High Voltage IplN 3 = 1mA 3.5 

Output Low Voltage IplN 3 = 1mA 0 

Unity Gain Bandwidth (note 1) 3 

Slew Rate (note. 1) 6 

PWM Comparator Section 

Pin 10 Bias Current VPIN 10 = 0\1, VplN 23 = open, 
VPIN 9 = 2V 

TA 2: OOC 0 
Duty Cycle Range 

TA < OOC 0 

Pin 4 Zero DC Threshold VPIN 7 = DV 1.1 

Delay to Output (note 1) 

Ramp Compensation 

Pin 10 Current VPIN 9 = 2\1, RPIN 23 = 6.BKO 

Soft-Start/ Reset Delay Section 

Charge Current (Pin 11) VPIN 11 = O.5V -3 

DischargeCurrent (Pin 11) VplN 11 = 1V 1 

Discharge Current' (Pin 12) VPIN 12 = 1V 3 

Charge Current (pin 12) VPIN 12 = 0.5V -.4 

Current Limitl Shutdown Section 

Pin 15 Bias Current OV < VplN 15 < 4V 

Current Limit Threshold 1.0 

Shutdown Threshold 1.35 

Delay to Output (note 1) 

Blanker Sectioo 

TBLANK I (note 1), RC = 5.1 KO, 68pF 8.0 

'Micro Linear 

ML4809 

TYP MAX UNITS 

±15 mV 

±20 mV 

.6 3 pA 

.1 1 pA 

96 dB 

95 dB 

95 dB 

110 dB 

110 dB 

2.5 mA 

-1.3 mA· 

4.3 5 . .0 V 

0.5 1.0 V 

5.5 MHz 

12 VII'S 

-1 -10 pA 

75 % 

7.0 % 

1.25 V 

50 .8.0 ns 

pA 

-9 -20 pA 

mA 

9 2.0 pA 

mA 

±20 pA 

1.1 1.2 V 

1.5.0 1.65 V 

40 7.0 ns 

1.0.0 12.0 ns 



ML4809 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specifi.ed, Rr= 6.2K!l, Cr= 1000pF, V(VCO) = VREF, RL (Pins 7, 13)= SKO, 
TA = Operating Temperature Range, Vcc = 1SY. (note 3) 

PARAMETER CONDITIONS MIN TYP I MAX 

Output Section 

Output Low Level 
lOUT = 20mA .25 .4 

lOUT = 200mA 1.2 2.2 

Output High level 
lOUT = -20mA 13.0 13.5 

lOUT = -200mA 12.0 13.0 

Collector Leakage Vc = 30V 100 500 

Rise/Fall Time CL = 1000pF, (note 1) 30 60 

Logic Inputs/ Outputs 

Pin 24 Threshold (note 2) VREF - .98 

Pin 13.VOH (note 2) VREF - .65 

Pin 13 VOL (note 2) VREF - 1.3 

Supply Current 

Vcc = 8V, TA = 25"<: 1.1 3.0 
Start Up Current (note 2) 

Vcc = 8V, TA < 25"<: 3.5 

Icc VP1N 1, 10, 15 = Ov, VP1N 2 = 1V, 29 .38 
TA = 25°C 

Note 1: This parameter not 100% tested in production but guaranteed by design. . 

UNITS 

V 

v 
V 

V 

pA 

ns 

V 

V 

V 

rnA 

rnA 

rnA 

Note 2: The thresholds on the logic input pins are set by a reference generator that is: VTH = V.EF - (1.5 • VBE). The logic outputs swing from: 
VOH = V.EF - VB' to VOl.' V"F - 2 • VBE. VB' is nominally .65V and varies with temperature. logic inputs and outputswilH",ck each 
other with temperature variation. 

Note 3: Since the Under Voltage lockout start·up threshold is 16V, the supply is first raised to 20V to activate the IC and then lowered to 15V 
to conduct the. electrical testing. 

Note 4: Reference short circuit current, Supply current and Start-up ICC decrease with increasing temperature. 

FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The ML4809 Voltage Controlled Oscillator charges the 
external capacitor (CT) with a current (ICHARGE) equal 
to V(VCO)/RT' When the capacitor voltage reaches the 
upper threshold (Ramp Peak), the comparator changes 
state and the capacitor discharges to the lower 
threshold (Ramp Valley) through Q1. While the 
capacitor is discharging, Q2 provides a high pulse_ For 
Fixed Frequency Operation, V(VCO) can be tied to 

VREF· 

The Oscillator period can be described by the 
following relationship: 

T osc .. TRAMP + T DEADTIME 

where: TRAMP = C (Ramp Valley to Peak)/lcHARGE 

and: T DEADTIME = C (Ramp Valley to Peak)/IDIs 

An approximate expression for the oscillator 
frequency in fixed frequency operation (where V(VCO) 
= VREF) is: 

2.48 
Fosc ..,,-

RTCl 

ClOCK n n 
~L------J 

T0-t I-
~~PI~!'A~_ . ____ ._ 
CT .• 

- ---- -----
RAMP VALLEY 

Figure 1. Oscillator Block Diagram 
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Figure 2. Timing Resistance vs Frequency (V(VCO) = 5.1 V) 
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Figure 4. Oscillator Deadtime vs Frequency (V(VCO) = 5.1V) 

ERROR AMPLIFIER 

The ML4809 error amplifier is a 3.5MHz bandwidth 
6V1IJS slew rate op-amp with provision for limiting the 
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Figure 6. Unity Gain Slew Rate 
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Figure 3. Oscillator Frequency vs V(VCO) 
(RC = 6.21<0, 1000pf) 
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Figure 5. Oscillator Deadtime vs cm (3KCl ::::; Rm ::::; 100KCl) 

positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Mt4809 

OUTPUT. DRIVER STAGE 

The ML4809 Output Driver is a 2A peak output high 
speed totem pole circult.designed to drive capacitive 
loads, such as power, MOSFET transistors. 

I, r 
1 V -,/' 

SOURCJ..- r ~ 
..... 1 

SINK/ 

........... 1 '. 

o 0.5 1.0 15 
lour (AI 

Figure 8. Saturation Curves 

Figure 9. Simplified Schematic 

SOFT START, CURRE.NT LIMIT, AND RESET DELAY 

The ML4809 employs two current limits. When the 
voltage at pin 15 (I(LlM)/S.D.) exceeds 1.1\1; the outputs 
immediately pull low and the cycle is terminated for 
the remainder of theosci.llator period by resetting the 
RS flip flop. 

If the output current is rising quickly (usually due to 
transformer satur<\tion) such that the· voltage on pin 15 
reaches l.5V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 11) is 
discharged and outputs are held "off" until the voltage 
at pin 11 reaches 1.1\1; ensuring a complete 50ft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 11. 

A\ 
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I 
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Figure 10<\. Rise/Filii TIme (Cl = 1000pF) 
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Figure lOb. Rise/Filii TIme (Cl = 10000pF) 
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Figure 11. Supply Current vs. Temperature 

The ML4809 also includes a delay circuit which inhibits 
the outputs from coming on until a time determined 
by the RESET DELAY capacitor on pin 12 .. This capacitor 
is normally charged to <\ voltage equal to VPIN 11 - .7V 
and is limited to VREF. After the l.5V Hmit is reached, 
the capacitor is allowed to slowly discharge through the 
9JlA current sink. When this capacitor and the Soft Start 
Capadtor both have discharged to 1.1\1, the outputs are 
enabled and the -new soft .. start cycle begins. During 
Under Voltage Lockout, both capacitors will be 
discharged to prepare for a new cycle. 

Since the emitter follower which drives pin 12 presents 
a load on Pin 11, the Soft Start Capacitor's effective 
value will be increased by: 

CEFFECT = CP1N 11 + (CPIN 12//3) 
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where /3 varies from 50 to 250. Should this cause 
unacceptable variation on the soft start capacitor value, 
this effect can be mitigated by connecting a resistor 
from VREF to pin 11 to charge the Soft Start Cap (select 
a resistor which keeps the charge current below 2mA). 

Figure 12. Normal (Cycle by Cycle) and "Runaway" 
Current. Timing 

TURN OFF DRIVERS 
lOGGLE T·FLlP FLOP 

TURN OFF DRIVERS 
INITI.Q"E SOFT START 

CYCLE 

Figure 13. Current Limit, Soft Start and Reset Delay 

UNDERVOITAGE LOCKOUT 

In the circuit in Figure 14, the Ml4809 remains in a low 
quiescent drain (1.1 mAl during T1 while C1 charges 
through R(S) to 16\1. After Vee rises to 16V the Ml4809 
begins running. C1 provides the energy needed to run 
the gate drive and Ml4809 until the auxiliary winding 
can provide sustaining energy for the control circuit, 
preventing C1 from draining below the 9V lockout 
threshold. The 7V of hysteresis in the Undervoltage 
lockout circuit allows the Ml4809 to start from a bleed 
resistor/capacitor eaSily. While the Ml4809 is in the 
standby (lockout) condition, OUTA and OUTB will be 
pulled low. 

ML4809 

RAMP COMPENSATION 

In order to allow stable operation of a current mode 
regulator above 50% duty cycle, some of the oscillator 
ramp needs to be added to the current signal. 

Notice that the waveform of (1) and the waveform of 
ramp (2) have different average current values. (1) is an 
example of a waveform for high line and (2) an 
example of low line. Since the controllers all regulate 
based on the peak value of the current in the circuit, 
and the control variable really wants to be the average 
current, adding some of the oscillator ramp to 
comparator input (shown here for clarity as a 
subtraction of the comparator reference input, which is 
the output of the error amplifier) allows the peak 
current control to more closely approximate the 
average current. 

B+ 
BRIDGE 

+ --M-
RECTIFIER 

R(S) .". 

-, 

+ 

ML4809 

I 
AUXILIARY I .". WINDING 

L_ - ..J 

16V 

1+-----·1(1)----+/ T(2) 

Figure 14. lYpicai Off-Line Start-Up Circuit and Timing· 
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In the actual implementation, an external resistor (pin 
23) sets a current which will be equalto VRAMp/R1 and 
will appear orlth~ comparat9r input pin. Since the 
sense resistor isa lOW impedance point, putting , ' 
another resistor(lti) in series with the VSENSE pin (10) 
causes a voltage to add to the ramp voltage which is 
equal to VRAMP (R2/R1). 

, I 

L 

I 
L 

UNCOMPENSArED 

WITH RAMP COMPENSATION 

Figure 15. The Effect of Ramp Compensation 

m 
TRANSFORMER 

R2 

RSENSE 

J 

Figure 16. Ramp Compensation and Blanker Block Diagram 

MAIN COMPARATOR BlANKER 

When CMP IN (EA OUT) is at a low level, spikes which 
occur on RAMP, (which is,connected to a current sense 
resistor or transformer) when the power MOSFErs first 
turn on can cause the cycle to terminate early. The 
result of early termination can cause instabilities. Three 
problems occur ,which all contribute to this spike. 

1. Inductance in the sense resistor. 

2. Inter-winding capacitance in the transformer. 

3. Reverse recovery current in the rectifier in the 
opposite FEr intrinsic diode (or from the secondary 
diodes). 

osc ----.J 

BlANKER 
'DISABLES COMPARAIOR 
DURING SHADED TIME 

DIODE RECOVERY 

Figure 17. Unintended Early Cycle Termination 

The first two problems usually cause a fairly short spike 
which is easy to filter out with just a simple RC before 
the comparator input without causing unacceptable 
phase delay at the input, since there is not much area 
underneath the spike. The third problem can have 
significant energy. and a filter with a low enough pole 
to reduce the "spike" to a level low enough not to 
cause early cycle termination would cause excessive 
phase shift. 

The solution is to provide a blanking pulse to the 
comparator at the beginning of the cycle. The width of 
this pulse is programmed by an external RC.When 
ClOCK IN is high, a buffer in the Ml4809 charges the 
capacitor on pin 14 to 4V. When CLOCK goes low, the 
capacitor discharges through the external resistor. The 
outputs are held low until the voltage at ,pin 14 falls 
below 3.2V. The buffer driving pin 14 is limited to SmA 
output current. The Blanking period can be cal~ulated 
by the expression: 

T "'" RBLANKCBLANK 
BLANK 2.83 

SYNCHRONIZATION INPUTS AND OUTPUTS 

When using the Clock (pin 7) or Q (pin 13) outputs, a 
SKOpull down resistor is recommended. These outputs 
are open emitters. Clock has an internal (37SpA) current 
sink load while Q is unloaded. Both will exhibit 
significant timing skew due to PC board capacitance if 
not loaded. 

Clock Output and External Clock Input 

Used to synchronize mUltiple supplies. For 
,synchronized operation of multiple Ml4809's, tie the 
CLOCK OUT from the "master" to the CLOCK IN of 
the slaves. ' 

bggIe Preset and Q Output 

In mUltiple supply systems, this is important for 
synchronization. To synchronize multiple chips, connect 
the Q output from the "master" Ml4809 to the Preset 
Input of the "slave" in a "daisy chain". For non
synchronized operation this input would be connected 
to GND. 

'Micro'Line,ar 



OTHER FEATURES 

Fast Shut Down Path from Current Limit to Outputs 

Provides a 30ns path to the outputs which begins to 
turn off the outputs while the longer latching path is 
propogating. In a normal UC1825, it can be as much as 
80ns until the over-current condition shuts down the 
outputs. 

Separate Error Amplifier Output Pin for Loop Filtering 
Versatility 

This is especially useful for: 

1. Diagnostic purposes, to see what the chip is really 
doing, it is useful to break the feedback loop. 

2. High power supplies - current sharing: In system 
design with more than one supply running, in order 
to ensure that the supplies share current equally it is 
often necessary to have a "master" circuit control 
the PWM operation of each of the "slaves". This is 
most easily accomplished by an "or" (where the 
lowest output dominates) of the Error Amp outputs, 
which is impossible if the output of the amp is 
internally connected to the input of the comparator. 

1000 

.. 470 

~ 
~ 220 

100 
10 

-~ 
100 

CULANK (pF) 

Ml4809 

/ 

/ 
1000 

Figure 18. TBlANK vs. CBlANK (RBIANK = 5.1Kn) 

APPLICATIONS 

Figure 19 shows the ML4809 in a push-pull non-isolated 
application. Note the Schottky Diodes on pins 17 and 
20. These diodes are necessary in order to prevent 
transients from driving these pins negative with respect 
to GND which would cause the IC to malfunction. 

Care should be exercised in layout: 

1. Avoid Ground Loops. Use "star" grounding. 

2. Bypass the Vee line with a high frequency capacitor 
which is physically close to the IC 

3. Avoid running signal lines near power lines. 

4. Employ "ground planing". 

-------, 

Cr 

RRI 

Cs 

I 
I 

I 
I 
I 

I I 
L _______ .J 

RSU 

Figure 19. ML4809"JYpical Application 
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ORDERING INFORMATION 
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PART NUMBER 

Ml4809CP 
Ml4809CQ 
Ml48091P 
Ml4809IQ· 
Ml4809MJ 

TEMPERATURE 
RANGE 

O°Cto +70°C 
O°C to +70°C . 
-40·C to +85°C 
-40°C to +85°C 
-55°C to +125°C 

PACKAGE 
.. .. Molded DIP (P24N) 

Molded pce· (Q28) 
Molded DIP (P24N) 
Molded PCC (Q28) 
Hermetic DIP U24N) 
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ML4810, ML4811 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The Ml4810 and Ml4811 High Frequency PWM 
Controilers are optimized for use in Switch Mode 
Power Supply designs running at frequencies to 1MHz. 
The Ml4810/11 contain a unique overload protection 
circuit which helps to limit stress on the output 
devices and reliably performs a soft-start reset. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation and slew rate and bandwidth are maximized 
on the error amplifier. These controllers are designed' 
to work in either voltage or current mode and provide 
for input voltage feed forward. 

A 1.1V threshold current limit comparator provides a 
cycle-by-cycle current limit. An integrating circuit 
"counts" the number of times the 1.1V limit was 
reached. A soft-start cycle is initiated if the cycle-by
cycle current limit is repeatedly activated. A reset delay 
function is provided on the Ml4811. All logic is fully 
latched to provide jitter-free operation and prevent 
multiple pulsing. An under-voltage lockout circuit with 
7V of hysteresis assures low startup current and drives 
the outputs low during fault condition. 

ML4811 BLOCK DIAGRAM 

The Ml4810/11 are fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller can therefore be 
easily implemented. Please refer'to the FB3480 
datasheet for more information~ These controllers are 
similar to the UC1825 controller, however these 
controllers include many features not found on the 
1825. These features are set in Italics. 

FEATURES 
• Integrating Soft Start Reset 
• High Current (2A peak) Dual Totem Pole Outputs 
• Practical Operation to 1MHz (fosd 
• S.1Y, ±1% Trimmed Bandgap Reference 
• Under Voltage Lockout with 7V Hysteresis 
• Soft Start Reset Delay (Ml4811) 
• Oscillator Synchronization Function (ML4811) 
• Soft Start latch ensures full soft start cycle 
.Outp/.lts pull low for undervoltage lockout 
• Accurately controlled Oscillator ramp discharge 

current 
• All timing currents "slaved" to R(T) for precise control 

CLOCK 

POWER Vc 
16 

OUTA 
14 

OUTD 
17 

POWER GND 
15 

5.1V VREF 19 

l_r-----@] 
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ML4810, ML4811 

PIN CONNECTIONS, 

ML481 0 
,16-Pin DIP 

___ ...r 

5.1V REf 

OUTD 

POWERVc 

PWRGND 

OUlA 

GND 

IILlM)IS.D. 

NI 

EIA OUT 

RC(RESEl) 

CLOCK 

Rm 

cm 

. RAMP 

SOfT START 

SYNC 

ML4811 
20-Pin Oil' 

TOP VIEW 

PIN DESCRIPTION (Pin numbers shown for ML4811) 

ML4811 
20-Pin pcc 

RESET· DELAY . NI RESET DELAY 
EIAOUT I INV 1,5.1" REF 

RC(RESEl) Vi;c 

CLOCK 

Rm POWER Vc 

cm PWRGND 

RAMP OUlA 

SOfT Sl)\RT I OVP I GND 
SYNC I(LlM)IS.D. 

TOP VIEW 

PIN NO. NAME FUNqlON PIN NO NAME FUNalON 

INV Inver):ing inplJt to error amp 11 OVP Exceeding 2.5V terminates the 

2 NI Non-inver):ing input to error PWM cycle and, inhibits the 

amp outputs 

3 EtA Out Output of error amplifier and 12 I(LlM)tS.D. Current limit sense pin. 

input to main comparator Normally conneCted to 
cu rrent sense' resistor· 

4 RC(RESET) Timing elements for 
13· GND Analog Signal, Ground Integrating Soft Star): reset 

5 CLOCK Oscillator output. 14 OUT A High Current Totem pole 

6 R(T) Timing Resistor for Oscillator-
output. This output is the first 
one energized after Power On 

sets charging current for Reset 
oscillator timing capacitor 

15 ' PWR GND Return for the High Current (Pin 6) 

7 C(T) Timing'Capacitor for Oscillator 
Totem pole outputs 

16 Ve Positive Supply for the High 
8 RAMP Non-Inverting input to main Current Totem ,Pole outputs 

comparator. Connected to 
C(T) for Voltage Mode 17 OUTB High Current Totem pole 

operation or to current sense output 

resistor for current mode 18 Vee Positive Supplyfor.the IC 

9 SOFT START Normally connected to Soft 19 5.W REF Buffered output for the 5.1 V 
Start Cap<,lcitor voltage reference 

10 SYNC A high going pulse terminates 20 RESET DELAY Timing Capacitor to determine 
the pwM cycle and discharges the amount of delay between 
C(T) fault 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 18, 16) .......................... 2SV lead Temperature (Soldering 10 sec.) ............ +260·C 
Output Current, Source or Sink (pins 14, 17) Thermal Resistance (8)A) 

DC .................................................. O.5A Plastic DIP ...................................... 6S·C/W 
Pulse (0.5/.15) ........................................ 2.0A Ceramic DIP ................................... 6S·C/W 

Analog Inputs Plastic SOIC .................................... 6S·C/W 
(Pins 1, 2, 8) ................................ -O.3V to 7V 
(Pins 9, 10, 11, 12, 20) ...................... -O.3V to 6V 

Clock Output Current (Pin S) . . ... . . . .. .. . ... . . .. -SmA OPERATING CONDITIONS 
Error Amplifier Output Current (Pin 3) .............. SmA 
Junction Temperature Temperature Range 

Ml4811M ......................................... 1S0·C Ml4811M ....................•........ -SS·C to +12S·C 
Ml48111, Ml4810C, Ml4811C, Ml48101 .......... 12S·C Ml4811 I ... : ............................. -40·C to +8S·C 

Storage Temperature Range ........... -6S·C to +1S0·C Ml4810C, Ml4811C ...................... O·C to +70·C 

Absolute maximum ratings are those values beyond which the device could be permanently damaged. Absolute maximum ratings are stress 
ratings only and functional device operation is not implied. Pin numbers given for Ml4811. 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS I MIN I TYP I MAX I UNITS 

Oscillator 

Initial Accuracy TJ = 25°C (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vcc < 25V, (note 1) 0.2 4 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp. (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out low 2.3 2.9 V 

Ramp Peak 2.8 V 

Ramp Valley 1.0 V 

Ramp Valley to Peak 1.6 2.3 V 

Sync Input Threshold 0.8 1.0 1.4 V 

Sync Input Current VPIN 10 = 4V pA 

Reference SectIOn 

I Ml4810/11C TJ = 25°C, 10 = .1mA 5.00 5.10 5.2 V 
Output Voltage I Ml4811M, Ml4810/11I 5.05 5.10 5.15 V 

line Regulation 10V < Vcc < 25V 2 20 mV 

load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < TJ < 150°C, (note 1) .2 .4 % 

I Ml4810/11C line, load, temp. (note 1) 4.95 5.25 V 
Total Variation I Ml4811M,Ml4810/111 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

long Term Stability TJ = 125°C, 1000 Hrs (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Under-Voltage Lockout Section _ 

Start Threshold V 

UVlO Hysteresis V 
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ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, Rr = 3.(?SIill, Cr ,= 1D,OOpF, TA, .. Operating Temperature Range, Vee =,1Sv' 

PARAMETER , CONDITIONS MIN TYP MAX I UNITS' 

'Supply Current 

Start ,Up Current ML481 0 Vee = 8V, TA ~ O°C 2.0 3.5 mA, 
Vee = 8V, TA < O°C 2.5 4.0 mA 

,t)llL4811 Vee = 8V, TA ~ O°C 2.5 4.0 mA' 
',: Vee =8V, TA < O°C 3 4.5 mA 

Icc ML481 0 VPlN 1, 7, 9 ~ Ov. VplN 2 = 1V, TA = 15°C 32 46 mA 

Ml;4811 , VPIN 1; 7, 9" Ov. VPIN 2=1V, TA = 25°C 38 55 mA 

Error Amplifier Section 

Input Offset Voltage ±20 mV 

Input Bias Current .6 3 pA " 

Input Offset Current .1 1 pA 

Open Loop Gain 1 < Vo < 4V 60 96 dB 

CMRR 1.5 < VeM < 5.5V :i 65 95 ,dB 

PSRR 10 < Vee < 30V 75 90 dB 

Output Sink ,Current VplN 3'= 1V 1 2.5 mA 

Output Source Current VPIN 3 - 4V -.5 -1.3 mA 

Output High. Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output Low Voltage IplN 3 ='1mA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 V/JiS, 

PWM Comparator Section ,', 

Pin 8 Bias Current VPIN 8 = OV -1 _5 PA 
Duty Cycle Range 0 75 % 

Pin 3 Zero DC Threshold 1.1 1.25 V, 
Delay to Output (note 1) 50 80 ns 

Soft-Start Section 

Charge Current (Pin 9) I ML4811 VPIN 9 = 1V. VplN 4, 12 = 0 -35 -55 -75 pA 

Discharge Current (Pin 9) VplN 9 = 3V. VPIN 4 > 2.5 1 5 mA: 

VPIN 9 = 3V. VPIN 12 > 1.65, VPIN 4< 2 1,: ' ,5 mA 

Charge Current ,(Pin 20) VplN 20 = 1V ,1 5 mA 

Discharge Current (Pin 20) Requires external,'(jis.charge resistor 0 pA 

Current Limit! Shutdown Section 
.. 

Pin 12 Bias Current ML4810/11C OV < VPIN 12 < 4V , +15, pA 

ML4811M, ML48111 OV < VplN 12 < 4V +10 J.IA 
Current Limit Threshold ML481 0 ",,:,1.2" 1.3 1.4 V 

ML4811 .95 1.1 " 1.3. Y 
Rese~ Threshold (Pin 12) ML4810 VPIN 4 < 2V 1.60 1.75 1.90 V 

.. 
, ML4811 VPIN 4 < 2V 1.4 1.50 1,.8 V", 

Delay to Output (note 1) AD 70 : ns 

Pin 4 Charging Current VPIN 12 = 2V 120 150 180 ,J.IA 
Restart Threshold (Pin 4) 2 i.1I5 3, V 

OVP Shutdown Threshold (Pin 11) 2:4 2.7 2.8 V 

OVP Input Current VPIN 11 = 3V 40 50 60 pA 

Charge Curr¢nt (Pin 8) ML4810 VplN 8 '" 1V, VplN 4, 9 = 0 .40 -SO -60 pA. 
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Ml4810, Ml4811 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified; RT = 3.65Kn, CT = 1000pF, TA = Operating Temperature Range, Vee = 15Y. 

PARAMETER CONDITIONS MIN TYP I MAX I UNITS 

Output Section 

Output Low Level lOUT = 20mA .25 .4 V 

lOUT = 200mA 1.2 2.2 V 

Output High Level lOUT = -20mA 12.5 13.5 V 

lOUT = -200mA 12.0 13.0 V 

Collector Leakage Vc = 30V 100 500 IlA 

Rise/Fall Time CL = 1000pF, (note 1) 30 80 ns 

Note 1: This parameter not 100% tested in production but guaranteed by design. 

FUNCTIONAL DESCRIPTION 
SOFT STARr AND CURRENT LIMIT - INTEGRATING 
SOFT STARr RESET 

The ML4810/11 offers a unique system of fault detection 
and reset. Most PWM controllers use a two threshold 
method which relies on "the buildup of current in the 
output inductor during a fault. This buildup occurs 
because: 

1. Inductor di/dt is a small number when the switch is 
off under load fault (short circuit) conditions, since 
VL is smidl. 

2. Some energy is delivered to the inductor since the 
IC must first detect the over-current because there is 
a finite delay before the output switch can turn off. 

~':"c_~~--
VTHI n --J - L - - J - L - - -
--SWITCH CURRENT 
---DIODE CURRENT 

Figure 1. Current Waveforms for Slow rurn-Off System 
with Load Fault 

This scheme was adequate for controllers with longer 
comparator propagation delays and turn-off delays than 
is desirable in a high frequency system. For systems 
with low propagation delays,very little energy will be 
delivered to the inductor and the current "ratcheting" 
described above will not occur. This results in the 
controller never deteCting the load fault and continuing 
to pump full current to the load indefinitely, causing 
heating in the output rectifiers and inductor. 

--SWITCH CURRENT 
- - - DIODE CURRENT 

Figure 2. Current Waveforms for High Speed System with 
Load Fault 

A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 

When the switch current crosses the 1.1V threshold A1 
signals the F1 to terminate the cycle and sets F3, which 
is reset at the beginning of the PWM cycle. The output 
of F3 turns on a current source to charge C2. When, 
after several cycles, C2 has charged to 2.45\1, AS turns 
on F2 to discharge soft start capacitor C1. Charge is 
continually bled from C2 by R1. If a current surge is 
short lived (for instance a disk drive start-up or a board 
being plugged into a live rack) the control can "ride 

FROM osc. 
V+ ~ 

:I---H!( FROM osc. 
:.:...JLJl 

Figure 3. Integrating Soft Start Reset 
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out" the surge with the switch protected by the cycle, 
by cycle limit. R1 and C1 can be selected 'to track, 
diode heating, or to ride out various system surge 
requirements as required. 

If the high current demanded is caused by a short 
circuit, the duty cycle will be short and the output 
diodes will carry the current for the majority of the 
PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 

OSCILlATOR 

The ML4811 oscillator charges the external capacitor 
(Clr with a current (ISIT) equal to 3/Rl. When the 
capacitor voltage reaches the upper threshold (Ramp 

Figure 4. SWitching Current and Pin 4 Voltage - Normal 

V(I) 

Figure 5. Switching Current and Pin 4VoItage - Load Fault 

6-28. 

Peak), the comparator cbahges state and the capacitor 
discharges to the lower threshold {-Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. A discharge of the osclllator· <an be initiated 
by applying a high level to the Sync pin. A sho.~ pulse 
of a frequency higher than the oscillator's free running 
frequency can be used to synchronize the ML4811 to 
an external clock. The pulse can be equal to the 
desired deadtime (T D) or the deadtime can be 
determined by IDIS and Cl, whichever is greater. 

The Oscillator period can be described by the 
following relationship: 

where:· 
and: 

T osc = TRAMP + T DEADllME 

TRAMP = C (Ramp Valley to Pe!lk)lIsrr 
T DEADllME = C (Ramp Valley to, Peak)IIQl 

r--- - -- - -...:- - ..... ----'----, 

~NC IO~----------~--~ 

ISET 
+---

I 
I 
I 

r-""",..._-I6 
RT I 

I 
I 
I 

3V 

5\1 

ISET 

~-11~~7r_--_+~""",...-~~ 

CT., I 
I 
I 
I 
I 
I 
I 

IDIS 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I , ' 
" ~-.,...--,5 

.~_. ___ ~_~ __ ~~ __ ~.~ _____ J : .. 

CLOCK n 
RAMP.PEAK--~----------- --

CT :: 

RAMPVALLEY- -------- -----------

Figure 6. Simplified Oscillator Block Diagram and Timing 
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<z 
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Figure 7. Oscillator Timing Resistance vs. Frequency 



ERROR AMPLIFIER 

The Ml4811 error amplifier is a 5.5MHz bandwidth 
12V/f./sec slew rate op-amp with provision for limiting 
the positive output voltage swing (Output Inhibit line) 
for ease in implementing the soft start function. 

160 

140 

~ 120 

100 

80 
10K 

1.0nF V 

470pF '/ 
lOOK 1M 

FREQ (Hz) 

Figure 8. Oscillator Deadtime vs Frequency 
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/ 
V 

/V 

~ 0.47 
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0.10 

0.047 
0.47 1.0 2.2 4.7 10.0 22 47 100 

CT (nF) 

Figure 9. Oscillator Deadtime vs em (3:5 Rm:5 100Kn) 
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Figure 10. Unity Gain Slew Rate 

ML4810, ML4811 

OUTPUT DRIVER STAGE 

The Ml4811 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

100 

80 

60 

is 40 
:s 
l! 20 
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~ 

"-
"'v 
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-180 
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Figure 11. Open Loop Frequency Response 
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Figure 12. Simplified Schematic 
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Figure 13. Saturation Curves 
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Figure 14. Rise/Fall Time. (CL ~ 1000pF) 
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Figure 16. Suppy Current vs. Temperature 

ORDERING INFORMATION 

PART NUMBER 

ML4810CP 
Ml4810CS 
Ml4811CP 
Ml4811CS 
ML48111P 
ML4811M) 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
-55°C to +125°C 

J K 

( ~ 15 

~ 18 

J 

\ V 
\ 

1\ 

2 
IL(A) 

8 

-2 

8 188 288 .388 400 500 

. TIME (ns) 

Figure 15~ Rise/Fall Time (CL = 10,OOOpF) 

. PACKAGE 

16-Pin MOLDED DIP (P16) 
16-Pin MOLDED SOIC (S16W) 
20-Pin MOLDED DIP (P20) 
20-Pin MOlDED. SOIC (S20W) 
20-Pin MOLDED DIP (P20) 
20-Pin HERMETIC DIP ()20) 
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GENERAL DESCRIPTION 
The Ml4812 is designed to optimally facilitate a "boost" 
type power factor correction system. Special care has 
been taken in the design of the Ml4812 to increase 
system noise immunity. The circuit includes a precision 
reference, multiplier, error amplifier, over-voltage 
protection, ramp compensation, as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circui.t with 6V hysteresis. 

In a typical application, the Ml4812 functions as a 
current mode regulator. The current which is 
necessary to terminate the cycle is a product of the 
sinusoidal line voltage times the output of the error 
amplifier which is regulating the output DC voltage. 
Ramp compensation is programmable with an external 
resistor, to provide stable operation when the duty 
cycle exceeds 50%. 

BLOCK DIAGRAM (Pin Out shown is for DIP) 

OVP 
5 

5V 
IISENSE) 

MULTIPLIER 

EA OUT 

INV 

5V ll(EA) 

I(SINE) --
I(IIAMP COMP) -IlAMPCOMP~+-------~~~----~ 

16 em --t----------------------. 

Rm -t----------------1 

* I(MUU) oc I(SINE) x I(EA) - [I(IIAMP COMP) + 2] 

R 

July 1992 
PRELIMINARY 

ML4812 

Power Factor Controller 

FEATURES 
• Precision buffered 5V reference (±0.5%) 
• Current Input Multiplier reduces external 

components and improves noise immunity 
• Programmable Ramp Compensation circuit 
• 1A Peak Current Totem-Pole Output Drive 
• Over-Voltage comparator eliminates output 

"runaway" due to load removal 
• Wide common mode range in current sense 

comparators for better noise immunity 
• large oscillator amplitude for better noise immunity 

10 
SHUTDOWN 

Q 12 
OUT 

11 
PWR GND 

UNDER 
14 

5V VREF 
VOLTAGE 
LOCKOUT 13 vee 

32V 

'::" 

15 
SIGNALGND 

+5V '::" 

~ 
9 

CLOCK 

lK 

PATENTED 
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PIN CONNEcrlONS 

MUIJIPLIER 

EA QUT 

IIliV 

RAMP Co.MP 

ML4812 
16-Pin DIP' 

cm 

PIN DESCRIPTION (DIP) 
PIN NO. NAME FUNOION 

I(SENSEI Input from the Current 
Sense Transfo.rmer (T1)to. the 
PWM comparato.r (+). 

2 MULTIPLIER Output of Current 'Multiplier. 
A resistor to.' gro.und o.n this 
pin co.nverts the current to. a 
vo.ltage. This pin is clamped 
to. 5V and tied to. the PWM 
co.mparato.r (-). 

3 EA OUT Output o.f error amplifier. 

4 INV Inv~rtingiJlPut to. error 
amplifier. 

5 OVP Input to. o.ver vo.ltage 
co.mparator. 

6 ,I(SINE) Current Multiplier Input. 

7 RAMP COMP Buffered o.utput from the 
Oscillator Ramp [C(T)]. A 
resisto.r to. ground sets the 
current which is internally 
subtracted from the pro.duct 
o.f I(SINE) and I(EA) in the 
multiplier. 

PIN NO. 

8 

9 

10 

11 

12. 

13 

14 

15 

16 

}"" 

".,' 

ML4812 
. 20-Pin . pet 

I(SENSE) cm 
MUIJIPL.IER I Nt;. I S~<iNAL GND '. 

u.:o.UT 5VVREF 

INV Vee 
NC NC 

OVP o.UT 
I(SIN~ . PWRGND 

9 10 11 12 

RAMP COMP. I NC I SHUTDOwN 
Rm CLo.CK 

lOP VIEW 

NAME FUNcrlON 

R(T) Oscillato.r timing resisto.r pin. 
A 5V so.urce sets a current in 
the external resisto.r which is 
mirrored to. charge C(T). 

CLOCK Digital clo.ck o.utput. 

SHUTDOWN . A TIL co.mpatible Io.w level· 
o.n this pin turns o.ff the 
o.utput. 

" PWR GND Return fo.r the High Current 
To.tem po.le o.utput. 

OUT High Current To.tem po.le 
o.utput. 

Vee Po.sitive Supply fo.r the IC 

5V VREF Buffered o.utput fo.r the 5V 
vo.ltage. reference. 

SIGNAL GND Analo.g signal ground. 

C(T) Timing Capacito.r fo.r the 
Oscillato.r. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Current (led ............................... 30mA Thermal Resistance (OIA) 
Output Current, Source or Sink (Pin 12) Plastic Chip Carrier (PCC) - Q ... . . . . . . . . . .. 60·C/W 

DC .................................................. 1.0A Plastic DIP - P ................................ 65·c/W 
Output Energy (capacitive load per cycle) ........... 51lJ Ceramic DIP - J .............................. 65°C/W 
Multiplier I(SINE) Input (pin 6) ..................... 1.2mA 
Error Amp Sink Current (pin 3) ................... 10mA OPERATING CONDITIONS 
Oscillator Charge Current ........................... 2mA 
Analog Inputs (pins 1, 4, 5) ................ -O.3V to 5.5V Temperature Range 
Junction Temperature .............................. 150·C Ml4812C .................................. O·C to +70·C 
Storage Temperature Range ........... -65·C to +150·C ML48121 ................................. -4Q·C to +85°C 
Lead Temperature (soldering 10 sec.) ............ +260·C ML:4812M ............................. -55°C to +125°C 

Absolute maximum ratings are those values beyond which the device could be permanentli damaged. Absolute maximum ratings are stress 
ratings only and functional device operation is not implied. 

ELECTRICAL CHARACTERISTICS Unless otherwise specified, RT = 14KO, CT = 1000pF, 
TA =, Operating Temperature Range, Vee = 15V (note 2), Pin numbers refer to 16-pin DIP package. 

PAAAMETER CONDITIONS MIN TYP 

Oscillator 

Initial Accuracy TJ = 25·C 91 98 

Voltage Stability 12V < Vcc < 18V 0.3 

Temperature Stability 2 

Total Variation line, temp. 90 

Ramp Valiey to Peak 3.3 

R(T) Voltage 4.8 5.0 

TJ = 25·C, VPIN 16 = 2V 7.8 8.4 
Discharge Current (pin 8 open) 

VPIN 16 = 2V 7.3 8.4 

Clock Out Voltage Low Rl = 16KO 0.2 

Clock Out Voltage High Rl = 16KO 3.0 3.5 

Reference Section 

Output Voltage TJ = 25·C, 10 = 1mA 4.95 5.00 

Line Regulation 12V < Vcc < 25V 2 

load Regulation 1mA < 10 < 20mA 2 

Temperature Stability 0.4 

Total Variation line, load, temp 4.9 

Output Noise Voltage 10Hz to 10KHz 
',' 

50 

long Term Stability TJ = 125·C, 1000 Hrs (note 1) 5 

Short Circuit Current VREF = OV -30 -85 

Error Amplifier Section 

Input Offset Voltage 

Input Bias Current -0.1 

Open Loop Gain 1 < VPIN 3 < 5V 60 75 

PSRR 12V < Vcc < 25V 60 75 

Output Sink Current VPIN 3 = 1.1Y, VPIN 4 = 6.2V 2 12 

Output Source Current VPIN 3 = 5.0Y, VPIN 4 = 4.8V -0.5 -1.0 

Output High Voltage IplN 3 = --{).5mA, VPIN 4 = 4.8V 
" ',' 5.3 5.5 

Output Low Voltage IplN 3 = 1mA, VPIN 4 = 6.2V 0.5 

Unity Gain Bandwidth 1.0, 

'Micro Linear 

MAX UNITS 

105 KHz 

% 

% 

108 KHz 

V 

5.2 V 

9.0 mA 

9.3 V 

0.5 V 

V 

5.05 V 

20 mV 

20 mV 

% 

5.1 V 

/lV 

25 mV 

-180 iliA 

±15 mV 

-1.0 /lA 

dB 

dB 

mA 

mA 

V 

1.0 V 

MHz 
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ELEaRICAL CHARAaERISTICS (Continued) 
Unless otherwise specified, RT = 14Kn, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2); 
Pin numbers refer to 16-pin DIP package. . 

PARAMffiR " CONDITIONS MIN lYP MAX 

Multiplier 

I(SINE) Input Voltage' I(SINE) = 5901lA .4 .7 .9 

I(SINE) = 500pA, PIN 4 = VREF - 20mV 460 480 510 

I(SINE) =.500pA, PIN 4 = VREF + 20mV 3 10 
Output Current (pin 2) 

I(SINE) =1mA,PIN 4 = VREF :" 20mV 900 950 1020 

I(SINE) = 500pA, PIN 4 = VREF - 20m\!, IPIN 7 = 50pA 455 

Bandwidth 200 

PSRR 12V< Vcc < 25V 70 

OVP Comparator 

Input Offset Voltage Output Off -25' +5 

Hysteresis ' Output'On 95 105 115 

Input Bias Current -0.3 -3 

Propagation Delay 150 

PWM Comparator: I(SENSE) 

Input Offset Voltage . ±1.5 

Input Offset Current ±1 

Input Common Mode Range -0.2 ,5.5 

Input Bias Current -2 -10. ' 

Propagation· Delay 150 

ILI~IT Trip Point VPIN 2 = 5.5V 4.B 5 5.2 

Output Section .: 

lOUT = -20mA 0.1 0.4 
Output Voltage low 

lOUT = -200mA 1.6 2.2 

lOUT = 20mA 13 13.5 
Output. Voltage High, 

lOUT = 200mA 12 13.4 

Output Voltage low in UVlO lOUT = -SmA, Vcc = BV 0.1 O.B. 

Output Rise/Fall Time CL = 1QOOpF 50 

VIH 2.0 , 
VIL O.B 

. Shut Down Input 
III .. VPIN 10 = OV -1.5 

IIH, VplN 10 = 5V 10 

Under-Voltage Lockout 

Start·Up Threshold 1S 16 1.7 

Shut-Down Threshold 9 10 11 

VREF Good Threshold 4.4 

"IOta! Device 

Start-Up, Vec = 14V, TJ = 25°C .B 1.2 
Supply Current 

Operating, TJ = 25°C 20 25 

Internal Shunt Zener Voltage Icc = 30mA 2S 30 34 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-Up Threshold first to activate the Ie, then returned to 15V. 

'Micro Linear 
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FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The ML4B12 oscillator charges the external capacitor 
(CT) with a current (lsET) equal to S/RsET. When the 
capacitor voltage reaches the upper, threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

T OSC = TRAMP + T DEADTIME 
where: 

and: 

50 

30 

T = CT x VRAMP VALLEY 10 PEAK 
RAMP ISET' 

T _ CT x VRAMP VALLEY TO PEAK 
DEADTIME - B.4mA - ISET 

ISET 

,I 

I -= 1 L ______________ ~ 

RAMP PEAK -;,; - -../"'\- - - -./""\--

RAMP VALLEY - L ----'..,~ .. ~ .. -::----\ --
Figure 1. Oscillator Block Diagram 

95% 

Vee' 15"'- '" x.. 
~. 25'C i'. 

, rv 1"-. 
"- ,I, 

"- ~ "<~ ... 
--.:...; - - "" " "'~ ['-. -

" ~ " ~ " ~; ..; ... ~ ---~ ,,~ ... 
I--~ " "- ~, 

~'+, ... "- --~ I'.. 
- - .~ - 1"'-" 

I 
.. ~L 
~~ 

; 

", 
" 

I"-

90% 

85% 

3 
20 30 50 100 200 300 500 

lose, OSCILLA1OR FREQUENCY (kHz) 
--- MAX DUlY CYCLE 

Figure 2. Oscillator Timing Resistance vs. Frequency 

ML4812 

OUTPUT DRIVER STAGE 

The ML4B12 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 

Vee/ SOURCE SATURATION - Vee' 15V 

~-I.O 
(Lo<\D 10 GROUND) I\Ot.IS PULSED LO<\D 

~ 
g-2.0 

TA' 25'C 
,120 Hz rrE 

TA' 55'C 

~ 
~ 3.0 

./ 
" _f" / 

TA • -55'C - ...-~ 2.0 / 1..0'"" 
TA - 25'(-

~ 1.0 

> 
o 
o 

/ 
SINK SATURATION // (Lo<\~ 10 ve1 rND, 

200 400 600 800 
10. OUTPUT LO<\D CURRENT (rnA) 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4812 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 

r----------------, 
+5V +8V 

.smA I 

1 L ________________ J 

Figure 4. Error Amplifier Configuration 

Vee· 15V 

-30 I---'l"--:k--+---+--+~~: It::~ 10 5.0V 

TA'" 25°( ~ 

~60r---~--~--~---r---r--~M ~ 
~ e o ~ 
~~ ~~ 

~ ~ 
~20 120~ 
~ ... 
.l 0 ISO iii: 
~ 
-2~LO---lOOl..---I . .1.0K---1..10~K--1...J0'::OK.,.--:-,:-:--u..""'IOJ80 

I, FREQUENCY (Hz) 

Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 
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MUlTIPLIER 

The ML4812 multiplier is a linear current input 
multiplier to provide high immunity to the disturbances 
caused by high power switching: The rectified lim!' 
input sine' wave is converted t6 a' current via'a 
dropping resistor. In this way, small amounts of ground 
noise produce an insignificant effect on the reference 
to the PWM comparator. 

The output ,of the multiplier is a current proportional to: 

~. lOUT Q( I(SI,NE) x I(EA) 

where I(SINE) is the current in the dropping resistor, 
and I(EA) is a current proportional to the output of the 
error amplifier. When the error amplifier is saturated 
high; the output of the multiplier is approximately 
equal to the,I(SINE) input current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output. The .' 
multiplier output is damped to 5V to provide current 
limiting. 

Ramp compensation is accomplished by subtracting 112 
of the current flowing out of pin 7 through a buffer 
transistor driven by C(T) which is set by an external 
resistor. 

500 

1 
$;400 

ERRORCURRENT 
r--- -----------, 

I 

I 

9V 

IISINE) x , 
ERROR CURRENT -
IlRAMP COMP)/2 

I I 
L ___ : ___________ ~ 

5V 

RAMPCOMP - IIRAMPCOMP) 

Figure 6. Multiplier Block Diagram 
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5 ./ 
./ 
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0200 

ffi 
~ 

/. 
~ ~ 

./ /'" 
~ V 
V ...... V 

.~~~f--I-"" 
5100 

~ 

o 
o 100 200 300 

....-V ,...-. 3.QV SZ' ... 
::> 

.....-V 

-~ ~ 
I!: 

2.5V 6 
:!; 

2.0V 10&;1 

1.5V 

400 500 

UNDER VOIJAGE LOCKOUT 

On power-up the ML4812 remains in the UVlO 
condition; output low and quiescent current 10'tV. The, 
IC becomes operational When Vee reaches 16v'When" 
Vee drops below 10Y, the UVLO condition is imposed. 
During the UVLO condition, the 5V VREF pin is "off'; 
making it us'!ble as.a "flag" for starting up a down- . 
stream PWM converter. 

20 

115 

i a 10 
iQ 
il: 
~ 
11 5 

>---_---_5V VREF 

Vee 

Figure 8. Under-Voltage Lockout Block Diagram 

-W -

TA· roc 

10 20 30 

Vee SUPPLY VOLTAGE M 

Figure 9a. lOtal Supply Current vs. Supply Voltage 

25 

.20 ... 
Z 
::! .. 
::> 15 u 

........... 
r--..... 

OPEilNG 
r---.... ......... 

............ CURRENT 

r--:--,... -

40 

iQ .. r----.. 
::> 
'" 10 

, 

lJ 

START-UP 
0 

60 "-40 -20 0 20 40 60 80 100 120 140 

SINE I~PUT CURRENT (pAl TEMPERATURE lOa 

Figure 7., Multiplier Linearity Figure 9b. Supply Current (Icd vs. Temperature 
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" 
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~ 
U -8.0 

~ 
~ -12 
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t:i z 
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~ 

f20 TA "125'c 

-24 
o 20 40 60 80 

10Ef, REFERENCE SOURCE CURRENT (mAl 

Figure 10. Reference Load Regulation 

APPLICATIONS 
INPUT INDUOOR (l1) SELEalON 

100 120 

The central component in the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 
size. 

One more condition where the inductor can dry out is 
analyzed below· where it is shown to be. maximum duty 
cycle dependent. 

For the boost converter at steady state: 

VIN 
VOUT =--- (1) 

1 - DON 

Where DON is the duty cycle [T ON/(T ON + T OFF)]. The 
input boost inductor will dry out when the following 
condition is satisfied: 

or 

V1NDRY = [1 - DON (max)] x VOUT 

VINDRY: Voltage where the inductor dries out. 
VOUT: Output dc voltage. 

(2) 

(3) 

Ml4812 

Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt
seconds. I n energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 

The recommended maximum duty cycle is 95% at 
100KHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: VOUT =. 380V and 
DON (max) = 0.95 

then substituting in (3) yields VINDRY = 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase' in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 

Step 1: Find minimum operating current. 

. . 1.414 x PIN(min) 
IIN(mm)PEAK = ----"-'--

VIN(max) 

VIN(max) = 260V 
PIN(min) = SOW 

then: IIN(Jnin)PEAK = 0.272A 

(4) 

Step 2: Choose a minimum' current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 

then: ILORY = 100mA 

Step 3: The value of the inductance can now be found 
using previously calculated data. 

VINDRY x DON(max) 
U= ~ 

ILORY x fosc 
20V x 0.95 

= =2mH 
100mA x 100KHz 

The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement is that the ramp compensation must 
be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 
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Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of L 1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
i!4229PLOO-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180" for this 
application. 

OSCILLATOR COMPONENT SELEOION 

The oscillator timing components can be calculated by 
using the following expression: 

1.36 
fose = --- (6) 

RT x CT 

For example: 

Step 1: At 100KHz with 95% duty cycle T OFF = 500ns 
calculate CT using the following formula: 

CT = T OFF x 1015 = 1000pF (7) 
Vase 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 
RT=----

fose x CT 100KHz x 1000pF 

= 13.6KO choose RT = 14KO. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELEOION 

(8) 

Slope compensation in the ML4812 is provided 
internally. Rather than adding slope to the noninverting 
input of the PWM comparator it is actually subtracted 
from the voltage present at the inverting input of the 
PWM comparator. The amount of slope compensation 
should be at least 50% of the downslope of the 
inductor current during off time as reflected to the 
inverting input of the PWM comparator. Note that 
slope compensation is required only when the inductor 
current is continuous and the duty cycle is more than 
50%. The downslope of the inductor current at the 
verge of discontinuity can be found using the 
expression given below: 

diL VOUT - VIN DRY 380V - 20V 

dt L 2mH 
(9) 

= 0.18 A/fJ.s 

The downslope as reflected to the input of the PWM 
comparator is given by: 

VOUT - VIN DRY 
SPWM = ---'-'----'-=-'-'-

L 

Rs 
x-

Ne 
(10) 

ML4812 

Where Rs is the current sense resistor and Ne is the 
turns ratio of the current transformer (T1) used. In 
general, current transformers simplify the sensing of 
switch currents especially at high power levels where 
the use of sense resistors is complicated by the amount 
of power they have to dissipate. Normally the primary 
side of the transformer consists of a single turn and the 
secondary consists of several tums of either enameled 
magnet wire or insulated wire. The diameter of the 
ferrite core used in this example is OS' (SPANG/Magnetics 
F41206-TC). The rectifying diode at the output of the 
current transformer can be a 1 N4148 for secondary 
currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4812. 

The value of the ramp compensation (SCPWM) as seen 
at the inverting terminal of the PWM comparator is: 

2.5 x RM 
SCPWM = (11) 

RT x CT x Rse 

The required value for Rse can therefore be found by 
equating: 

SCPWM = Ase x SPWM 

where Ase is the amount of slope compensation and 
solving for Rse. 

The value of RM (pin 2) depends on the selection of Rp 
(pin 6) 

VIN(max)PEAK 260 x 1.414 
Rp = = 750K (12) 

ISINE(peak) O.5mA 

VeLAMP x Rp 4.9 x 750K 
RM = 28.8K (13) 

VIN(min)PEAK 90 x 1.414 

The peak of the inductor current can be found 
approximately by: 

1.414 x 200 
----= 3.14A 

90 
(14) 

Selection of Ne which depends on the maximum 
switch current, assume 4A for this example is 80 turns. 

VeLAMP x Ne 4.9 x 80 
Rs = --- = 1000 (15) 

ILPEAK 4 

Where Rs is the sense resistor, and VeLAMP is the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V. In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application VeLAMP was 
chosen as 4.9V. 

Having calculated Rs the value SPWM and of Rse can 
now be calculated: 

380V - 20 100 
SPWM = x - = 0.225V/ fJ.s 

2mH 80 
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, 2.5 xRM 
"Rse = (16) 

Aseix SPWM x Rr x Cr 
, ,'2.5 x 28.8K 

Rse =. . '.' . .= 33K 
. 0.7 x (.225 x 106) X 14K x 1 nF 

The following values were used in the calculation: 

RM= 28 .. 8K 
Rr = 14K 

Asc = 0.7. 
Cr = 1nF 

VOLTAGE REGUlATION COMPON~NTS 

The values of the voltage regulation loop components 
are calculatec;l b~ec;l on the operating output voltage. , 
Note that voJt~ge safety regulations require the use of 
sense resistors that have adequate voltage. rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series~ The input bias current 
of the error amplifier, is approximately O.5pA, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be O.4W then with 
380V output voltage the value can be calculated as 
follows: 

R1 = (380V)2/0.4W = 360K (17) 

Choose two 178K" ~%. connected in series. 

Then R2 can be calculated using the formula below: 

VREF xR1 5Vx 356K 
R2 = . = 4.7 47K (18) 

Your ~ VREF 380V - 5V 

Choose 4.75K, 1%. Qne more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output If tl)is ripple is not adequately 
attenuated itwiU cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 

1 
~=' . , ~ 

3.142.x R1 X"BW 
1 

CF =3;142 x 356K x· 2Hz = O.44pF 

OVERVOLTAGE PR011:CTlpN (OVP) COMPONENTS 

The OVP loop should beset so that there is no 
interaction with the voltage control loop. Typically it, 
should be setto ,a Jevel where the power components 
are safe to operate. Ten to fifteen volts above Your 
seems to be adequate. This sets the maximum transient 
output volta!?e to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as. above i.e. ~ =356K then Rs 
can be calculated .as: 

VREF x ~ 5V x 356K 
Rs - =. = 4.564K (20) 

Vovp - VREF 395V - 5V 

Choose 4.53K, 1%. 

Note ihat R1, R2; ~ and Rsshould be tigh~ tolerance 
resistors such as 1% or bettfi!r. 

CONTROLLER SHUTDOWN 

The ML4812 provides a shutdown pin which could be 
used to shutdown the Ie. Care should be taken when 
this pin is used because power supply sequencing 
problems could atiseif another regulator with its own 
bootstrapping follows the ML4812. In such a case a 
spedal.circuit should be used to allow for orderly·start 
up. One way to accomplish this is by using the ' 
reference voltage of the ML4812 to inhibit the other 
controller IC or to shut down its bias supply current. ' 

OFF-LINE START-UP AND BIAS SUPPLVGENERATION 

The ML4812 can be started using a "bleed resistor" 
from the high voltage bus. After the voltage on pin 13 
(Vecl exceeds 16V, the IC starts up. The energy stored 
on the 330pF, C15, capacitor supplies the IC with 
running power until the supplemental winding on L 1 
can provide the power to sustain operation. . 

The values of the start-up resistor R10 and capacitor 
C15 may need to,be optimized depending on the 
application. The charging waveform for the secondary 
winding of l1 is an inverted chopped sinusoid which 
reaches its peak when the line voltage is at its 
minimum. In this example, C9 = .1pF, C15 = 330pF, 
08 = 1 N4148 R10 = 39K, 2W. 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted 'Iines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
IEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 

CONSTRUCTION AND lAYOUT TIPS 

High frequency power circuits require special care 
during breadboard c()l1struction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical' switching 
leads (power FET, output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductiv~ and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
OS, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 
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The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FET. The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor (CH in Figure 11). 

ML4812 

The lC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 

Component Values/Bill of Materials for Figure 11 

Reference Description Reference Description 

C1, C4 1JlF, 630V Film (250 VAC) Q2 LM781SCT 

C3, CH 6.8nF 1 KV Ceramic disk Q3 2N2222.or equivalent 

CS, t6 680JlF 200V ElectrolYtic R1A, R1B, R4A, R4B 180KO 

C8, C9 .1JlF SOV Ceramic R2A, R5A 10KO TRIMPOT BOURNS 3299 

C10, C19 1JlF SOV Ceramic 
or equivalent 

C11 .001JlF SOV Ceramic 
R2B, R5B 3.9KO 

C1S 330JlF 2SV Electrolytic 
R3, R13 22i<O 

C16 100JlF 2SV Electrolytic 
R6, R7, RPB 1S0KO 

C17 10JlF 2SV Electrolytic 
R10 39KO,2W 

CF .47JlF·SOV Ceramic 
R11 33KO 

CT .002J1F SOV Ceramic 
R12 1KO 

01, 02, 03, 04, 010 1 NS406 (Motorola) RG 100 

05 MUR8S0 (Motorola) 
RM 27KO 

06,08,09, 1N4148 
RPA, R15 360KO . 

011, 012, 013 RS 1000 

F1 SA 2S0V 3AG with clips RSC 33KO 

IC1 ML4812CP (Micro Linear) RT 7.5KO 

L1 2mH, 4A IpEAK (see below) T1 SPANG F41206-TC 

Q1 IRF840 or MTPN8NSO 
Ns = 80, Np = 1 (see attached) 

Notes: All resistors 1/4W unless otherwise specified. Some reference designators are skipped (e.g. C2, C12;etc.) and do not appear on the 
schematic. These designators were used in previous revisions of the board and are not used on this ~evision. Additional information 
on key components is included in the attached appendix. 
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Magnetics Tips (Refer to Figure 11) 

l1 - Main inductor: 

One.9f several toroidal cores Can be used for l1: 

Material Manufacturer 

Powdered Iron Micrometals 

Powdered Iron Micrometals 

Molypermalloy SPANG (Mag. Inc.) 

The T184-4O core above is the most economical, but 
has lower inductance at high current. This would yield 
higher ripple current and require more line EMI 
filtering. The value for RSC (slope compensation resistor· 
on Pin 7) was.calculated for the T225-8/90 and should 
be recalculated for other inductor characteristics. 
Selected pages of the Micrometals iron powder core 
data sheets are attached for your convenience. The 
core manufacturer also has additional applications 
literature available. . 

A gapped ferrite core can also be used in place of the 
powdered iron core. One such core is a Ferroxcube 
core #4229PlOO-3C8, This is an un-gapped core. Using 
145 turns of #24 AWG wire, a total air gap of .180' is 
required to give a total inductance. of about 2mH. Since 
1/2 of the gap will be on the outside of the core and 
1/2 the gap on the inside, putting a .09" spacer in the 
center will yield a .180' total gap. To prevent leakage 
fields from generating RFI; a shorted turn of copper 
tape should be wrapped around the gap as shown 
below: 

.09" GAP 

For production, a gapped center leg can be ordered 
from most core vendors, eliminating the need for the 
external shorted copper turn when using a pot core. 

Part # Turns (#24AWG) 

T225-8/9O 200 

T184-4O. 120 

58076-A2 (high flux) 180 

T1 - Sense Transformer 

In addition to the core type mentioned in the parts list, 
the following Siemens cores should be suitable for 
substitution and may be more readily available in 
Europe. 

Material Size Code Part # 

N27 R16/6.3 B64290-K45-X27 

N30 R16/6.3 B64290-K45-X830 

The N27 material is for high frequency and will work 
better above 100kHz but both are adequate. In 
!lddition, Ferroxcube/Phillips Magnetics core 768T188-
3C8 can be used. 

U.S. Core Vendors: 

Manufacturer Phone Number 

SPANG/Magnetics Inc. (412)282-8282 

Micrometals (800) 356-5977 

Ferroxcube/Phillips Magnetics (818) 998-7311 
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lN5406 

1. ALL UNSPECIFIED DIODES ARE 1 N4148. 
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RIA 
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CF 

3. ALL UNSPECIFIED CAPACITOR VOIlilGE RATINGS ARE SOY. 

R4A 
lOOK 

R4B 
lOOK 
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360K 
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ORDERING INFORMATION 

6 .. 44 

PARr NUMBER 

Ml4812CP 
Ml4812CQ 
Ml4812IP 
Ml4812IQ 
Ml4812MJ . 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

-40°C to +85°C 
-40°C to +85°C 
-55°C to +125°C 

PACKAGE 

MOLDED DIP (P16) 
MOLDED PCC (Q20) 
MOLDED DIP (P16) 
MOLDED PCC (Q20) 
HERMETIC DIP (J16) 
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.~Micro Linear 
ML4812EVAL 

Power Factor Controller Evaluation Kit 

GENERAL DESCRIPTION FEATURES 

• Power Factor> .99 
The ML4812EVAL kit provides a convenient vehicle to 
evaluate the ML4812 Power Factor Correction circuit. The 
board implements a 200W "boost" type power factor 
correction system. Special care has been taken in the 
layout of this PC board to provide adequate space for 
probes and a large area for ground plane to increase 
system noise immunity. 

• Harmonic currents well below proposed IEC555-2 
limits. 

• 90 to 256VAC input, 380V output to 200W 

• 380VDC output to 200W 

• Over-Voltage Protection 

This kit includes a blank PC board, schematic of a 
complete power factor correction system and 
specifications for the key external components necessary 
to build a prototype Power Factor Correction front end. 
The unit is designed to operate over 90VAC to 256VAC 
line range and can run from no load toa full 200W. 
Higher power levels can be achieved using this board by 
using larger external components. 

• Peak Current sense circuit protects Power MOSFET 

• PC board and ML4812CP controller included 

• Line and Load regulation better than 2% 

• Complete documentation and applications information 

This boost mode converter is set to run with a 380V 
output and achieves power factors of better than .99 over 
a wide range of input line and output load. 

BLOCK DIAGRAM 

KIT COMPONENTS 

• User's Guide 

• ML4812 Datasheet 

• ML4812 Sample 

• Evaluation Board 

• Powder Iron Toroidal Core 
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, PRELIMINARY 

ML4813 

Flyback, Power Factor Controller 

GENERAL DESCRIPTION 
The Ml4813 is designed to optimally facilitate a 
discontinuous "flyback" or "buck-boost" type power 
factor correction system for low power, low cost 
applications. Special C<lre has been taken in the design 
of the Ml4813 to reject system noise. The circuit 
includes a precision reference,' oscillator, error 
amplifier, over-voltage comparator, over-current 
comparator, and an extra op-amp <IS well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis; 

In a typical application, the Ml4813 functions as a 
voltage mode regulator. By maintaining a constant' duty 
cycle, the current follows the input voltage, making the 
impedance of the entire circuit' appear purely resistive. 
With the flyback circuit, power factors of .99 are easily 
achievable with a small output inductor and. a 
minimum of external components. 

BLOCK DIAG RAM (Pin out shown is for DIP) 

FEATURES 
• Precision buffered SV reference (±1%) 
• Extra op-amp for output voltage instrumentation 

amplifier 
• Over Current comparator for switch protection 
• Soft Start and 6V hysteresis under-voltage lockout 

for easy low surge off-line starting 
• 1 A Peak Current Totem-Pole' Output Drive 
• Over-Voltage comparator eliminates output 

"runaway" due to load removal 
• large oscillator amplitude for better noise 

immunity 

APPLICATIONS 
• PC power supplies 
• lamp Ballasts 

r···················································· ......................................................................................... :.::: .... \ 
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PIN CONFIGURATION 

I(L1MIn 

SOFT STAR! 

COMP 

VIFB) 

OVP 

OAOUT 

OA-

OA+ 

Ml4813 
16-Pin DIP 

lb-PIN DIP 

PIN DESCRIPTION (DIP) 
PIN # NAME FUNCfION 

I(LlMIT) Current limit sense pin. Normally 
connected to sense resistor. When 
this pin exceeds 1V, the PWM 
cycle is terminated. 

2 SOFT START Normally connected to a Soft Start 
capacitor. 

3 COMP Output of error amplifier and 
input to PWM comparator. 

4 V(FB) Control loop feedback voltage. 

S OVP Input to over voltage comparator. 

6 OAOUT Output of uncommitted op-amp. 

7 OA- Negative input of uncommitted 
op-amp. 

8 OA+ Positive input of uncommitted 
op-amp. 

J(L1MIT) 

SOFT START 

COMP 

V(FB) 

OVP 

OAOUT 

OA-

OA+ 

PIN # NAME 

9 R(T) 

10 SYNC 

11 PWR GND 

12 OUT 

13 Vee 

14 SV VREF 

lS SIGNAL GND 

16 C(T) 

'Micro Linear 

Ml4813 

Ml4813 
16-Pin SOIC 

c(T) 

SIGNALGND 

5V VREF 

Vee 

OUT 

PWKGND 

SYNC 

KIT) 

TOP VIEW 

FUNCfION 

Oscillator timing resistor pin. A SV 
source sets a current in the 
external resistor which is mirrored 
to charge C(T). 

Input used to synchronize the 

I oscillator to an external source. 

Return for the High Current 
Totem pole output. 

High Current Totem pole output. 

Positive Supply for the IC 

Buffered output for the SV voltage 
reference. 

Analog signal ground. 

Timing Capacitor for the Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Junction Temperature ................................. 150°C 
Storage Temperature Range ................ -65°C to +150°C 
Lead Temperature (Soldering 10.sec.) ................. +260°C 

Supply Current (led ................................... 40mA 

Thermal Resistance (i1JA) 
Plastic DIP or SOIC ............................... 65°C/W 

Output Current, Source or Sink (Pin 12) 
DC ................................................... 1.0A 

Output Energy (capacitive load per cycle) ................ 5pJ 
OPERATING CONDITIONS 

Error Amp Sink Current (pin 3) ........................ 10mA Temperature Range 
Oscillator Charge Current .............................. SmA ML4813C ...................... ,............... O°C to 70°C 
Analog Inputs (pins 1, 3-8) ..................... -O.3V to 5.5V 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RT = 14Kn, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (Note 2) 

PARAMmR CONDITIONS MIN ·1 TYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25°C 90 97 104 KHz 

Voltage Stability 12V < Vee < 18V 0.3 % 

Temperature Stability 2 % 

Total Variation line, temp. 88 108 KHz 

Ramp Valley 1.0 V 

Ramp Peak 4.3 V 

R(T) Voltage 4.8 5.0 5.2 V 

Discharge Current (pin 8 open) TJ = 25°C, VPIN 16 = 2V 7.5 8.4 9.3 rnA 

VPIN 16 = 2V 7.2 8.4 9.5 rnA 

Sync Pulse Threshold .8 1.4 2.0 V 

Sync Input Bias Current 350 800 '. pA 

Reference Section .' .. 
Output Voltage TJ = 25°C, 10 = 1mA . 4.95 5.00 5.05 V 

Line Regulation 12V < Vee < 25V 6 20 mV 

Load Regulation 1mA < 10 < 20mA 3 20 mV 

Temperature Stability .4 % 

Total Variation line, load, temp. 4.9 5.1 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

Long Term Stability TJ = 125°C, 1000 Hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -30 -85 -180 rnA 

Error Amplifier Section 

Input Offset Voltage -15 15 mV 

Input Bias Current -0.1 -1.0 pA 

Open Loop Gain 1 < VplN 3 < 5V 60 75 dB 

PSRR 12V < Vee < 25V 60 70 dB 

Output Sirik Current VP1N 3 = 1.1Y, VPIN 4 = 6.2V 2 12 rnA 

Output Source Current V PIN 3 = 5.0Y, V PIN 4 = 4.8V -0.5 -1.0 rnA 

Output High Voltage IplN 3 = -O.5mA, VPIN 4 = 4.8V 5.3 6.4 V 

Output Low Voltage IplN 3 = 2mA, V PIN 4 = 6.2V 0.5 1.0 V 

Unity Gain Bandwidth 1.0 MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMETER I CONDITIONS I MIN I lYP I MAX I UNITS 

Un-Committed Op Amp 

Input Offset Voltage -10 10 mV 

Input Bias Current -0.1 -2.0 /lA 

Input Offset Current -0.35 0.35 /lA 

Open Loop Gain 90 dB 

PSRR BO 125 dB 

Output High Voltage IplN 3 = -10mA 6.5 B V 

Output Low Voltage Rl(PIN 6) = 10Kel .2 .5 V 

I(UMIn Comparator 

Input Trip Point Output Off .B 1.0 1.2 V 

Input Bias Current -2 -15 /lA 

Propagation Delay 150 nS 

OVP Comparator 

Input Trip Point Output Off 5.5 5.6 5.7 V 

Hysteresis Output On 100 mV 

Input Bias Current -0.3 -3 /lA 

PWM Comparator 

Input Common Mode Range -0.2 5.5 V 

Input Bias Current -2 -10 /lA 

Propagation Delay 150 nS 

Soft Start Section 

Soft Start Current (pin 2) VPIN 2 = 1V /lA 

Output Section 

Output Voltage Low lOUT = 10mA 0.1 0.4 V 

lOUT = 200mA 1.2 2.2 V 

Output Voltage High lOUT = -20mA 13 13.6 V 

lOUT = -200mA 12 13.4 V 

Output Voltage Low in UVLO lOUT = SmA, Vee = BV 0.1 O.B V 

Output Rise/Fall Time CL = 1000pF 50 nS 

Under-Voltage Lockout 

Start -up Threshold 15 16 17 V 

Shut-Down Threshold 9 10 11 V 

VREF Good Threshold 4.4 V 

Total Device 

Supply Current Start-up, Vee = 14V .9 1.5 mA 

Operating 20 30 mA 

Internal Shunt Zener Voltage Icc = 30mA 25 30 34 V 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-up Threshold first to activate the Ie, then returned to 15V. 
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FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The ML4813 oscillator charges the external capacitor 
(<:T) with a curr~nt (lSfT) equal.to S/RsfT' When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor. 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

where: 

and: 

T OSC = TRAMP + T DEADTIME 

TRAMP = C (Ramp Valley to Peak) -7- 15fT 

T DEADTIME = C (Ramp Valley to Peak) -7-
(8.4rnA - 15fT) 

A pulse of a duration shorter than T DEADTIME from an 
external frequency source set to a higher frequency 
thanfosc can be. applied to pin 10 to synchronize the 
oscillator. R(SYNC) and C(SYNC) shorten longer pulses. 

EXTERNAL CLOCK. 

bl-N ... O_~_--I 
RISYNO 

cm 

I 
_. I 

______________ 1· 

CLOCK n n 
To ...... 11-

RAMP PEAK -;~ - -.7\ ---.:,.7\- --
RAMPVALLEY _L ____ V __ _ L_ 

Figure 1. Oscillator Block Diagram 
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Figure 2. Oscillator Timing Resistance vs. Frequency 
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OUTPUT DRIVER S-P.cE 

The ML4813 Output Driver is a1A peak output high 
speed totem pgle circuit d!:!sig~ed to ·qui¢kIYdriV¢'· 
capacitive loads, such as power MOSFET gates .. : 

o 
vee? I SOURCE SATURAnoN vee - 15V 

~-1.0 I (LOIID TO GROUNDI - 80iJs PULSED 10llD 
TA - 25°C J . 1120 Hz RATE 

TA' -Ssoc 
~ 
~-2.0 

. I ./ 
~ '. 
::0 '< 3.0 
'" 

_ .... 
~ 2.0 

5 
TA'='-SSoc 

/ V - T;:~-

~ 1.0 
> 

o 
o 

/ I 
V/ SINK SATURATION 

I (L<>Alj TO veil PND'I 
200 400 600 800 

10. OUTPUT LOIID CURRENT (mAl 

Figure 3 •. Output Saturation Voltage vs. Output' Current 

ERROR AMPLIFIER 

The ML4813'error amplifier is a high open)oop gai~, 
wide bandwidth, amplifier. 

----------------, 
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Figure 4. Error Amplifier Configuration 
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Figure 5. Error Amplifier Open-Loop Gain and Phase. 
vs. . Frequency 
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UN-COMMITTED OP-AMP 

The ML4813 contains an un-committed op-amp which 
is normally configured as a differencing amplifier to 
sense the output voltage. The output voltage in the 
flyback configuration is not ground referenced. The op
amp in the ML4813 is a PNP input amplifier similar to 
the LM324 but with an open emitter output stage (class 
A). 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4813 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vee reaches 16V. When 
Vee drops below 10\1, the UVLO condition is imposed. 
During the UVLO condition, the SV VREF pin is "off'; 
making it usable as a "flag" for starting up a down
stream PWM converter. 

vee 

Figure 6. Under-Voltage Lockout Block Diagram 
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Figure 7. Reference Load Regulation 
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Figure 8. Total Supply Current vs. Supply Voltage 

APPLICATIONS 
The ML4813 is used to implement a discontinuous 
mode flyback (buck-boost) power factor regulator. This 
topology is particularly well suited for low power 
applications such as: fluorescent ballasts; and low power 
switching supplies. Also it is a useful topology when 
there is a requirement for the output voltage to be 
lower than the peak input voltage, or where an isolated 
output is required. This is not possible with the boost 
topology, where the output voltage must always be 
higher than the maximum peak of the input voltage 
range. The typical input range for the f1yback power 
factor regulator is from 90 VAC to 260 VAC. 

The regulator operates in the discontinuous inductor 
current conduction mode. The inductor energy stored 
during the "ON" time of the power switch Q is 
completely delivered to the output capacitance during 
the "OFF" time. At steady state conditions, the inductor 
current at the beginning of the "ON" time starts to 
ramp-up from 0 Amps to a value that is determined by 
the instantaneous value of the input full wave rectified 
voltage; the "ON" time as it is set by the error amplifier 
and the PWM comparator; and finally by the inductor 
itself (L). 

L1 

01 

C1 

+---fi--+--0' vouJ+ 

cg~~~~LI---=-__ ---1 
(ML4B13) 1-------+ 

RS 

Figure 9. Block Diagram of the Regulator 
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The expression for the inductor peak current is given 
by: 

Where: 

(1) 

It(8) = The instantaneous peak inductor current. 
tON = Power switch "On" time. ' 
VIN(8) = Vp sin 8 = Instantaneous Input Voltage. 
Vp = Input Peak Voltage. 

Figure 10, is a diagram of the relationship between the 
low frequency envelope and 'the high frequency 
inductor current. Note that for clarity the scale- between 
the two waveforms has not been preserved. Normally 
for 60Hz input line and 100KHz switching frequency. 
each half of the sine wave contains approximately 833 
high frequency triangular waveforms. 

•••••••••••••••••••• h •••••••• .... . .... ..... 

-' INDuctoR CURI!fNT········ SINUSOIDAL PEAK ENVELOPE' 

- SWIKH: CliRRENT -,-AVERAGE CURRENT 

Figure 10. Switch and Line Currents in the 
Flyback PFC Circuit 

The envelop~ of the peaks of the swjtch current, which 
in this case represent the current drawn from the input 
source, have a sinewave shape. This relationship is 
shown as: 

Id8) = Ip sin 8 (2) 

Combining (1) and (2) thefolfowing useful relationship 
is obtained: 

" L I 
tON = ,P (3) 

V2VRMS 

Note that VIN(8) = Vp sin 8, and also \lp = V2 VRMS. The 
average value of the input triangular current is: 

Where: 

tON 
IAVd8) = - Ip sin 8 (4) 

2T 

IAVG = Average value of ·the switch current. 
This is the value of the current at the input of 
the regulator after filtering. 
tON = Switch "on" time. 
T = Period of the switch cycle .. 

Substitution of (3) into (4) yields. 
L Ip2 

I (8) - sin 8 (5) 
AVG - 2.828 T VRMS 

Equation (5) clearly shows that the average value of the. 
switch current is sinusoidal and in phase with the input 
voltage. The peak value of the average current is:' 

LJp2 
I·,v· G(PEA' K) = . sin 8 (6) 
~ . " 2.828 T VRMS 

Also: 
, V2PIN 

IAVG(PEAK) = -V-- (7) 
RMS 

Solying equations (7) and (6) for PIN: 

1 .. 
PIN = - l Ip2 f (8) 

, 4 

For optimum periorman<;:e and the lowest inductor 
peak currents, the inductor current should be at the 
verge of continuity at the lowest operating voltage 
point and at full load. The above can be satisfied if: 

VIN VOUT 
Ip:S:; ,,' (9) 

f L(VIN + VOUT) 

Where: VIN= V2 x VIN MIN (RMS) 

Finally (8) and (9) can be combined to derive an upper 
bound for the inductor value that will guarantee that 
the regulator always stays in the discontinuous mode of 
operation. If the regulator were to operate in the , 
continuous mode the average input current would not 
be sinusoidal. 

[ VIN VOUT . ]2 
L < (10) 

- 2~ (VIN + VOUT) 

FlYBACK INDUCTOR CALCULATION 

Equation (10) gives. the upper bound for the inductor 
value for any set of specified operating conditions. 
Normally a few iterations may be required, for finalizing 
the value. The reason for this is that ,equation (10) does 
not contain parameters to correct for second or third 
order effects. All this means that a good initial value for 
the inductor is probably 10 to 20% lower than the value 
calculated by the right hand side expression in (10). 

Several core materials are candidates for the inductor, 
such as: powder iron cor~, gapped ferrites, moly 
permalloy cores, etc. .In th~ application that will be 
described later, a gapped ferrite core is used. 

There are no particular re~trictions on the inductor 
except that the inductance is of correct val ue and the 
losses are acceptable. 

INPUT BYPASS CAPACITANCE 

The triangular high frequency current is bypassed by 
the input capacitor (CI) labeled C7 in Figure 12. This is a 
high quality film capacitor with low ESR value for 
minimum losses and heating. A polyester, 
polypropylene or x-type (for line side) is a good 
candidate. Typical values, depending on the power 
level, can range anywhere from 0.33pF to l.5pF. The 
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next filtering stage of the RFI filter which has an 
inductor as input isolates C7 from the other capacitors 
which may be present at the input circuit. Note that CI 
(C7) can be on eith~r side of the bridge rectifier. The 
preferred location for low crossover distortion is at the 
input side. The voltage ripple across this capacitor is: 

Where: 

D {P;; V2 PIN 
VC(p-P) = Clf V U - Clf VIN (11) 

VC(P-P) = Peak to peak worst case high 
frequency capacitor voltage. 
D = Switch Duty Cycle. 

Therefore the RFI filter that follows has to be able to 
atten uate V CiP-P) to the levels set by the relevant 
regulatory specifications. 

INPUT TRANSIENT OVERVOIJAGE PROTEalON 

Careful examination of the power circuits reveals that 
there is no large capacitance at the input of the 
regu lator. The only capacitances present are the RFI 
filter capacitors. These capacitors have a combined 
value in the range of a couple of microfarads. Thus 
their ability to absorb and minimize any line induced 
transients is almost non existent. Transients can occur 
also under sudden load removal. If the line impedance 
is inductive, hazardous drain source voltages may be 
generated leading to the destruction of the power 
switch. To keep this from happening a transient over
voltage protection device should be chosen such that 
enough safety margin is allowed for the power switch. 
A good rule of thumb is: 

Where: 

BVDSS > VZA + VOUT(OVP) (12) 

BVDSS = Drain-Source breakdown voltage for 
the FET. 
VZA = Activation or clamping voltage of the 
over-voltage transient protector. 
VOUT(OVP) = Maximum output voltage. This is 
set by the OVP function of the controller, and 
will be covered later. 

THE OUTPUT CIRCUIT 

The output circuit for this topology, although it is non
isolated, does not share the same ground with the 
power circuit. Therefore connecting the two grounds 
with the measuring leads of instruments should be 
avoided. This is a common mistake especially with the 
oscilloscope leads. 

The output voltage "rides" on the input voltage when 
the (+) output is measured with respect to PGND 
(figure 11). 

The extra OP-AMP provided in the ML4813 is used to 
sense the output voltage for regulation and over 
voltage conditions. This op-amp is connected as a 
difference amplifier with its output referenced to 
PGND. Resistors RH1, RH2, RL 1, RL2 are used to .scale. 
down the voltage. 

ML4813 

! 200V 

TIME 

Figure 11. Output Voltage with Respect to PGND 

Normally RH1 = RH2 = RH and RL 1 = RL2 = RL. Then 
the voltage designated as Vs in Figure 9 is given by: 

RL 
Vs = VOUT RH + RL (13) 

OUTPUT CAPACITANCE 

The output capacitance should be calculated such that 
it has the required output ripple at the worst case 
operating point. In addition the ESR should be 
sufficiently low to prevent dissipation due to RMS 
currents. The first criterion can be met by choosing the 
value of the output capacitor based on the following: 

Where: 

C 2:: PIN (14) 
277fL l!..VR VOUT 

C = Total output capacitance. 
PIN = Total input power. 
l!.. VR = Peak output capacitor ripple voltage. 
VOUT = Output Voltage. 
fL = Line Frequency times 2 (120 for 60Hz line). 

The second criterion for the selection of the output 
capacitor can be satisfied by choosing a component 
with adequately low ESR value, that can safely bypass 
the RMS currents. 

OUTPUT DIODE 

The output diode can be a "fast" or ultrafast" type 
depending on the operating frequency. Reverse 
recovery losses are low since at steady state and under 
normal operating conditions the regulator operates in 
discontinuous current mode. The diode should be 
rated to handle the output current. The resulting power 
dissipation will be the forward drop of the diode times 
the output current. 

POWER SWITCH 

If a power FET is used, it should be sized for the 
required efficiency. Lower RDS(ON) devices will yield 
lower losses, but if they are operated at high 
frequencies (100KHz) higher charge dumping losses (1/2 
CDS VDS2 f) will be experienced. The RMS current value 
through the power FET and the sensing resistor is: 
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(15) 

Where: 

IRMS = Total RMS current through the power 
FET and sense resistor. 
fl = line Frequency times 2 (120 for 60Hz line). 
r = fSWITCHlfl. 

Table 1 is provided to assist in calculating (15) above. 
When the power switch is a bipolar transistor (constant 
VCE drop) then the power dissipation produced can be 
calculated by using (16): 

Where: 

0.9 PIN 
Po = -- VCE (16) 

VRMS 

Po = Power dissipation by the transistor 
(conduction losses). 
VRMS = RMS value of the minimum 
input voltage. 
VCE = Collector Emitter forward drop of 
the power transistor. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

A fast starting circuit is shown in figure 12. MOSFET Q2 
quickly charges the Ie's Vcc capacitor (C8) when the 
supply is initially turned on. This allows the supply to 
come on less than 1 second after AC power is applied. 
A simpler start-up circuit may be used which replaces 
the active circuit with a '39KO 2W resistor but starts 
more slowly (up to 15 seconds under low line· 
conditions). Systems which do not require quick 
starting can reduce cost with the latter start-up method. 

fSWITCH ~ r k" 
(KHz) 

::Esin2 -
r k = 1 r 

20 167 9.1 
30 250 11.2 
40 333 12.9 
50 417 14.4 
60 500 15.8 
70 583 17.1. 
80 667 18.3 
90 750 19.4 
100 833 20.4, 
110 917 21.4 
120 1000 22.4 
130 1083 23.3 
140 11,67 24.2 
150 1250 25.0 

" ~, 
160 1333 25.7 
170 ,.1417 26.5 
180 ,1500 2Z3 
190 1583 28.0 
200 1667 28.9 c 

Table 1. Figures for Calculating '~S (eq: 15) 

ML4813 

POWER FACTOR ENHANCEMENT 

Some combinations of line and load may exhibit 
distortion of the input current waveform. This distortion 
is usually caused by the inductor "ringing" with the 
Cos of the power MOSFET, resulting in a non-zero 
inductor current at the beginning of the next cycle. 
This ringing can be dampened by using R2 and D7 in 
figure 12. Applications which can get by with slightly 
worse power factor can eliminate these components. 

ADJUSTING THE OUTPUT VOLTAGE 

The error amplifier creates an error voltage from the 
difference between the output voltage presented on 
pin 6 and the 5V internal reference. Since the output 
voltage is not ground referenced, the ML4813's internal 
op-amp is connected as an instrumentation amplifier 
(figure 13). 

The output voltage is set by a combination of resistors 
which determine the relationship between (VOUT+ -
VOUT-) and the output of the op-amp (pin 6). For the 
following discussion, R15' = R15 + R16 and R14' = R14 + 
R13. The differencing amplifier operation depends on 
the following relationships: 

R15' = R14' 
and 

R12 = R25 + (R18 II R17) 

R12 

R14' 

VOUT- r-'V\N------i 
R15' 

R18 

10 ERROR 
AMP AND 

OVP 

Figure 13. Ground Referencing the Output Voltage 

Then: 

( 5V x R18 ) ( R15'.) ( R14' ) 
VOUT = R17 + R18 R15' + JUs R12 + 1 '. 

SinceR25 is a low value compared to R15', the secohd 
term reduces to approximately 1. The third term is set 
at approximately 200. Therefore the above equation 
reduces to: ' 

IR18 ) 
VOUT ~ 1QOOx IR17 + R18 

The over voltage comparator has' a threshold that is set 
for .1.12 x VOUT when pin 5 and pin 6 are connected 
directly. Figure 14 shows the connection for setting an 
OVP trip point higher than 1.12 x VOUT, where: 
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Figure 14. Setting OVP for a Vovp > 1.12 x VOUT 

( RA + RB) 
VovP ~ 1.12 x VOUT x ~ 

Figure 15. Setting OVP for a Vovp < 1.12 x VOUT 

Figure 15 shows OVP set for a voltage lower than 1.12 x 
VOUT where: 

( RO + R24) 
VOVP ~ 1.12 x VOUT x RO 

INDUCTOR INFORMATION 

L3 is the flyback inductor and also provides the 
operating power for the control circuitry. A gapped 
ferrite pot core was chosen for this application for it's 
modest high frequency losses with high ripple current 
operation. Some possible choices are: 

Manufacturer Part '* lOlal Gap Np 

Magnetics Inc. F43019 .05" 32 

Ferroxcube (Phillips) 3019 PlOO·3F3 .05" 32 

Ferroxcube (Phillips) 3019 PA 12S·3C8 .07" 38 

The first 2 cores are sold ungapped and require the 
use of a .025" spacer to gap the center leg to yield a 
total gap length of .05". If an ungapped core is used, a 
"shorted turn" should be employed as shown below 
(figure 16) to prevent radiated EM!. The third core listed 
is sold with its center leg pre.gapp~d (.07" total), hence 
the outside of the core closes completely providing 
shielding without the shorted turn being ,required. Ns 
should be 3 turns. All windings 1*24AWG wire. 

L 1 and L2 inductors are constructed using a powdered 
iron. This is a suitable material for these inductors s.ince 
the high frequency ripple currents (and resulting flux 
excursions) are much less severe than for L3. The core 
selected is: 

6-56 

SPACER 
.025" 

SHORTED TU RN 
(COPPER FOIL) 

Figure 16. Construction of EMI Shield for Ungapped Cores 

Manufacturer 
MicroMetals 

COMPONENT 

Cl, C2 
0, CS, C6 
C4 
C7 
C8 
C9 
Cl0 
Cll, C14 
C12 
C13 
01 thru 04 
05,08 
06,07 
09 
Fl 
Heat Sink 
Ll, L2 
L3 
Ql 
Q2 
Q3 
Rl 
R2, R19, R20 
R3 
R4 thru R9 
R10 
R11. 
R12 
R13 thru R16 
R17 
R18 
R21 
R22, R23 
R24 
R2s 
Ul 
VRl 

Part 1* 
T68·260 

Turns 
80T 1*24AWG 

DESCRIPTION 

0.68tiF, 630V 
.011lF, lKV 
3301lF, 2S0V 
1000pF, SOV 
lOOOIlF, 16V 
11lF, SOV 
6800pF, SOV 
O.lIlF, SOV 
4.71lF, SOV 
0.22pF, SOV 
1 Ns406 
lN4148 
MUR46Q 
22V Zener, 1/4 W 
3AG, 3A, 2S0V 
Thermalloy 6398-U-P3 
sOOIlH, l.5A RMS 
1601lH, SA peak 
MTH8N60 
IRF821 
2N2222 
220KO 
4.3KO 
100 
10 
1000 
1.8KO 
4.02KO,1% 
402KO, 1% 
8060,1% 
2000 
s10KO 
2KO 
100KO 
3.83 KO, 1')10 
ML4813CP 
TNR12G431KM 

Note: All resistor. values 1/4 W ± 5% unless otherwise specified. All 
capacitor values ±10% unless otherwise specified. 

•. Table 2. Component Values for Figure 8 



ORDERING INFORMATION 

PART NUMBER 

ML4813CP 
ML4813CS 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

, Micro Linear 

PACKAGE 

Molded DIP (P16) 
Molded SOIC (S16W) 

Ml4813 
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PRELIMINARY 

ML4815 

Zero ·Voltage Switching Resonant ·Controller 

GENERAL DESCRIPTION 
The ML4815 is designed to facilitate zero-voltage 
switched (ZVS) resonant converters requiring constant 
off-time and variable on-time control. Since the power 
MOSFET is turned on at zero voltage in ZVS resonant 
converters, power dissipation due to charge-dumping 
of the MOSFET drain-source capacitance is eliminated, 
allowing high frequency operation and power density 
to be maximized. MOSFET parasitic drain-source 
capacitance can also be used as part of the resonant 
circuit, minimizing component count. 

The ML4815 features a monostable multivibrator for 
precise off-time setting. The on-time is modulated 
through a ramp comparator in a manner similar to 
PWM converters. Either current-mode control with 
maximum on-time clamp or voltage-mode control with 
input feedforward can be selected. 

ML4815 supports pulse-by-pulse (peak) current limiting 
as well as "hiccup" mode for fault protection. The 
controller is designed for operation up to 2M Hz. 
ML4815 also includes a wide band error amplifier and 
a high peak current output driver which minimizes 
cross-conduction current. 

FEATURES 
• Supports Single-Switch ZVS Resonant Topology 

with Minimal External Components 
• Ideal for Simple, High Density DC to DC 

Converters 
• Small Converter Frequency Variation from No-Load 

to Full-Load 
• High Current (2A Peak) Totem-Pole Output Drive 

with Low Cross Conduction 
• Precision Buffered 5.1V Reference (±2%) 
• Wideband (5.5MHz), High Slew Rate (12V/pS) Error 

Amp. 
• Under-Voltage Lockout with Low Current Start-Up 
• I ntegrati ng Fault Detection/Soft -Start Reset 

BLOCK DIAGRAM (Pin out shown is for 16-pin DIP) 

8 FEED FWD 

[IJRAMP 1 1•25V 

3 EtA OUT 
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PIN CONNECTIONS 

ML4815 ML4815 
16-Pin DIP 20-Pin PCC 

16-P1N DIP 
lNV REF 

NV NC I Vee 

NI Vee 3 2 1 20 19 
EtA OUT 4 m Ve 

Ve 
RAMP 17 NC 

NC 6 16 PGND 

I(LlM) 15 OUT 

RoCr 8 14 NC 
9 10 11 . 12 13 

He 

He I ~.g~ I GND 

TOP VIEW 
FF RC (RESEl] 

lOP VIEW 

PIN DESCRIPTION 
PIN l! NAME FUNCTION PIN l! NAME FUNCTION 

1 INV Inverting input to error amp. 9 SOFT START Normally connected to Soft Start 

2 NI Non-inverting input to error amp. Capacitor and charging resistor. 

3 E/A OUT Output of error amplifier and 10 RC (RESET) Timing Capacitor for over-current 

input to main comparator. integration and restart-delay. 

4 RAMP Non-inverting input to main 11 GND Analog Signal Ground. II comparator. Connected to pin 8 12 OUT High Current Totem pole output. 
for feedforward voltage-mode 13 PGND Return for the High Current 
control or to pin 5 for current- Totem pole output. 
mode control. 

Current limit sense pin. Normally 
14 Ve Positive Supply for the High 

5 I(UM) Current Totem pole output. 
connected to current sense resistor. 

RDCT Off-time setting capacitor and 
15 Vee Positive Supply for the IC 

6 
resistor. 16 5.1V REF Buffered output for the 5.1 V 

7 Rc Resistor to pin 6 to limit CT 
voltage reference. 

charging rate. 

8 FF Capacitor to generate feedforward 
ramp. 
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ABSOLUTE MAXIMUM RATINGS 
Junction Temperature Absolute maximum ratings are those values beyond which the 

device could be permanently damaged. Absolute maximum 
ratings are,stress ratings only and functional device operation 
is not implied. 

ML4815C .................. ;......................... 125·C 
Storage Temperature Range ................ --65·C to +150·C 
Lead Temperature (Soldering 10 sec) .................. +260·C 
Thermal Resistance (8JA) 

Supply Voltage (Pins 14, 15) .............................. 30V Plastic DIP ........................................ 65·C/W 
Output Current, Source or Sink (Pin 12) 

DC .................................................. O.5A 
Plastic Chip Carrier (PCC) ......................... 60·c/W 

Pulsed (O.5ps) ........................................... 2A 
Analoglnputs (Pins 1, 2,4,5,8,9; 10) ........... -O.3V to 6V OPERATING CONDITIONS 
Error Amplifier Output Current (pin 3) ................. -5mA 
Soft Start Sink Current (Pin 9) ................. '.. .. ... 100mA Temperature Range 
Feedforward Sink Current (Pin 8) ...... '. . . . . . . . . . . . . . .. 80mA ML4815C ...................................... O·C to 70·C 
Cr Charging Current (Pin 7) .......................... -SOmA 

ELEORICAL CHARAOERISTICS 
Unless otherwise noted, these specifications apply for CT = 330pF, Rc = 1000, RD = 2KO, Vee = 1SV, 
T A = Operating Temperature Range. Pin numbers refer to 16-pin DIP. 

PARAMETER CONDITIONS MIN TYP I MAX 

Reference Section 

Output Voltage TJ = 25·C, 10 = 1mA 5.00 5.10 5.20 

Line Regulation 1QV <Vee < 30V 2 20 

Load Regu lation 1mA < 10 < 10mA 5. 20 

Temperature Stability -55·C < TJ < 125·C, (note 1) .2 '" .4 

Total Variation line, load, temp (note 1) 4.95 5:25 

Output Noise Voltage 10Hz to 10KHz 50 

Long Ten~ Stability T, = 125·C, 1000 hrs, (hote 1) 5 25 

Short Circuit Current VREF = OV -15 -50 -100 

Error Amplifier Section 

Input Offset Voltage 20 

Input Bias Current .6 3 

Input Offset Current .1 1 

Open LoopGain 1 <Vo<4V 60 96 

CMRR 1.5 < VeM < 5.5V 75 95 

PSRR 12 < Vee < 25V ' 75 110 

Output Sink Current VPIN 3 = 1V 1 2.5 

Output Source Current VPIN 3 = 4V -.5 -1.3' 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 

Output Low Voltage IplN 3 = 1mA 0 0.5 1.0 

Unity Gain Bandwidth (note 1) 3 5.5 

Slew Rate (note 1) 6 12 

RAMP Comparator Section 

Pin 4 Bias, Current VPIN 7 = 0 -0.7 

Pin 3 Zero DC Threshold VPIN 2 = 2V, VPIN 1 = VplN 3 1.05 1.20 1.55 
VPIN 5 = 0, VPIN 6 = 1.5V 
VPIN 8 = 2V 

Delay to Output CL = 0, (note 1) 55 

UNITS 

V 

mV 

mV 

% 

'Ii 

IN 

mV 

mA 

mV 

pA 

pA 

dB 

dB 

dB 

mA 

mA 

V 

V 

MHz 

VIps 

pA 

V 

ns 



ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise noted, these specifications apply for CT = 330pF, Rc = 1000, RD = 2KO, Vee = 15Y, 
T A = Operating Temperature Range. Pin numbers refer to 16-pin DIP. 

PARAMETER CONDITIONS MIN TYP 

Current Limit Comparator 

Pin 5 Input Bias Current 0< Vp1N 5 < 4V 2 

Current limit Threshold 1.41 

Hysteresis 30 

Delay to Output Vp1N 10 = 0, C l = 0 (note 1) 50 

One-Shot Section 

Off·Time Initial Accuracy Cl = 0, TA = 25°C 0.45 

Off-Time Voltage Stability Cl = 0, 12V< Vce < 25V 5 

Off-Time Temperature Stability Cl = 0 (note 1) 5 

Off-Time Total Variation Cl = 0, line, temp (note 1) 6 

Feedforward/Maximum On-Time Oamp Section 

Discharge Current Vp1N 8 = 2.5V 30 

On-Time Initial Accuracy CFF = 330pF, RFF = 2.7KO to V REF, 1.0 
Cl = 0 

Shutdown/Restart Section 

Pin 10 Charging Current -250 

Overload Shutdown Threshold 2.3 

Restart Threshold 1.1 

Soft-Start Section 

Input Bias Current VplN 9 = 4V 

Discharge Current VP1N 9 = 1V 

Under-Voltage Lockout Section 

Start Threshold 

UVLO Hysteresis 

Output Section 

Output Low level lOUT = 20mA 0.25 

lOUT = 200mA 1.2 

Output High Level lOUT = -20mA 13.0 

lOUT = -200mA 12.7 

Rise/Fall Time Cl = 1nF (note 1) 30 

Supply Current 

Start Up Current Vee = 8V, TJ = 25°C 2.0 
Vee = 8V, TJ = -40°C 2.5 

Operating lee 28 

'Micro Linear 
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MAX UNITS 

pA 

V 

mV 

ns 

JlS 

% 

% 

% 

mA 

JlS 

pA 

V 

V 

pA 

mA 

V 

V 

0.40 V 

2.2 V 

V 

V 

ns 

3.0 mA 
3.5 mA 

38 mA 
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FUNOIONAl DESCRIPTION 
ML4815 PRINTED Cli{CUIT BOARD 
LAYOUT CONSIDERATIONS 

High speed cirCuits dema'ndcar~fulattention to layol:lt . 
and component placement. To assure proper 
performance of the ML4815, follow these rules: 1) Use a 
ground plane. 2) Damp or clamp parasitic inductive 
kick energy from the gate of driven MOSfET. Don't 
alloW the output pins to ring below ground. A series 
gate resistor or a shunt 1 Amp Schottky diode at the 

ERROR AMPLIFIER CIRCUIT 

·output pin will serve this purpo-se. 3) Bypass Vee, Vc, 
and VREF. Use lJ.1F monolithic c:eramic cap!lcitors for 
Vee and Ve with low equivalent series inductance. 
Allow less than lcm of total lead length for each 
capaCitor between the bypassed pin and the ground 
plane. 4) Treat the off-time setting capacitor, Cr, like a 
bypass capacitor. . 

Simplified Schematic 
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CONTROL METHODS 

In current-mode control, the current transformer 
output is fed into the RAMP comparator input. The 
current-sense waveform is used as the on-time 

modulating ramp. The on~time can be clamped to a 
maximum by using RFF and CFF as shown. 

Current-Mode Control with Maximum On-Time Clamp 

r------------~--------, 
I I 

CURRENT I . I REF 

VIN~TAANi~p5v . +.u 16 

-!ON_ 1 l! -.n - - I 

----I -=- - J1./'L 1 FROM EtA OUT 

I 
I 
I 
I 
I 
I L __ ~ _______________ j 

In feedforward voltage-mode control, the on-time 
modulating ramp is generated withan external 
capacitor CFF from pin 8 to the ground. CFF is charged 
through an external resistor RFF. The maximum on-time 

is the time taken to charge CFF to 3.7V. Since the 
charging current depends on Y,N, the resulting 
maximum on-time varies with Y,N. 

Feedforward Control 

Y,N 

r-------------, 

_l-C; i 
~------~4 ~ I 

-I1LI1L ~ ______ FF~ 

I 1.2SV : 
I I 
I I 
: I 
I I 
I 

I 
I 
I 
I 

I 
I 
I 
I L_::. ________ _ 
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OUTPUT SECTION 
,Totem-Pole MOSFET Drive with Reduced Cross-Conduction 

~ 15 
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TIME (n~ 
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When driving power MOSFET's with high equivalent 
gate capacitance (Cc > 3nF), it is advisable to use an 
external 1N4148 diode between Vee and Ve pins (figure 
above) to reduce extra power dissipation caused by 
slow turn-off of Q7. In this case both Vee and Ve pins 
should have bypass capacitors (C = 1pF) as close as 
possible to the IC pins. 
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ONE-SHOT 

The figure below shows the detailed block diagram of 
the one-shot. The one-shot is programmed with 
external resistors RO RD and capacitor CT. Assuming 
that ClK is low and Q2 conducts initially, the timing 
capacitor CT is charged to 4V through Rc and Q3. This 
corresponds to the switch conduction cycle (on-time). 
When either the feedforward ramp or the sensed 
current signal exceeds the error amplifier output 
voltage, a trigger pulse is sent to the one-shot, setting 
the R-S latch X2 and disabling Q3. CT is immediately 
discharged through RD until CT voltage reaches the 
lower threshold (2V) of the Schmitt-trigger X1. At this 
point, X1 output goes high, resetting X2. Q1 turns off, 
allowing Q3 to recharge CT to 4V, This time interval 
corresponds to the switch off-time. Since the off-time is 
simply the discharge time of CT, one can express 

T OFF = 0.69 RDC T 

Block Diagram of the One-Shot 

RC 
RI 

Q4 4V 

EAO 
RAMP 

1.2SV 

TRIG 

ML4815 

Timing Diagram of the One-Shot 

The purpose of Rc is to slow the charging transient of 
CT in order to widen the internal reset pulse. Rc is 
usually chosen such that the following inequality is 
satisfied. 

~ 

$ 

10000 

1000 

100 

10 

0.1 

0.01 
0.1 

~<0.05 
Rc + RD 

TOFF vs Ro 

I----" 
Vf--' V 
~f--' 
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RD IKflI 

,JnH 
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CONSTANT ON-TIME CLAMP (In Current-Mode Only) 

Constant On-Tme Oamp 

I 
r--_~RE-;F 16j-,----t----------'.:...c 

RFF 0.488R 

FF 
TOFF 

r--~---'---,J-L 
I 
I 

>-----tTRIG ClK 

ICFF 

j 
V 'VitEF + 0.488 VBE : 

B1AS~----)~~88 __________ i 
CFF' , ' I 

V8E- ------- ------ i 
I 

CLkL5LJl 
I 
I 
I 
I 
I 
I 

R 

L _______ _ 

In current-mode cOlltrtil, the maximum on-time can be 
clamped by using the comparator X1 (figure above). The 
internal transistorS,Q1, Q2 and diode D2 discharges CFF 
to approximately VBE, The time taken to charge CFF 

( VREI"+ 0;488 VBE ) 
from V BE to VBIAS= , sets the 

1.488 
maximum on-time; The diode D1 compensates the VBE 
dependent CFF valley voltage. It can be shown that 

T ON(MAX) "" 1.115 RFF CFF 

and T ON(MAX) is relatively independent of temperature. 
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CURRENT-LIMITING, OVERLOAD SHUTDOWN AND FAUIT MANAGEMENT 

Overload Protection and Fault Management 

VREF 

ML4815 features a unique overload protection scheme. 
The power transistor current is compared with the 
current-limit threshold (1.4V) of X3' When the sensed 
current exceeds this threshold, the one-shot is triggered 
and the R-S latch >'-4 is set. The one-shot blanks the 
gate drive and X4 turns on the current source IF. The 
external capacitor CRD, which is normally fully 
discharged, is charged towards an overload threshold of 
2.3V. The packet of charge delivered to CRD in each 
over-current cycle is IF x T OFF (figure below). X4 is reset 
after the off-time elapses. If output short is removed 
before CRD reaches the overload threshold, CRD will be 
discharged through RRD and normal operation will 
resume. Under persistent output short circuit, CRD is 

charged until it reaches 2.3V. The gate drive is 
immediately terminated and the soft-start capacitor is 
discharged. C RD then discharges through RRD towards 
the restart threshold (1.1V). Gate drive remains off until 
CRD is discharged below 1.1V. The time taken for CRD 
to discharge to the restart th res hold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. The overload shutdown and restart 
sequence for a converter with non-bootstrapped power 
supply Vee is illustrated in figure. 

Current Limiting Overload Shutdown and Restart Sequence 
(Non-Bootstrapped Operation) 

I(UM) 
OV 

CRD CHARGING 
CURRENT 

CLK 

2.4V 

CRD 

OV ---"+---- = 20 ms ---

RESTART 
OL _--,=C""UR:::R::;ENc:.T:...:L::::IM.:::I",Tlc.:N""G.:.:Ac.:N:::.D..:.:FAU=U,-T:;:IM:.::Ic.:No:G--/ DELAY 

!-
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For a bootstrapped converter (where controller Vcc is· 
obtained from an auxiliary winding of the main 
transformer), overload shutdown causes both the 
converter output and the controller Vcc to collapse. 
Undervoltage lockout (UVLO) is activated and the on~ 
chip bandgap reference is disabled. ML4815 dissipates 
only 2mA of supply current during shutdown. Since 

Simplified Vee Bootstrapping Scheme 

VIN--__ ---..J 

1 RBLEED 

IBLEED 

LR 

D 

IBLEED is higber than the star;H4pcurrent, Cs will. be· 
charged towards the UVLO start threshold. When this 
happens, the· entire controller becomes operational 
except that the gate drive remains off. Icc jumps to its 
full ope~ational value. Since Vcc bootstrapping is not 
yet available, Icc will discharge Cs below the UVLO 
stop threshold. The on-chip reference will again be 
disabled with the controller supply current reduced to 
2mA.IBlEED will again charge Cs towards the UVLO 
sta(t threshold. The process repeats until CRD is 
discharged below the restart threshold. The shutdown 
and restart sequence is illustrated with the timing 
diagram below. 

Overload Shutdown UVLO and Restart Sequence 
(Bootstrapped Operation) 

2.3V -.~--r--.;;;:= 

OL RESTAIU DElAY 
-~---1-2 SEC ----0+----

Vee 

s. ,%$ 
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OPEN LOOP LABORATORY TEST FIXTURE 
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SCHEMATIC OF THE SOW NS DC/DC CONVERTER 
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ORDERING INFORMATION·· 

PART NUMBER 

ML4815CP 
ML4815CQ 

TEMPERATURE 
RANGE 

O°C to +70°C 
. O°C to + 70°C 

'Micro Linear 

PACKAGE 

Molded DIP (P16) 
Molded PCC (Q20) 
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ADVANCE INFORMATION 

ML4816 

High Frequency Multi-Mode Resonant Controller 

GENERAL DESCRIPTION 
The ML4816 controller IC is suitable for a wide range 
of resonant converter topologies. This controller can 
be used with Zero Current Switched (ZCS) Quasi 
Resonant Converters (QRC) requiring constant on-time 
and modulated off-time, as well as frequency 
modulated converters such as Series Resonant 
Converters operating above resonance. 

The ML4816's oscillator features independent control of 
charging and discharging currents (on-time and off
time). Output frequency can be obtained either 
proportional or inversely proportional to the controlling 
voltage. In addition, both upper and lower frequency 
limits (fMIN and fMAX) can be independently set. 

Both pulse-by-pulse and DC current limiting are 
provided for. Overload protection (shutdown) is 
triggered after a programmable delay time. Restart after 
overload shutdown can be delayed by a programmable 
time. Internal logic disables the gate drive until the 
oscillator is stable. 

BLOCK DIAGRAM 

Vee 

VIDI 

VIFI 

RIC! 

RIDI 

cm 

FILIMI 

EA OUT 0-,.-----, 

INV 
2 

L' OVERLOAD PROfEClION 
--------

1 
IIFB) 

4 

The ML4816 includes under-voltage lockout with 6V 
hysteresis and high current high speed totem pole 
output drivers for high speed drive of external 
MOSFETs. 

FEATURES 
• Supports Zero Current Switched (ZCS) Quasi

Resonant Converters 
• Supports Series Resonant (ZVS) converters 

operating above resonance 
• Wide oscillator frequency range 
• Programmable fMIN and fMAX limits 
• Practical Operation to 2.5MHz (fose) 
• Low Start-up Current and Under-Voltage Lockout 

Circuits support Off-Line Operation 
• Pulse by Pulse or DC Current Limiting 
• Integrating Soft Start Reset (Fault Integration) with 

Programmable Restart Delay 
• High current (1.SA peak) totem-pole output drive 
• Precision buffered SV Reference (±1%) 

VREF 

16 
VC 

14 
OUll\ 

17 
OUTB 

15 
PWRGND 

RCIRESET) 
SOFT STAKr 

,12 

, 
'11 

GND 

~LlM) OUT 
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PIN CONFIGURATION 

' ... ,. ML4816 ML4816 
20-Pin DIP 20-Pin SOIC 

I(FB) IISENSE) IIFB) IISENSE) 

INY V(REf) 
INV V(REf) 

EAOUT Vee 
EAOUT vq: :!I, 

I(UM) OUT OUTB 

I(UM) OUT OUTB F(UM) vc 
. FiLiM) 

, 
PWRGND vc V(D! 

V(D) PWRGND V(F) OUTA 

V(f) OUlA 
R(O 'Rt (RESEl,\ 

R(D) SOFT START 
R(O RC (RESET) cm GND 

R(D) SOFT START 
TQP VIEW 

cm GND 

TOP VIEW 

PIN DESCRIPTION 

PIN ~ NAME DESCRIPTION PIN ~ NAME DESCRIPTION 

1 I(FB) Inpot for load current limit. 9 R(D) External resistor from this pin to ' 

2 INV Inverting input to error amp. GND sets the oscillator discharge 
current (off time). 

3 EA OUT Output of error ~rnplifier. 
10 C(T) Timing capacitor for Oscillator. 

4 I(UM) OUT Output for load current limit 
amplifier. 11 GND Signal grOl.lnd 

5 F(UM) A voltage input sets the 12 50FT START Normally connected to 50ft Start 

maximum on time for the timer. capacitor. 

6 V(D) Controls the C(T) discharge 13 RC(RESET) Timing elements for Integrating 

current and oscill;;ttor off time. fault detection and reset delay 

Connected to error amplifier circuits. 

output for off-time modulation 14 OUTA High Current Totem pole 
and to V(REF) for constant off output ~ 
time. 15 ,PWR GND Return for the High Current 

7 V(F) Controls the charging current Totem Pole outputs. 
and oscillator on time. 16 VC Supply for the High Current 
Connected to error amplifier for Totem Pole outputs. 
on time modulation and 
connected to GND for constant 17 OUTB High Current Totem pole 

on time. output B. 

8 R(C) External timing resistor to either 18 Vee Positive supply for the IC 
GND or V(REF) sets the charging 19 V(REF) Buffered output for the 5.0V 
current (oscillator on time). This voltage reference. 
pin c;;tn either source or sink 

20 I(SENSE) Primary current sense input for currerit. 
, 

current limit. 

"" 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (pins 16, 18) .............................. 30V 
Output Current, Source or Sink (pin 12) 

DC ................................................. , 0.5A 
Pulse (O.Sps) ........................................... 1.5A 

Analog Inputs 
(Pins 1, 2, 5, 6, 7, 13) ......................... -O.3V to 6.3V 

Amplifier Output Currents (Pins 3, 4) ................... SmA 
Soft Start Sink Current (Pin 8) ........................ 100mA 
R(C) Current (Pin 8) .......................... -0.5 to +O.5mA 
R(D) Current (Pin 9) ................................... -4mA 
Junction Temperature .............. . .. . .. . .. .. .. . . .. .. 150°C 
Storage Temperature Range ................ -65°C to +150°C 

ELECTRICAL CHARACTERISTICS 

ML4816 

lead Temperature (Soldering 10 sec.) ................. +260°C 
Thermal Resistance (6IA) 

Plastic DIP or SOIC ............................... 65°C/W 

OPERATING CONDITIONS 
Temperature Range ............................. O°C to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

Unless otheswise specified, Cr = 470pF, Vee = 15V. Vee is adjusted above the start threshold before settling at 15V. 

PARAMffiR CONDITIONS MIN TYP MAX UNITS 

Reference Section 

Output Voltage TA = 25°C, 10 = -1mA 4.90 5.00 5.10 V 

line Regulation 12V:S Vee :S 25V 2 20 mV 

load Regulation 1 mA :S 10 :S 10mA 5 20 mV 

Temperature Stability TMIN:S TA:S TMA)( (note 1) 0.2 0.4 mV/oC 

Total Variation line, load, temp. 4.85 5.15 V 

Output Noise Voltage 10Hz < f < 10KHz 50 pV 

Long Term Stability T) = 125°C, 1000 Hrs (note 1) 5 25 mV 

Short. Circuit Current VREF = 0 -40 -70 -100 mA 

Error Amplifier Section 

Non-Inverting Input Voltage 2.37 2.47 2.57 V 

Input Bias Current 3 fJA 

Open-loop Gain 1 :S Vo:S 4V 60 dB 

Unity Gain Bandwidth (note 1) 2.5 2.8 MHz 

PSRR 12V :S Vee :S 25V 70 dB 

Output Sink Current VplN 2 = 2.7V, VplN 3 = 1V 1 2.8 mA 

Output Source Current VPIN 2 = 2.3v. VplN 3 = 4V -0.5 -2.2 rnA 

Output High Voltage IplN 3 = -O.5mA 5.0 5.5 6.0 V 

Output low Voltage IplN 3 = 1mA 0.5 1.0 V 

Slew Rate 8.5 V/JlS 

Current-Umit Amplifier Section 

Non-Inverting Input Voltage 0.145 0.16 0.175 V 

Input Bias Current -1 pA 

Open-loop Gain 1:S Vo:S 4V 65 dB 

Unity Gain Bandwidth (note 1) 1.0 1.5 MHz 

PSRR 12V:S Vee:S 25V 55 dB 

Output Sink Current VplN 1 = 1v. VPIN 4 = 1V 1 1.6 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, CT = 470pF, Vee - lSV. Vee is adjusted above the start threshold before settling at lS,V. . . . . . 

PARAMETER CONDITIONS, MIN lYP 'j MAX 'jUNITS 
Current-Umit Amplifier Section (Continued) 

Output Source Cu~rent VplN 1= ov" VPI~4':= 4V -0.5 -1.1 , mA 

Output High Voltage IplN 4 = -O.5mA 6.0 'l2 8.0 V 

Output low Voltage IpIN ,4 = lmA 0.7 1.0 V 

Slew Rate (note 1)' 0.9 V/jJS 

Current-Sense Section 

Input Bias Current VplN 20 - 0 -2 pA 

Current-Sense Threshold 1.20, 1.25 1.30 V 

Delay to Pin 13 (hote 1) 80 150 ns 

Soft-Start Section 

Discharging Current VPIN 13 = 4V, VPIN 12 = 1V mA 

Charging Current VPIN 13 = 0, VplN 12 = 1V pA 

Overload Protection Section 

Overload Threshold 3.0 3.2 3.5 V 

Restart Threshold 1.0 1.2 1.4 V 

Pulse-by-pulse Charging Current V PIN 20 = 1.35V, V PIN 13 = 2V -320 pA 

Current-limit Amp. Controlled Current VPIN 1 = Q, VPIN 13 = 2V 
VPIN 4 = 1V -2.2 mA 
VPIN 4 = 2.5V -0.9 mA 

VoItag,e:-ControIIed Timer , 

Cr Minimum Discharging Current VPIN 6 = 0, VplN 10 = 3V 15 18.5 22 pA 

CrPeak Voltage 3.75 V 

Cr V<\lIey Voltage 2.1 V 

R(C) M,inimum Voltage VPIN 5 = VplN 7 = 0, O.446VREF 0.455VREF O.464VREF V 
25Kn from Pin 8 to GND 

R(C) Voltage 
8 

VPIN 5 = 11 VREF, VPIN 7 = 5V, O]13VREF O.727VREF 0.742VREF V 

25Kn from Pin 8 to GND 

R(D) Minimum Voltage VPIN 6 - 0, 3Kn from Pin 9 to GND 0 V 

R(D) Maximum Voltage VPIN 6 = SV, 3Kn from Pin 9 to GND 0.425VREF 0.45VREF 0.475VREf V 

TON TA = 25°C VPIN 5 = VPIN 7 = 0, VPIN 6 = 3V, 0.62 0.68 0.70 J1S 
25KO from Pin 8 to GND, 
3Kn from Pin 9 to GND 

Total Variation 12V:S; Vee :5 25V (note 1) 0.60 0.71 
" Q.79 , , J1S 

TMIN :5 TA:S; TMAJ( 

Output Dead Time TA = 25°C VPIN 5 = VplN 7 = 0, VPIN 6 - 5V, 100 120 145 ns 
(note 1) 25Kn from Pin 8 to GND, 

3Kn from Pin 9 to GND 

Total Variation 12V:S; Vee :5 25V (note 1) 100 120 155 ns 
TMIN :5 TA:S; TMAJ( 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, CT = 470pF, Vcc = 15V. Vcc is adjusted above the start threshold before settling at 1sv. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VoItage-Controiled rilllei' (Continued) 

Frequency fMAX(1) VPIN5 = VplN 7 = 0, VPIN 6 = 5V 1.1 1.2 1.3 MHz 
25KO from Pin 8 to GND 
3KO from Pin 9 to GND 

fMIN(1) VPIN 5 = VPIN 7 = 0, VPIN 6 = 1.4V 17 22 28 KHz 
25KO from Pin 8 to GND 
3KO from Pin 9 to GND 

fMAX(2) 
8 

VplN 5 = 11 VREF, VPIN 7 = 2Y, VPIN 6 = 5V 1.2 1.45 1.55 MHz 

22KO from Pin 8 to Pin 19 
3KO from Pin 9 to GND 

fMIN(2) 
8 

VplN 5 = 11 VREF, VplN 7 = 5Y, VPIN 6 = 5V 650 800 825 KHz 

22KO from Pin 8 to Pin 19 
3KO from Pin 9 to GND 

Under Voltage Lockout Section 

Start Threshold v 
Stop Threshold v 

Supply Current 

Start-Up Current Vcc = 15.5V 1.2 1.5 2.2 rnA 

Operating Supply Current VplN 5 = VplN 7 = 0, VplN 6 = 5V 26 32 38 rnA 
25KO from Pin 8 to GND 
3KO from-Pin 9 to GND 
CLA = CLB = 0, TA = 25°C, 

TMIN :5 TA :5 TMAX 53 rnA 

Output Section 

Output low level ISINK = 20mA 0.1 0.4 V 

ISINK = 200mA 0.7 2.2 V 

Output High level ISOURCE = 20mA 12.0 13.5 V 

ISOURCE = 200mA 11.5 13.0 V 

Rise Time CLA = ClB = 1nF (note 1) 60 ns 

Fall Time CLA = CLB = 1nF (note 1) 60 ns 

Note 1: This parameter is not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The oscillator is the core of the ML41!16 and is designed 
to allow the maximum flexibility. This oscillator can be 
used in two basic modes of operation: 

1. On time proportional to VIN, fixed off time with a 
maximum on time limit (where VIN is the output of 
the error amplifier). 

2. Off time inversely proportional to VIN, fixed on time. 

CLOCK n n , , 
I I 
, I 
I, 

RAMP PEAK ' , I 

cm !/N/S· 
RAMP VALLEY , , , , ' , 

1 ...... - TON --.-1 I , , , , 
TOFF~ : ..... -

Figure 1. Oscillator Block Diagram 

The internal CLOCK signal, shown above, turns the 

Variable Off-Time, Constant On-Time (Figure 2) 

When using a variable off time control, V(D) is tied to 
the output of the error amplifier. Off time is given by 
equation (1) while tile 16JlA current sink prevents the 
off time from becoming infinite, thereby providing an 
upper limit to T OFF of: 

Max (TOFF) = C(T) x 1.03 x 105 (2) 

The on time is given by: 

TON = 0.0605 R(C) C(T) 

:---- --OSOLWOR- -- - --: 
RIDI 

RIDI 

RIC! 
+---A,Mr-!8 RIC! 

VIFI~ 
FILlMI~ 

I -=-

Figure 2. Variable Off Time, Constant On Time 
Oscillator Connections 

1000 

~~~ : i~K 
I-Vcc c 15V 
r-VD = 0 

g 100 

i 
$ 

10 /' 

1 
0.1 

,/ 

10 

CT InFI 

(3) 

outputs off at its rising edge. Clock remains high and Figure 2a. Max (TOFF) vs. CT 
the outputs stay off as long as cm is discharging. The 
discharge time (T OFF) of C(T) is: 

1.65 C(T) R(D) 

TOFF = 10 (V(D) _ 2V) + 16JlA R(D) (1) 
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10nF 4.7nF 2.2nF 1.0nF 470pF 
10 

ve -15V 
VO' 3V 

220pF 

Ro' 3K TO GNO 
/ / / 100pF VF =VFlIM"'O 

1/ / / 
§ 
z 1 / / V/ / 
~ 

/ 
v 

0.1 
V/V 

1 10 100 1000 

Rcll<O) 

Figure 2b. TON \'So R(C) 

Variable On-TIme, Constant Off-Time 

The on time (TON) is controlled by the current flowing 
from V(REF) through R(C) into B2. The output of 62 is 
internally limited to be no less than 2.27V and no 
greater than F(UM). 

RID) 

:-------oscILtAIDii------: 
I I 

r--'VIt'v--! 9 RID) VIO) 6 f----.., 

RIC) 
RIO U f--"N'v--.... 

Rl 
FILlM) 

R2 

: I L ___________ ~ ____ ~ 

Figure 3. Variable On Time, Constant Off TIme Oscillator 
Connections (TON Proportional to EA oun 

ML4816 

10 

0.1 
1 

Vee 15V 
Vo - 1.UV 
V, - 5V 
RD - 10K 
R, .'UK. 
R, = 3KV 

V 

V 

V 

10nF 47nF 22nF 1 OnF 470pF 

220pF 

/ 
/ 100pF 

/ / / 

/ )" V 

/ 
V 

/ 
10 100 1000 

Rc 11(0) 

Figure 3a. Miniinum TON for Constant Off-Time 
8 

Configuration with VFLlM = - x VREF 
11 

The on time for figure 3 is given by: 

0.138 R(C) Cel') 
TON = V(REF) _ V(F) 

The maximum on time is given by: 

0.138 R(C) C(T) 
T ON(MAX) = V(REF) _ F(UM) 

where F(UM) > 2.27V. The minimum on time is: 

T ON(MIN) = 0.0506 R(C) C(T) 

ERROR AMPLIFIER 

(4) 

(5) 

(6) 

The ML4816 error amplifier is a 2.5MHz bandwidth, 
8.5VljlSec slew rate op-amp with provision for limiting 
the positive output voltage swing to implement the soft 
start function. 

The Error Amplifier input contains protection diodes as 
shown above. INV should not be driven lower than 
2.5V - VSE or higher than 2.5V + VBE. 
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12~r-----~-------------------------' 180 

135 .. 
, ,~ 
90m 

45 
20 

0 
100 lK 10K lOOK 1M 10M' 10 

FREQUENCY 

Figure 5. Error Amplifier Open-Loop Gain and 
Phase \IS. Frequency 

OUTPUT DRIVER STAGE 

The ML4816 has: two high currentnigh speed totem 
pole output drivers each capable cif 1.5A peak output, 
designed to quickly switch the gates of capacitive loads, 
such as power MOSFET transistors. 

, Fi~re' 6. 'Power, Driver SiniplifiedSchemalk: 

TI-1S0'C' l00~~nI Vq: - Vc =ISV 
fose -lMHz 

/ 

1~~LLLUlliL~-L~UilL-J-~LUill 
0.01 ,0.1 10 

CL (nf) 

Figure 6a. Output Driver Current'Consumption 1(0 
\IS. Output Load Capacitance 
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" 
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SINY 

~ 
V, 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
OUTPUT CURRENT (A) 

Figure 7. Output Saturation Voltage \IS. Output Current 

15 

10 10nF 

100 100 200 

IF (ns) IR 

CL'IOOOpF CL = 10.OO~F 

Figure II. Rise/FaI! Time 

CURRENT liMn; FAULT DETECTION AND SOfT START 

The ML4816 has two modes of current limiting: Primary 
pulse-by-pulse over-current protection and secondary 
DC average current limiting. 

Primary Pulse-by-Pulse Current limit Circuit 

In this mode, the primary current is compared with a 
1.25V,thresholdin comparator X1. When the sensed 
current exceeds the 1.25V threshold of cOJllparator X1, 
the R-S latch X2 is set, turning on the 320pA current 
source to charge CRST. IF1 remains on until CLOCK 
goes high (T OFF). When CRST has charged to 3.2\1, a soft 
start reset occurs. The number of times the outputs 
reach current limit are "remembered" on CRST. Over' 
time, CRST is discharged by RRST providing a measure of 
"forgetting" when the over-current condition no longer 
occurs. If the output fault is removed before CRST 
reaches 3.2\1, CRST discharges slowly through RRST and 
normal operation resumes. 
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Over-Current Sensing, Overload Shutdown and Fault Management 

TOFF 

CLk ...fL 

UV (UNDER VOITAGE) \-_ .................. 

REF·BAD >--~==::1:V 

IlO 

VREF 

(3.7 - VILO) 
1F2=~ 

RC(RESm 

Figure 9. Overload Protection and Fault Management 

Secondary dc Current Limit Circuit 

In secondary dc current-limiting, the currents in the 
output rectifiers are sensed, full-wave rectified and 
smoothed. The smoothed signal is fed into the current
limiting amplifier X3. If the sensed current is below the 
0.16V threshold, the output of X3 will go above VREF 
and IF2 will be off. As the sensed current exceeds the 
current-limit threshold, VllO starts to fall and 

VREF - VllO - 2VBE 
IF2 ( "'" ) turns on. IF2 charges CRST 

12000 

towards the overload threshold (3.2V) of "". CRST 
charging and temporary recovery through RRS~ here are 
similar to the pulse-by-pulse over-current sensing case 
except that IF2 is continuous. 

Under persistent output short circuit with either form 
of over-current protection, CRST is charged until it 
reaches 3.2V. The gate drives are immediately 
terminated and the soft-start capacitor Css is 
discharged. CRST then discharges through RRST toward. 
the restart threshold (1.2V). Gate drives remain off until 
CRST is discharged below 1.2V. The time taken for CRST 
to discharge to the restart threshold is the rest~rt-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. 

The overload shutdown and restart sequences for both 
over-current protection schemes with non-bootstrapped 
Vee are illustrated in Figures 10 and 11. 
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ML4816 

Figure 10. Over-Current Sensing, Overload Shutdown and 
Restart Sequence (Non-Bootstrapped Ved 

(lCS-QRC Transistor Current Shown) 

O.16V 

7V 
Vno sv--------- VISENSE - 0 

1F2 

',CRO 

OL 

Figure 11. Secondary dc Current Sensing, Overload 
Shutdown and Restart Sequence 

(Non-Bootstrapped Ved 

VINo-------~r-------------------------~----------------, 

IBLEEO! RauED 

111 " 
ICC + 

lCS OlJli\ 

T 
__ BOOTSTRAP WINDING 

ML4B16 OUTB 1-----------1 "., SECONDARY 

GND 

figure 12. Simplified .Vee Bootstrapping Scheme in Half-Bridge Configuration 

For a bootstrapped converter, where controller Vee is 
obtained from an auxiliary winding of the main 
transformer, (see Figure 12) overload shutdown, causes 
both the converter output and the controller Vee to 
collapse. Undervoltage .Iockout (UVlO) is activated and 
the on-chip bandgap reference is disabled., Ml4816 
dissipates only 1.5mA during shutdown .. Since IBLEED is 
higher than the start-up current, Cs will be charged 
towards the UVlO start threshold. When this happens, 
the entire controller becomes operational except that 
the gate drives remain off: Icciumps to its full 
operational value. Since Vcc bootstrapping is not yet 
available, Icc will discharge Cs below the UVlO stop 
threshold. The on-chip reference will again be disabled 
with the controller supply current reduced to 1.5mA 
IBLEED will again charge Cs towards the UVlO start 
threshold. The process repeats until CRST is discharged 
below the restart threshold. The shutdown and restart 
sequence is illustrated in Figure 13. 

The over-current timing ;tnd shutdowl) sequence can 
be disabled by grounding pin 13. 

6-80 

~::-~-----:-----
1.2V __ ..i _____ ~ 

I 1 

OL ~_SHUTDOWN~ 
UVLO START - - L._ - _' - - ~_ - -1- - -

I I : I 
Vee I 1 

UVLOSTOP __ I ____ L ___ !. :1 __ :-

: I :: I 

vm~n~nJ 
Figure 13. Overload Shutdown, UVlO and Restart 

Sequence (Bootstrapped Operation) 



Auxiliary Output Current-Limiting (RC(RESEl) Pin Grounded) 

Constant current at power inverter output can be 
obtained by utilizing the current-limit amplifier with pin 
13 shorted to ground. The ILO pin is connected to the 
EAO pin through two external OR-ing diodes Dl and 
D2 (Figure 14). Rl is used as a pull-up resistor. The 
current-limiting loop activates and takes control if the 
voltage at the inverting input IFB of the current-limit 
amplifier exceeds the 160mV threshold and ILO is 
pulled below EAO. The schematic shows that either the 
main error amplifier or the current-limiting amplifier 
controls the switching frequency of the converter. The 
voltage to the IFB pin comes from the output of a 
current sensor which produces a signal proportional to 
the output current. 

SENSED OUTPUT VOUAGE 

I IF. SENSED OUTPUT 
I CURRENT 

I 
I 
I 
I 
I 
I 
iRCIRESETI 

I13h 
, 'T'...L , ______________ 1 ":" 

Figure 14. Auxiliary Output Current-Limiting 

UVLO UV 

EN 

REF 

I 
.". CBYPASS 4.4V 

ML4816 

First-Pulse Inhibit 

ML4816 features a unique scheme to prevent input 
transformer from saturating during initial start-up. 
Before Vee rises above the undervoltage lockout 
(UVLO) start threshold, the bandgap reference is 
disabled. Since the bias circuit of the timer requires a 
reference output of at least 4VBE to operate, the timing 
capacitor CT remains fully discharged. As Vee crosses 
UVLO start threshold at to, the reference becomes 
enabled. The reference output rises at a rate 
determined by the reference short-circuit current and 
the external bypass capacitor. CT remains discharged 
until VREF exceeds 4VBE. There is no gate drive until 
VREF reaches the "reference-good" level (4.4V) (see 
Figure 16). Once VREF exceeds 4VBE (tl), CT is charged 
towards the upper threshold of the oscililator/timer. 
Although the gate drives are enabled at tz, the first
pulse inhibit latch continues to blank the outputs. This 
latch is reset when CT voltage crosses the upper 
oscillator threshold at t3' OUTA is gated on after the 
CLK pulse elapses. 

Without the first-pulse inhibit circuit, the first OUTA 
pulse would be on for time TONI which could be as 
much as 2 to 3 times longer than the desired TON time. 
The first-pulse inhibit latch ensures no abnormally long 
.first gate drive pulse, independent of VREF rise time. 

Q 1-----.-+---\ 
R 

FIRST PULSE 
INHIBIT 

jOVERLOo\D 

131--------1 
RCIRESETI 

CLK 

1.2V/3.2V 
TIMER 

Figure 15. Operation of UVLO and the First-Pulse Inhibit Circuit 
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Figure 16. liming Diagram Illustrating Initial Start-Up and the First-Pulse Inhibit 
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Open Loop Laboratory Test Fixture 

22KO 
5KO 

1 IIFB) 

lKO 

50KO l2 INV 
50K 

5KO 3 EAOur 

2KO "::" 

4 IILlM) OUT 

10KO 5 FILlM) 

10KO 0-- 6 VID) 

"::" 0--7 VIFI 

8 RIC) 

=1 
9 RID) 

3KO - lD cm 

"::" 

This test fixture is useful for exercising many of the 
ML4816's functions and measuring their specifications. 
As with any wideband circuit, careful grounding and 
bypass procedures should be followed. The use of a 
ground plane is highly recommended. 

CT 

470pF 

J. 
*2KO 23KO 
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IUF Vee lB I--

OUTB 17 
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OUTA 14 

~ 

RCIRESEn 13 

'~I SOFT START 12 ~ / 
O.lI'F 

,~" /~ 
0:-
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PART NUMBER 

ML4816CP 
ML4816CS 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro··Linear 

PACKAGE 

Plastic DIP (P20) 
Plastic SOIC (S20W) 
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ADVANCE INFORMATION 

ML4817 

Single-Ended High Frequency PWM Controller 

GENERAL DESCRIPTION 
The ML4817 High Frequency PWM Controller is 
optimized for use in single-ended Switch Mode Power 
Supply designs running at frequencies up to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized in the error amplifier. This controller is 
designed to work in either voltage or current mode. 

A unique overload protection circuit helps to limit 
stress on the output devices. This integrating method 
of fault detection also provides for reset delay before 
restart. A 1.SV threshold current limit comparator 
provides cycle-by-cycle current limit. 

The ML4817 oscillator features accurately 
programmable dead time control to precisely limit the 
maximum duty cycle. 

The ML4817 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

BLOCK DIAGRAM 
R(C) 

cm osc 
R(D) 

1.2SV 

~II'I-"'-+-~----i 

EtA OUT 

FEATURES 
• Practical Operation at Switching Frequencies to 

1MHz 
• High Current (2A peak) Totem Pole Output 
• Temperature Stable PreCise OsCillator Frequency 

and Dead Time 
• PreCision Maximum Duty Cycle Limit 
• Integrating Fault Detection with Reset Delay 
• Fast Shut Down Path from Current Limit to Output 
• Output Pulls Low for Under-Voltage Lockout 

R 

Q 

UNDER 
VOIJAGE 

lOCKOUT 

CLOCK 4 

5.1V vo" 15 

Vee 14 

SIGN~ 

.1 ~ 
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ML4817 

PIN CONFIGURATIION 

ML4817 
16-Pin sOle 

INV RC(RESEl) 

NI S.1V V_E' 

EtA OUT Vee 

CLOCK POWER GND 

R(O OUT 

crn SIGNAL GND 

R(D) RAMP 

SOFT START I(LlM)tS.D. 

TOP VIEW 

PIN DESCRIPTION 
PIN *I NAME FUNCTION 

1 INV Inverting input to error amp. 

2 NI Non-inverting input to error amp. 

3 EtA OUT Output of error amplifier and 
input to main comparator. 

4 CLOCK Oscillator output. 

5 R(C) Timing Resistor for Oscillator -
sets charging current for oscillator 
timing capacitor (Pin 6). 

6 Cm Timing Capacitor for Oscillator. 

7 R(D) Resistor which sets discharge 
current for oscillator timing 
capacitor. 

8 SOFT START Normally connected to Soft Start 
Capacitor and charging resistor. 

9 I(L1M)tS.D. Current limit sense pin. Normally 
connected to current sense resistor. 

PIN *I 

10 

11 

12 

13 

14 

15 

16 

ML4817 
16-Pin DIP 

5.1V VREF 

EtA OUT 3 

13 POWER GND 

11 SIGNAL GND 

SOFT START 8 9 I(LlM)tS.D. 

TOP VIEW 

NAME FUNCTION 

RAMP Non-inverting input to main 
comparator. Connected to Cm for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

S!GNAl GND Analog Signa! Ground. 

OUT High Current Totem pole output. 

POWER GND Return for the High Current 
Totem pole outputs. 

Vee Positive Supply for the IC 

5.1 VREF Buffered output for the 5.1V 
voltage reference. 

RC(RESET) Timing elements for integrating 
fault detection and reset delay 
circuits. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Pin 14) .................................. 30V 
Output Current, Source or Sink (Pin 12) 

DC .................................................. 0.5A 
Pulsed (0.5tJS) .. • . . . . . . • .. . . • . . . . . . • . . . . . . • • . . . • . . . . . • 2.0A 

Analog Inputs 
(Piris 1, 2, 8, 9, 10, 16) ......................... -O.3V to 6V 

Clock Output Current (Pin 4) .......................... -SmA 
Error Amplifier Output Current (Pin 3) .................. SmA 

ELECTRICAL CHARACTERISTICS 

ML4817 

Soft Start Sink Current (Pin 8) ........................ 100mA 
Oscillator Charging Current (Pin 5) .................... -SmA 
Junction Temperature ....................... '.' . . . . . . .. 125°C 
Storage Temperature Range ................ -65°C to +15O"C 
lead Temperature (Soldering 10 sec) .................. +260°C 
Thermal Resistance (BfA) 

Plastic DIP ........................................ 65°C/W 
Plastic SOIC ...................................... . 65°C/W 

OPERATING CONDITIONS 
Temperature Range ............................. O°C to +70°C 

Unless otherwise specified, R(C) = 25400, R(D) = 24700, CT = 470pF, TA = Operating Temperature Range, Vee = 15V, 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial Accuracy TA = 25°C 500 525 550 KHz 

Voltage Stability 12V < Vee < 25V 0.2 % 

Temperature Stability (note 1) TBD % 

Total Variation line, temp (note 1) TBD TBD KHz 

Maximum Duty cycle VP1N 1 = 2.3V. VP1N 2 = 2.5V 
VP1N 9 = VP1N 10 = OV. TA = 25°C 44 45 46 % 

Maximum Duty Cycle line, temp (note 1) 42 48 % 

cm Discharge Current VP1N 6 = 4V. VP1N 7 = 3V 4.5 mA 

Clock Out High 4.0 4.5 V 

Clock Out low 2.2 V 

Ramp Peak 3.75 V 

Ramp Valley 2.15 V 

Ramp Valley to Peak 1.60 V 

Reference Section 

Output Voltage TA = 25°C, 10 = 1mA 5.00 5.10 5.20 V 

line Regulation 12V < Vee < 25V 2 20 mV 

load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability TMIN < TA < TMAJ(, (note 1) .2 .4 mVloC 

Total Variation 4.95 5.25 V 

Output Noise Voltage 10Hz to 10KHz 50 /lV 

long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, R(C) = 25400, R(D) = 24700, CT = 470pF, TA = Operating Temperature Range, Vee = 15Y. 

PARAMETER 

Error Amplifier Section 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Open Loop Gain 

CMRR 

PSRR 

Output Sink Current 

Output Source Current 

Output High Voltage 

Output Low Vortage 

Unity Gain Bandwidth 

Slew Rate 

PWM Comparator Section 

Pin 10 Bias Current 

Pin 3 Zero D.C. Threshold 

Delay to Output 

Soft Start Section 

Pin 8 Bias Current 

Discharge Current 

Current Limit/Shutdown Section 

Pin 9 Bias Current 

Current Limit Threshold 

Delay to Output 

Pin 16 Shutdown Threshold 

Pin 16 Restart Threshold 

Pin 16 Charging" Current 

Output Section 

Output Low Level 

Output High Level 

Rise/Fall Time 

Under-Voltage Lockout Section 

Start Threshold 

UVLO Hysteresis 

Supply Current 

Start Up Current 

Icc 

CONDITIONS 

1 < Vo < 4V 

1.5 < VCM < 5.5V 

12 < Vcc < 25V 

VPIN 3 = 1V 

VPIN 3 = 4.0V 

IplN 3 = -O.5mA 

IplN 3 = 1mA 

(note 1) 

(note 1) 

VPIN 10 = OV 

VPIN 10 = OV 

(note 1) 

VPIN 8 = 4V 

VPIN 8 = 1V 

OV < VPIN 9 < 4V 

VPIN16 = OV 

(note 1) 

VPIN 9 = 2V, VPIN 16 = 1.5V 

lOUT = 20mA 

lOUT = 200mA 

lOUT = -20mA 

lOUT = -200mA 

CL = 1000pF, (note 1) 

VPIN 1 = 2.3V, VplN 2 = 2.5V 
VPIN 9, 10 = Ov, Cl = 0, TA = 25°C 

Note 1. This parameter is not 100% tested in production but guaranteed by design. 

'-Micro linear 

MIN 

60 

60 

80 

1 

-.5 

5.3 

0 

3 

6 

1.08 

1.35 

2.05 

0.9 

-150 

12.0 

11.5 

lYP MAX I UNITS 

15 mV 

.6 3 P.A 
.1 1 p.A 

95 dB 

95 dB 

110 dB 

2.5 mA 

-1.3 mA 

V 

0.5 1.0 V 

5.5 MHz 

12 V/p.s 

-1 -5 p.A 

1.25 1.45 V 

50 80 ns 

p.A 

mA 

+10 p.A 

1.65 V 

40 70 ns 

2.55 V 

1.3 V 

-210 -275 p.A 

.25 .4 V 

1.2 2.2 V 

13.5 V 

13.0 V 

30 60 ns 

V 

V 

1.8 2.5 mA 

34 42 mA 



FUNCTIONAL DESCRIPTION 
OSCILLATOR 

The ML4817 oscillator charges the external capacitor, 
CT, with a current (lSET) equal to 2/Re. When the CT 
voltage reaches the upper threshold (Ramp Peak), the 
comparator changes state, turning off the current 
source and turning on the 4.5mA current sink which is 
voltage clamped to 105V by Ql. The capacitor then 
discharges to the lower threshold (Ramp Valley) with a 
time constant determined by RD and CT. 

I- Te ----J- TD ------l 

CLOCK OUT L 
Oscillator period can be determined by the following 
formula: 

Tose=Te+TD 

(RAMP PEAK - VALLEY) CT Re 
Te = ----------'--=-

2 

Te = 0.8 (CT Rd 

( RAMP PEAK - 1.05 ) 
T D = RDC T In RAMP VALLEY _ lOS 

T D = 0.90 (RDCT) 

1 
since: fose = ---

Te + TD 

1 
then: fose = ------

CT (.8Re + .90RD) 

since: 

then: 

Te 
Duty Cycle = --

Te + TD 

Duty Cycle = -----

1 + 1.12 ( RD) 
Re 

(1 ) 

or 

(2) 

or 

(3) 

(4) 

(5) 

80 

70 

60 

" :- 50 

g 40 

5 30 

" 20 

10 

ML4817 
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I 
I 
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I 
I 
I 
I 

I I L _____________ J 

Figure 1. Oscillator Block Diagram 

Rc = 2.54K; CT = 470pF 

~ 
'\ 

'\ 

"-., 
o 
100 1000 10000 100000 

RO (0) 

Figure 2. Duty Cycle vs R(D) 

CT = 470pF 
I III 

i---f--""'I-.d:-t'N...j;;±t-"""-.;;;:t-""'I'--<.J::-iP'tCT = 1 nF 
CT = 2.2nF 
I III 

CT = 4.7nF 
I III 

f---f--I-H-f-I-+l+----+"""""""...,+-RCT = 10nF 
I III 

CT = 22nF 

0.1 '---_--'----'--'--L...L-'-'-'-'---_--L_.L-.L-L..L.L..LU 

1 10 100 
Re (KO) 

Figure 3. Oscillator Frequency vs RD = ~ 
1.03 

R(O for 50% Duty Cycle 
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ERROR AMPLIFIER 

The Ml4B17 error amplifier is a 5.5MHz bandwidth, 
12V/jJS slew rate op-amp with provision for limiting the 
positive output voltage swing for ease in implementing 
the soft start function. 

V,N I / ~\ 
I V~UT '\ , / 

r-IV L_ v i-
1 

o 0.2 0.4 0.6 0.8 1.0 

'TIME Ips) 

Figure 4. Unity Gain Slew Rate 
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Figure 5. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The Ml4B17 Output Driver is a 2A peak output high 
speed totem' pole circuit designed to quickly switch 
capacitive loads, such as power MOSFET transistors. 

vee 
vee 

Figure 6. Power Driver Simplified Schematic 
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Figure 7. Saturation Curves 
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Figure 8. Rise/Fall Time (Cl ~ 1000pF) 
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Figure 9. Rise/Fall Time (Cl ~ 10,OOOpF) 

UNDER-VOITAGE LOCKOUT 

When Vee is below 13.BY, the IC draws very little 
current (1.BmA typ.) and VREF is disabled. When Vee 
rises above 13.BY, the IC becomes active and VREF is 
enabled and will stay in that condition until Vee falls 
below 10.2v' 
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Figure 10. Under-Voltage Lockout Circuit 

CURRENT LIMn; FAUIJ DETECTION AND SOFT STARr 

When the current (sensed on pin 9) reaches the 1.5V 
limit, the PWM cycle is terminated. The flip flop (figure 
10) turns on current source 1(1) to charge CRST and 
remains on until CLOCK goes high. The magnitude of 
current source 1(1) is .25 x ISET where ISET is the 
oscillator charging current. When CRST has charged to 
2.3V, a soft start reset occurs. The number of times the 
PWM cycle is terminated due to over-current is 
"remembered" on C(RST). Over time, C(RST) is 
discharged by R(RST) providing a measure of 
"forgetting" when the over-current condition no longer 
occurs. 

Figure 11. Over-Current, Soft Start, and Integrating Fault 
Detect Circuits 

Since the per cycle charge on RC(RESET) is proportional 
to how early in the PWM cycle the reset occurs, a 
reset will occur more quickly under output short circuit 
conditions (figures 12c and 12d) than during a load 
surge (figures 12a and 12b). 

ML4817 

1.5V - - - -~-__ -r ... 

Figure 12a. Pin 9 (lUMIT) Waveform During Load Surge 

Figure 12b. Corresponding Waveform on Pin 16 (RCRESET) 

Figure 12c. Current Waveform During Short Circuit (Pin 9) 

t-----------------
Figure 12d. RC(RESEl) (Pin 16) Increases More Quickly 

During Short Circuit Condition 

When the soft start reset occurs, the output is inhibited 
and the soft start capacitor is discharged. The output 
will remain off until C(RST) discharges to 1.1V through 
R(RST), providing a reset delay. When the IC restarts, 
the error amplifier output voltage is limited to the 
voltage at pin 8, thus limiting the duty cycle. 

43 
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42 

Vee -15V 

"- lose - 500KHz -
Cl- 0 
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Figure 13. Supply Current vs. Temperature 
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PART NUMBER 

ML4817CP 
ML4817CS 

TEMPERATURE 
RANGE 

O°C to +70°C 
O°C to +70°C 

'Micro Line~r 

PACKAGE 

DIP (P16) 
SOIC (S16W) 
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PRELIMINARY 

ML4818 

Phase Modulation/Soft Switching Controller 

GENERAL DESCRIPTION 

The ML4818 is a complete phase modulation control IC 
suitable for full bridge soft switching converters. Unlike 
conventional PWM circuits, the phase modulation 
technique allows for zero voltage switching transitions 
and square wave drive across the transformer. The IC 
modulates the phases of the two sides of the bridge to 
control output power. 

The ML4818 can be operated in current mode. The delay 
times for the outputs are externally programmable.to 
allow the zero voltage switching transitions to take place. 

Both pulse-by-pulse current limit and integrating fault 
detection and soft start reset are provided. The under
voltage lockout circuit features a 6V hysteresis with a low 
starting current to allow off-line start up with a bleed 
resistor. A shutdown function powers down the IC, putting 
it into a low quiescent state. 

BLOCK DIAGRAM 

SHUTDOWN 

The circuit can be operated at frequencies above 1 MHz. 
The ML4818 contains four high current totem pole 
outputs which feature high slew rate with low cross 
conduction. 

FEATURES 

• Full Bridge Phase Modulation Zero Voltage Switching 
Circuit with Programmable ZV transition times 

• Constant Frequency Operation to 1.SMHz 

.' Current Mode Operation 

• Cycle-by-Cycle Current Limiting with Integrating Fault 
Detection and Restart Delay 

• Precision buffered SV Reference (+1 %) 

• Four 1.5 A Peak Current Totem-Pole Output Drivers 

• Under-Voltage Lockout circuit with 6V Hysteresis. 

• Power DIP package allows higherdissipation 

REFERENCE 
AND 

UNDER-VOLTAGE 
LOCKOUT 

Qf-_----! 

T FLIP 
FLOP 

INHIBIT 
,OUTPUTS 

VR" 24 

vee 20 

....... -+--1 T Q H>-t----t-i 

,-----f-~>---__1R 

ROELAY 14 

'PINS 1, 6, 7, 15, 18, 19 AND 23 ARE GND 
GND c:J 
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ML4818 

PIN CONNECTION 

24-Pin Power DIP 

GND' VREF 

CT GND 

RAMP 81 OUT 

IliM 82 OUT 

E/AOUT Vee 

GND GNO 

GND GND 

INV Al OUT 

SOFT START A2 OUT 

SHUTDOWN GND 

RT ROELAY 

RCRESET CLOCK 

TOP VIEW 

PIN DESCRIPTION 

PIN# NAME FUNCTION PIN# NAME 

GND Ground 12 RCRESET 

2 CT Timing Capacitor for Oscillator 

3 RAMP Non-Inverting input to main 13 CLOCK 

comparator. Connected to current 14 RDELAY 
sense resistor for current mode 

4 ILiM Current limit sense pin. Normally 
connected to current sense resistor 

5 E/A OUT Output of error amplifier and input 15 GND 

to PWM comparator 16 A2 OUT 

6,7 GND Ground and Substrate 17 A10UT 

8 INV Inverting input to error amp 18,19 GND 

9 SOFT START Normally connected to Soft Start 20 Vee 
Capacitor 

21 B2 OUT 
10 SHUTDOWN Pulling this pin low puts the IC into 

a power down mode and turns off 22 B10UT 

all outputs. This pin is internally 23 GND 
pulled up to Vref. 

11 RT Resistor which sets discharge 
24 VREF 

current for oscillator timing 
capacitor 

6-94 'Micro Linear 

FUNCTION 

Timing elements for Integrating fault 
detection and reset delay ci rcu its 

Oscillator output 

Resistor to ground on this pin 
programs the amount of delay from 
the time an output turns off until its 
complementary output turns on 

Ground 

High Current Totem pole output A 1 

High Current Totem pole output A2 

Ground and Substrate 

Positive Supply for the IC 

High Current Totem pole output B1 

High Current Totem pole output B2 

Ground 

Buffered output for the 5.0 V 
voltage reference 



ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pin 20) ............................................... 30V 
Output Current, Source or Sink (Pins 16,17,21,22) 

DC ......................................................................... 0.5A 
Pulse (0.5 JlS) .............•..............................•............ 1.5 A 

Analog Inputs 
(Pins 2 thru 5, 8 thru 10, 12) ....................... -O.3V to 6V 

Clock Output Current (Pin 11) .................................. -5mA 
Error Amplifier Output Current (Pin 5) ........................ 5mA 
Soft Start Sink Current (Pin 9) .................................. 50 mA 
Oscillator Charging Current (Pin 2) ........................... -5mA 
Junction Temperature ............................................... 150°C 

ELECTRICAL CHARACTERISTICS 

ML4818 
Storage Temperature Range ..................... -65°C to + 150°C 
Lead Temperature (Soldering 10 Sec.) .................... +260°C 
Thermal Resistance (alA) (see fig 13,14) 

Plastic Power DIP .............................................. 40°C/W 

OPERATING CONDITIONS 
Temperature Range ....................................... O°C to +70°C 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Unless otherwise specified, RT = 12.7KQ, CT = 250pF, RCLK = 3KQ, RDELAY = 5KQ, TA = Operating Temperature Range, 
Vcc = 15V. 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

OSCILLATOR 

Initial accuracy TA = 25°C 460 500 540 KHz 

Voltage stability 12V < Vcc < 25V -0.3 %N 
Temperature stability (note 1) 0.2 % 

Total Variation line, temp. 428 551 KHz 

CT Discharge Current VPIN2 = 2V 4.7 5.5 6.3 mA 

Clock out High 2.4 3.1 V 

Clock out Low 0 0.4 V 

Ramp Peak 4.1 V 

Ramp Valley 1.5 V 

Ramp Valley to Peak 2.6 V 

REfERENCE SECTION 

Output Voltage T A = 25°C, 10 = 1 mA 4.95 5.0 5.05 V 

Line regulation 12V < Vcc < 25V 2 20 mV 

Load regulation 1 mA < 10 < 1 0 mA 3 20 mV 

Temperature stability (note 1) .2 mVrC 

Total Variation 4.85 5.15 V 

Output Noise Voltage 10Hz to 10 KHz 50 mV 

Long Term Stability TJ = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV ":30 -50 -200 mA 

ERROR AMPLIfiER SECTION 

Input Offset Voltage -35 +25 mV 

Input Bias Current 0.6 J !1A 
Input Offset Current 0.1 1 !1A 
Open Loop Gain 1 <Vo<4V 85 120 dB' 

PSRR 12 <Vcc< 25V 80 100 dB 

Output Sink Current VPIN 5 = lV 1 3.2 mA 
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Ml:4818 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS UNITS 

ERROR AMPLIFIER SECTION (Continued) 

Output Source Current VPIN~= S.l\! -0.5 -2.2 mA 

Output High Voltage IplN S = -O.SmA 5.0 5.5 6.0 V 

Output low Voltage IplNS = lmA 0.5 "' V 

Unity Gain Bandwidth (note 1) 2.0 2.8 MHz 

Slew Rate (note 1) 8.5 V/~s 

PHASE MODULATOR SECTION 

Pin 3 Bias Current VPIN3 = OV -1 -10 [lA 

Pin 5 Zero D.C. Threshold VPIN3 = OV 0.4 0.6 0.8 V 

T POl, pin 3 to Output (note 1) 50 80 ns 

T DELAY 150 200 270 ns 

VPIN14 4.3 V 

SOFT-START SECTIQN 

Pin 9 Charge Current VPIN9 =4V 

Discharge Current VPIN9 = IV mA 

CURRENT LIMIT/SHUTDOWN SECTiON 

Pin 4 Bias Current o V < VplN 4 < 4V -1 -10 [lA 

Current limit Threshold VP1N 10=OV 0.92 1:02 1.12 V 

TpOl,pin4 (note 1) 50 ns 

Pin 12 Shutdown Threshold 3.15 3.4 3.65 V 

Pin 12 Restart Threshbld 1.0 1.3 1.6 V 
-~--"--

Pin12 Charging Current VPIN 4 =2V, VPIN 12 = 1.5V "'-445 ...:523 -600 [lA 

Pin 10 Shutdown Threshold- 2.0 2.4 2.8 V 

Pin 10 Input Bias Current VPIN10=0 -25 -100 [lA 

OUTPUT SECTION 

Output low level lour = 20-mA 0.1 0.4 V 
lour = 200 mA 0.7 2;2 V 

Output High level lour = -20 mA_ 12.0 13.5 V 
--

lour = -200 mA 11.5 13.0 V 

Rise/Fall Time CL = 1000pF, (note 1) 30 60 ns 
--

_ UNDER-VOLTAGE LOCKOUT SECTION 

Start Threshold V 

Stop, Threshold 

SUPPLY CURRENT 

Start Up Current Vcc< 15.8V 3 _4 rnA 

Icc VPIN 8 = 4V, VPIN 3,4 = OV, CL = 0 
TA = 25°C 48 60 mA 

Note 1: This- parameter not 100% tested in production but guaranteed by design. 

. - L· . 
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ML4818 

FUNCTIONAL DESCRIPTION 

PHASE MODULATOR 

In the ML4818, power is controlled by modulating the 
phase of the A and B sides full bridge power section 
(figure 1). As shown in timing diagram, figure 2, we begin 
the power cycle with A2 and B1 high (Q2 and Q1 are on). 
Power is being delivered to the output through the 
transformer and the following sequence of events takes 
place: 

Q3 at zero voltage. The transformer is now 
effectively shorted through Q1 and Q3, allowing 
ILEAKAGE to recirculate. . 

3. Clock goes high and A2 goes low while A 1 
remains low for time T DELAY. During this time both 
Q1 and Q4 are off. ILEAKAGE discharges the parasitic 
capacitances on Q1 and Q4 until Q4's drain is at 
av. 

1. After either the <I> MOD or ILiM comparator trips, 
B1 goes low, turning off Q2, allowing the parasitic 
capacitances on Q2 and Q3 to charge to +VIN 
driven by the leakage inductance's current 
(lLEAKAGE)· 

2. B2 goes high after T DELAY which is set by the 
resistor RDELAY from pin 14 to GND. At this point the 
source of Q3 has been charged to +VIN' turning on 

4. A 1 goes high after T DELAY which is set by the 
resistor RDELAY from pin 14 to GND. At this point the 
drain of Q4 has been discharged to av, making the 
turning on Q4 at zero voltage. At this point, Q4 and 
Q3 are both on and power is being delivered to the 
main transformer. 

A2 B2 

ML4818 

The above sequence is then repeated but with the 
opposite polarity on all outputs. 

A 1 B1 1--"'VI.IIr---i 

!!sENSE 

Figure 1. Simplified diagram of Phase Modulated power Outputs. 

c '------'- , -------=-' ' -------=-' 
T :;;;-:~ "'"'"""""'i \ , , , 

1 n : n 1 n '--_-+, __ ...1 
CLOCK 

, 
·I~ ____ ~--~I ! 
r--...... - ....... ~--; I-tDElAV: , , 

A2 L 
A1 , 

~ I-tDfLAV: : I-
B1 ---n. : I II tDELAV 

-Il-tPD1 , -tll-toELAV -II- tpOl 

B2 : 1 . :!-I _____ +.: -!r-
-+I I-tOELA V ~ I- tpOl -+l I- tOELA Y 

® ____ ....J 

\ ..... __ ---'1 \ 
Figure 2. Phase Modulation control waveforms (Shaded areas indicate a power cycle). 
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Ml4818 
The Ml4818 can also be used in current mode by sensing 
load current on the RAMP input (pin 3). 

The four output delay tim~rs are pr6gr~mmed via an 
external ROELAY resistor as shown below. This resistor 
value should be no less than 1 KO: Expressing ROELAY in 
Kn the delay, in ns is: . 

TOELAY,= 33 X ROELAY + 45 (1 ) 

The Ml4818 contains special logic circuits to provide for 
voltage mode feed-forward and lock out long pulses into 
the internal logic. This prevents instability from occuring 
when the 4J Comparator trips in voltage mode. 

Figure 4. Voltage Feed-Forward Circuit. 

The transistor in figure 4 is open only during a power 
cycle. When the power cycle terminates, pin 3 is pulled 
low. In voltage mode operation, a capacitor is connected 
from pin 3 to GND with a resistor from pin 3 to VIN to 
provide input voltage feed forward. 

OSCILLATOR 

The Ml4818 oscillator charges the external capacitor, CT, 
with a current (ISET) equal, to 5/RT. When the C T voltage 
reaches the upper threshold (Ramp Peak), the comparator 
changes state, turning on the current sink which 
discharges C T to the lowe'r threshold (Ramp Valley). The 
CT pin is clamped to Ramp Valley by Q1 (figure 1) to 
prevent inaccuracy due to undershoot on CT. 

To use the Clock Output for driving external synchroniza
tion circuitry, a pull-down resistor is required from CLOCK 
to GND. 

CLOCK OUT nL------.....ln :-----"'---!, ~--

RAMPP~K --r---------~'~'--------~r_~~ c'2]/\" 
RAMP VALLEY , , , 

I_Tc_' 
1 To_I ,_ 
, 1 

,--~------------------~---, ' , 

, 
1 - 1 • ____ : ____ ~ ______________ J 

2500 

2000 
"N 
:J: 

'" ;:- 1500 
u 
Z 

~ 
g 1000 

f:: 

500 

0 
4 

Figure 5.,Ocillator Block Diagram. 

6 

l000pF 

10 12 

R.(KQ) 

14 16 18 

Figure 6. Oscillator Timing Resistance vs. Frequency. 

Figure 6 should be used when osci'liator frequencies of 
greater than 300KHz are required. 

20 

For frequencies of less than 300KHz, oscillator period can 
be determined by the following formulae: 

since: 

Tose =Te + TD 

Te ~ 0.52RT CT 

To ~500CT 

fose=--l
Te+To 

then: fose = 1 
0.52CT RT +500.CT 

ERROR AMPLIFIER 

(2) 

(3) 

(4) 

(5) 

,The ML48T8 error amplifier is a 2.5 MHz. bandwidth, 
8.5V/1JS slew rate op-amp with provision for limiting the 
positive ,output voltage swing (Output Inhibit line) to 
implement the soft start function. The error amplifier 
output soutee current is limited to 4.5mA. 
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100 lK 10K 
FREQUENCY 

lOOK 1M 

Figure 7. Error Amplifier Open-Loop Gain and 
Phase vs. Frequency. 

6 

~5 .. o 
~ 4 
Z 
o 
;:: 3 
;.l 
=-!;( 2 

'" 

o 

I 
/ 

)' / 
/ / 

SOURCE ~ /' 
"..- -~ -- ~ -" 

~ " o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
OUTPUT CURRENT 1M 

Figure 9. Output Saturation Voltage vs. Output Current. 

OUTPUT DRIVER STAGE 

The ML4818 has four high current high speed totem pole 
output drivers each capable of 1.SA peak output, designed 
to quickly switch the gates of capacitive loads, such as 
power MOSFET transistors. 

ML4818 

Vee vee 

Figure 8. Power Driver Simplified Schematic. 

100 200 100 200 

IF <ns) 

Figure 10. Rise/Fall Time. 
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ML4818 
CURRENT LIMIT, FAULT DETECTiON AND SOFT START 

When the current (sensed on pin 4) reaches the 1 V limit, 
the PWM cycle is terminated. The flip flop (figure 11) turns 
on the current source to charge eRST and remains on for 
the duration of the clock p~riod.When CRST has charged 
to 3AV, a soft start reset ocCurs. The number of times the 
PWM cycle is terminated due to over-Current is 
"remembered" on CRST.Over time, CRST is discharged by 
RRST providing a measure of "forgetting" when the over
current condition no longer occurs. 

IV 

Since the per cycle charge on RCRESET is proportional to 
how early in the power cycle the over-current occurs, a 
reset will occur more quickly under output short drcuit 
conditions (figures 12a and 12b) than during a loadsurge 
(figures 12c and 12d). . 

When the soft start reset occurs, the output is inhibited 
and the soft start capacitor is discharged. The output will 
remain off until CRST discharges to 1.3V through RRST, 
providing a reset delay. When the IC restarts, the error 
amplifier output voltage is limited to the voltage at pin 9, 
thuS)imiting·the duty cycle. 

v+ 

TERMINATE 
PWMCYCLE 

r-------iQ 

3.4V 
l.3V 

R 

~CLOCK 

INHIBIT 
OUTPUT 

UNDER·VOLTAGE 
LOCKOUT 

Figure 11. Over-Current, Soft-Start, and Integrating Fault Deted Circuits. 

IV - rn-... ~ .. - ....... ---. rn- ~--.... ---.. - ---I -.... I ••••• 

I I 

W"N4) I ". . I 
I I 

- -~ . -4~ ............... _ 
I . I I 

I I I 

3.4V - - - ~ - - - - - - _"_ - - - _1- ~ ______ _ 

V(PIN 12) 

Figure 12a, 12b. I(LlMIT) and Resulting RC(RESET) 
Waveforms During Short Circuit. 

V(PIN':~ I ~ ~ ______ --8 _ ~ _______ C 
I I 

: :. ': 
LO-------------~-~----------~---

I 
V(PIN 12) I I 

I .~. 

!~- I~ 

Figure 12c, 12d. I(LlMIT) and Resulting RC(RESET) 
Waveforms During Load Surge. 



UNDER-VOLTAGE LOCKOUT 

On power up, when Vee is below 16V, the IC draws very 
little current (1.1 mA typ.) and VREF is disabled. When Vee 
rises above '16V, the IC becomes active and VREF is 
enabled and will stay in that condition until Vee falls 
below 10.2V. 

;( 
.s ... z 
~ .. 
;;> 
u 
::; .. .. 
;;> 
." 

60 

58 

56 

54 

52 

50 

48 

46 

44 

42 

40 
-75 

Figure 13. Under-Voltage Lockout and 
Reference Circuits. 
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175 

Figure 14. Supply Current vs. Temperature (ec). 

THERMAL INFORMATION 

The ML4818 is offered in a Power DIP package. This 
package features improved thermal conduction through 
the leadframe. Much of the heat is conducted through the 
center 4 grounded leads. Thermal dissipation can be 
improved with this package by using copper area on the 
board to function as a heat sink. Increasing this area can 
reduce the aJA (see figures 15 and 16), increasing the 
power handling capability of the package. Additional 
improvement may be obtained by using an external heat 
sink (available from Staver). 

ML4818 

.. 0.555" 

Figure 15. PC Board Copper Area Used as a Heat Sink. 

50 

r\ 
~ 

....... 

'" r---.... 
40 

30 

20 
o 0.2 0.4 0.6 0.8 1.2 1.4 1.6 1.8 

I : HEAT SINK DIMENSION (INCHES) 

Figure 16. a/A as a Function of I (see figure 15). 

APPLICATIONS 

The application, in figure 17, features the ML4818 in a 
primary-side controlled voltage mode application with 
feed-forward. Input voltage is rectified 120VAC (nominal). 
Feed-forward is provided by the ramp on pin 3 via the 
resistor connected to the high voltage input. Current is 
sensed through sense transformer T4. 
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ML4818 

ORDERING INFORMATION 

PART NUMBER TEMP.ERAT\)RE RANGE PACKAGE 

Ml4818CP O°C to -!-70°C Power DIP (P24P)* 

"'Same dimensional outline as (P24N) 
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ML4818EVAL 

Phase Modulation Controller Evaluation Kit 

GENERAL DESCRIPTION 
The ML4818EVAL kit provides a convenient vehicle to 
evaluate the ML4818 Phase Modulation ControllC. The 
board implements a 200W Phase Modulated Power 
Supply. 

The application circuit is designed to show the performance 
of a 200W isolated AC to DC converter circuit. The circuit 
topology is a full bridge type, suitable for high power and 
very high frequency operation with zero voltage switching 
for high efficiency. The oscillator frequency of the circuit is 
500KHz. 

The PC board is designed around a 200W single output 
application circuit, however the circuit can be modified for 
other power levels and operating conditions. 

KIT COMPONENTS 

• User's Guide - Includes operating specification, proce
dure, kit component list, a complete parts list, perfor
mance data, and a detailed schematic. 

• ML4818 Datasheet. 

• Application Note #19: Phase Modulated PWM Topol
ogy with the ML4818 

• Blank PC Board 

• Kit Components - A sample of the ML4818 and addi
tional components which may be difficult to procure in 
small quantities. 

BLOCK DIAGRAM 

FEATURES 

• Zero Voltage Switching (ZVS), high efficiency AC to DC 
power converter circuit 

• High frequency operation resulting in smaller reactive 
components 

• Lower conducted and radiated noise due to slower rise 
and fall times 

• Switching and CV2 losses greatly minimized 

• Feed-forward compensated voltage mode control 
enables automatic compensation against instantaneous 
line changes 

• Complete documentation and applications information 

OPERATING SPECIFICATIONS 
Input Voltage Range (switchable) 

Output Voltage 

Output Power 

Output Current 

Switching Frequency 

Efficiency (VIN=120V, Pour=200W) 

90 to 260V 

15V 

200W 

13A 

250Khz. 

85% 

BRIDGE 1--<_+-+-----------....., 
+VIN 

6~104 

-+t-

RECT~ 

110/220 T 
JUMPER V 

A2 

ML4818 

T(B) 

B2 II 

Al BI 

'Micro Linear 
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ADVANCE INFORMATION 

ML4819 

Power Factor and PWM Controller "Combo" 

GENERAL DESCRIPTION 
The ML4819 is a complete boost mode Power Factor 
Control (PFC) which also contains a PWM controller. 
The PFC circuit is similar to the ML4812 while the 
PWM controller can be used for current or voltage 
mode control for a second stage converter. Since the 
PWM and PFC circuits share the same oscillator, 
synchronization of the two stages is inherent. The 
outputs of the controller IC provide.high current 
(>1A peak) and high slew rate to quickly charge and 
discharge MOSFET gates. Special care has been taken 
in the design of the ML4819 to increase system noise 
immunity. 

The PFC section is a peak current sensing control 
which uses a current sense transformer or SENSE FET 
to non-dissipatively sense switch current, giving the 
system improved overall efficiency over the average 
current sensing control method. 

BLOCK DIAGRAM (Pin out shown is for DIP) 

Rm 101-'-"--------1 

20r-:c:::m~-----'--1f---------------' 

RAMP COMP 
121-----, 

The PWM section includes cycle by cycle current 
limiting, precise duty cycle limiting for single ended 
converters, and slope compensation. 

FEATURES 
• Two 1A Peak Current Totem-Pole Output Drivers 
• Precision buffered 5V Reference (±1%) 
• Large oscillator amplitude for better noise 

immunity 
• Precision duty cycle limit for PWM section 
• Current input multiplier reduces external 

components and improves noise immunity 
• Programmable Ramp Compensation circuit 
• Over-Voltage comparator eliminates output 

"runaway" due to load removal 
•. Wide commonmode.range in current sense 

comparators for better noise immunity 
• Under-Voltage Lockout circuit with 6V hysteresis 

PWM . 
CONTROLLER 

1 liisENSEiA······ .... ···········• ·······························~iii~~~;··L.·······l +-4-----, 

3 !MUITIPlIER : 

iovp 
2 f.-i--------j 

R 

I 
Q 

4 ;EA OUIA 

r' " I,,, 
&lIlSINE) -- R 

~ Q 

UNDER 
VOIJAGE 
WCKOUT 

V(REF) 
1-------'-.,18 

Vee 15 

'--'I -L IIMUI1)-

i ............. = ................................................................................................................................................................ ; ....................... .1 
PATENTED 
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Ml4819 

PIN CONFIGURATIONS 

ML4819 ML4819 
20-Pin DIP 20-Pin SOIC 

I(SENSE) A Cln IISENSE) A CIT) 

OVP GND OVP GND 
MUIJIPUER V(REF) 

MULTIPLIER V(REF) 
EA OUTA PGNDA 

EA OUT A PGNDA 
INVA OUT A 

I(SINE) Vee 
INVA OUT A 

DUTY CYCLE OUT 0 I(SINE) Vce 

PWMO PGNDO DUTY CYCLE OUTO 

I(SENSE) 0 RAMP COMP PWMB PGND 0 

Rin IIUM) IISENSE) B RAMPCOMP 

TOP VIEW , R(T) I(LlM) 

TOP VIEW 

PIN DESCRIPTION 
PIN *I NAME FUNalON PIN *I NAME FUNalON 

I(SENSE) A Input from the PFC Current 11 I(L1M) Cycle by cycle PWM current 
Sense Transformer to the PWM limit. Exceeding 1V threshold on 
comparator (+). Current Limit this pin terminates the PWM 
occurs when this point reaches cycle. 
Sv. 12 RAMP COMP Buffered output from the 

2 OVP Input to over voltage comparator. Oscillator Ramp (C(T)). A resistor 

3 MULTIPLIER Output of Current Multiplier. A to ground sets a current 112 of 

resistor to ground on this pin which is sourced on pins 9 and 

converts the current to a voltage. 11. 

4 EA OUT A Output of error amplifier. 13 GND B Return for the high current 
totem pole output of the PWM 

5 INVA Inverting input to error amplifier. controller. 
6 I(SINE) Current Multiplier input. 14 OUT B PWM controller totem pole 
7 DUTY CYCLE PWM controller duty cycle is output. 

limited by setting this pin to a 15 Vee Positive Supply for the IC 
fixed voltage. 

16 OUT A PFC controller totem pole output. 
8 PWM B Error voltage feedback input. 

17 GND A Return for the high current 
9 I(SENSE) B Input for Current Sense resistor totem pole output of the PFC 

for current mode operation or controller. 
for Oscillator ramp for voltage 

18 V(REF) Buffered output for the 5V mode operation. 

10 R(T) Oscillator timing resistor pin. A 
v<?ltage reference. 

5V source across this resistor 'sets 19 GND Analog signal ground. 

the charging current for C(T). 20 C(T) Timing Capacitor for the 
Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 
Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Vee) .................................... 35V 
Output Current, Source or Sink (Pin 12) 

DC ................................................... lOA 
Output Energy (capacitive load per cycle) ................ 5pJ 
Multiplier I(SINE) Input (Pin 6) ......................... 1.2mA 
Error Amp Sink Current (Pin 3) ........................ 10mA 
Oscillator Charge Current .............................. 2mA 
Analog Inputs (Pins 1, 4, 5) .................... -0.3V to 5.5V 

ELECTRICAL CHARACTERISTICS 

ML4819 

Junction Temperature ................................. 150·C 
Storage Temperature Range ................ -65·C to +150·C 
Lead Temperature (Soldering 10 sec) .................. +260·C 
Thermal Resistance (eJA) 

Plastic DIP or SOIC ............................... 65·C/W 

OPERATING CONDITIONS 
Temperature Range 

ML4819C ..................................... O·C to +70·C 

Unless otherwise specified, Rr = 14KO, Cr = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial Accuracy TJ = 25·C 90 97 104 KHz 

Voltage Stability 12V < Vee < 25V 0.2 % 

Temperature Stability 2 % 

Total Variation line, temp 88 106 KHz 

Ramp Valley 0.9 V 

Ramp Peak 4.3 V 

R(T) Voltage 4.8 5.0 5.2 V 

Discharge Current (pin 8 open) TJ = 25·C, Vp1N 16 = 2V 7.5 8.4 9.3 mA 

VP1N 16 = 2V 7.2 8.4 9.5 mA 

Duty Cycle Limit Comparator 

Input Offset Voltage -15 15 mV 

Input Bias Current -2 -10 pA 

Duty Cycle Vp1N 7 = VREF/2 43 45 49 % 

Reference Section 

Output Voltage TJ = 25·C, 10 = lmA 4.95 5.00 5.05 V 

Line Regulation 12V < Vee < 25V 2 20 mV 

Load Regulation lmA < 10 < 20mA 8 25 mV 

Temperature Stability .4 % 

Total Variation line, load, temp 4.9 5.1 V 

Output Noise Voltage 10Hz to 10KHz 50 iN 
Long Term Stability TJ = 125·C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -30 -85 -180 mA 

Error Amplifier Section 

Input Offset Voltage -15 15 mV 

Input Bias Current -0.1 -1.0 pA 

Open Loop Gain 1 < Vp1N 4 < 5V 60 75 dB 

PSRR 12V < Vee < 25V 60 90 dB 

Output Sink Current VP1N 4 = 1.1\1; VP1N 5 = 5.2V 2 12 mA 
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ML4819 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, Rr = 14K!l, Cr= 1000pF,TA = Operating Temperature Range, Vee =,15V (note 2) 

PARAMETER I CONDITIONS 1 MIN TYP UNITS 

Error Amplifier Section (Continued) 

Output Source Current VPIN 4 = 5.0Y, VPIN 5 = 4.BV -0.5 -1.0 rnA 

Output High Voltage IplN 4 = ,-O.5mA, ,vPIN 5 = 4.BV 6.5 7.0 V 

Output low Voltage IplN 4 = 2mA, VPIN 5 =,5.2V 0.7 1.0 V 

Unity Gain Bandwidth 1.0 MHz 

Multiplier 

I(SINE) Input Voltage I(SINE) = 500pA .4 .7 .9 V 

Output Current (pin 2) I(SINE) = 500pA, Pin 5 = VREF - 20mV 460 495 505 pA 

I(SINE) = 500pA, Pin 5= VREF + 20mV 0 10 pA 

I(SINE) = 1mA, Pin 5 = VREF - 20mV 900 990 1005 pA 

Bandwidth 200 KHz 

PSRR' 12V < Vee < 25V 70 dB 

Slope Compensation Orruit 

RAMP COMP Voltage (pin 12) V 

lOUT (pin 1 or pin 9) IPIN 12 ;, 100pA ,(note 3) pA 

OVP ~parator 

Input Offset Voltage Output Off -15 15 mv 
Hysteresis Output On 100 120 140 niv 
Input Bias Current " -0.3 -3 pA 

Propagation Delay 150 ns 

I(SENSE) Comparators A and B 

Input Common Mode R'Inge -0.2 5.5 V 

I n put Offset Voltage I(SENSE) A -15 15 mV 

I(SENSE) B +0.4 0.7 +0.9 V 

Input Bias Current -3 -10 pA 

I n put Offset Cu rrent -3 0 +3 pA 

Propagation Delay 150 ns 

IliMIT (A) Trip Point VP1N 3 = 5.5V 4.B 5 5.2 V 

I(UM) Comparator 

IliMIT Trip Point .95 1.0 1.05 V 

Input Bias Current -2 -10 pA 

Propagation. Delay 150 ns 

Output Section (A and B) 

Output Voltage low lOUT = -20mA 0.1 0.4 V 

lOUT = -200mA 1.6 2.2 'V 

Output Voltage High lOUT = 20mA 13 13.5 V 

lOUT = 200mA 12 13.4 V 

Output Voltage low in UVlO lOUT = -1mA, Vee = BV 0.1 O.B V 

Output Rise/Fall Time CL = 1000pF 50 ns 
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ELEORICAL CHARAOERISTICS (Continued) 
Unless otherwise specified, RT = 14KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15V (note 2) 

PARAMETER CONDITIONS 

Under Voltage Lockout 

Start-Up Threshold 

Shut-Down Threshold 

VREF Good Threshold 

"IOta1 Device 

Supply Current Start-Up, Vcc = 14V 

Operating, T, = 25°C 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: V cc is raised above the Start-up Threshold first to activate the Ie, then returned to 15V. 
Note 3: PWM comparator bias cu'rrents are subtracted from this reading. 

FUNOIONAL DESCRIPTION 
OSCILlATOR 

MIN lYP MAX 

15 16 17 

9 10 11 

4.4 

r-- - ----- ----1 
I 

UNITS 

V 

V 

V 

rnA 

rnA 

The Ml4819 oscillator charges the external capacitor 
(CT) with a current (ISET) equal to 5/RsET.When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 

,-_~I ~ TO PWM 

where: 

and: 

T ose = TRAMP + T DEADTIME 

C (Ramp V<J.lley to Peak) 
TRAMP = ----'----'------'-

ISET 

T _ C (Ramp Valley to Peak) 
DEADTIME - (B.4mA - ISET) 

The maximum duty cycle of the PWM section can be 
limited by setting a threshold on pin 7. When the C(T) 
ramp is above the threshold at pin 7, the PWM output 
is held off and the PWM flip-flop is set: 

Where: 

Dose x (VpIN 7 - 0.9) 
DUMIT ~ --==c.:..' -...:....::..:...:...-~ 

3.4 

DUMIT = Desired duty cycle limit 
Dose = Oscillator duty cycle 

----!n!--------'n 
10-11-

CLOCK OUT 

RAMP PEAK -:--"7'\--~--

RAMPVAL~~ _.L. __ ~ __ ~_ 

Figure 1. Oscillator Block Diagram 
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ERROR AMPLIFIER 

The ML4819 error amplifier isa high open loop gain, 
wide bandwidth, amplifier. 

r---------------------, 
1 1 
I +8V I 

'I +5V I 

6 .. 110 

I ,5mA 1 
1 I 
1 I 
1 I 
I I 
I I 
4 INV : 

I 
I 
I 

3 EAOUT : 
L ____________________ ~ 

Figure 4. Error Amplifier Configuration 
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Figure 5. Error Amplifier Open-Loop Gain .,and Phase 
vs. Frequency 

MULTIPLIER 

The ML4819 multiplier is a linear current input 
multiplier to provide high immunity to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way,small amounts of ground 
noise produce an insignificant effect on the reference 
to the PWM comparator. 

The output of the multiplier is a current proportional 
to: 

lOUT oc I(SINE) x HEA) 

where I(SINE) is the current in the dropping resistor, 
and HEA) is a factor which varies from 0 to 1 
proportional to the output of the error amplifier. When 
the error amplifier is saturated high, the output of the 
multiplier is approximately equal to the I(SINE) input 
current. 

The multiplier output current is converted into the 
reference voltage for thePWM comparator through a 
resistor to grClund on the multiplier output .(pin 3). 

IISINE) 

r----- - --------~---l 
ERROR I 

VOLTAGE MUITIPLIER 1 

9V 

IIS.INE) x IIERR) 

1 
) 

1 
I 
1 
1 
I 
I 
I 

3 MUITIPLIER : 
L ______________________ ...J 

Figure 6,. Multiplier Block Diagram 



SLOPE COMPENSATION 

Slope compensation is accomplished by adding 112 of 
the current flowing out of pin 12 to pin 1 (for the PFC 
section) and pin 9 (for the PWM section). The amount 
of slope compensation is equal to (lPIN 1212) x Rl where 
Rl is the impedance to GND on pin 1 or pin 9. Since 
most of the PWM applications will be limited to 50% 
duty cycle, slope compensation should not be needed 
for the PWM section. This can be defeated by using a 
low impedance load to the current sense on pin 9. 

t--{--ot-t-+ 10 PIN 9 

Figure 7. Slope Compensation Circuit 
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Figure 8. Multiplier Linearity. 

UNDER VOITAGE LOCKOUT 

" 2.0V" 

1.5V 

500 

On power-up the ML4819 remains in the UVLO 
condition; output low and quiescent current .low. The 
IC becomes operational when Vee reaches 16\1. When 
Vee drops below lOY, the UVLO condition is imposed. 
During the UVLO condition, the 5V VREF pin' is "off'; 
making it usable as a "flag". 
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Figure 9. .Under-Voltage Lockout Block Diagram 
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APPLICATIONS 
POWER FACTOR SECTION 

120 

The power factor section in the Ml4819 is similar,to the 
power factor section in the Ml4812 with the exception 
of the operation. of 'the slope compensation circuit. 
Please refer to the Ml4812 data sheet for more 
information. 

The followingcidculation~ refer to figure 12. The 
component designators in the equations below refer to 
the following components iQ figure 12: 

Rr = R16, Cr = .e6. 

INPUT INDUCTOR (ll) SELEalON 

The central component in. the regulator is the input. 
boost inductor. The value ·of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will' result in .I.ow power factor and. increased 
noise at the input. This will require more input filtering. 
In addition, whenthevalue of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the powerf~torwill decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high,then foril given operating current the 
required size ofthefnductor core will be large and/or 
the required nurrber of turns will be high. So a 
balance must pe reached between distortion and core 
size .. 

Olie more condition\oVhere the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 

.' . . . 
For the boost co!'verter at steady state: 

VIN 
Vour=---

1- DON; 

Where DON is the duty cycle [T ON/(T ON + T OFF))~ The 
input boost inductor will drY out when the following 
condition is satisfied: . 

or 

VINDRY=[1 .., DON (max)) x Your . 

VINDRY: Voltage where the inductor dries out. 
Your: Output dc voltage. 

(2) 

(3) 

Effectively, the above relationship shows that the 
resetting volt-seconds arelTlore than setting volt
seconds. In energy transfer terms this means that I.ess 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 

The recommendedtnaximum duty cycle is 95% at 
100KHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: Your = 380V and 
DON (max) = 0.95 

then substituting in (3fyi~lds' VINDRY = 20V. The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output pOwer, the instantaneous value of. 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equid to its peak so 
does the current. 

The load of the power factor regulator is usually a 
SWitching power supply which is essentially a constant 
power IQad. As a result, an increase. in the input voltage 
\vill be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 

Step 1: Find minimum operating current. 

then: 

Step 2: 

then: 

. 1.414 x PIN(min). 
IIN(mllT)PEAK = '. . '. 

VIN(max) 

VIN(max) = 260V 
PIN(mi'n) = SOW 
IIN(min)PEAK = 0.272A 

(4) 

Chqose a min.h:num current atwhich point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 

ILDRY = 100mA 
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ML4819 

Step 3: The value of the inductance can now be found 
using previously calculated data. 

VINORY x DON{max) 
l1 = (5) 

, IlDRY x fosc 
20V x 0.95 

-----~=2mH 
100mA x 100KHz 

The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
<;>nly requirement is that the ramp compensation must 
be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 

Step 4: The presence of the ramp compensation will 
change the dry out point, but the, value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of L 1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, ,and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core .that is suitable at arpund 200W is the' 
#4229PlOO-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180", for this 
application. ' 

OSCILLATOR COMPONENT SELECTION 

The oscillator timing components can be calculatecjby 
using the following expression: 

1.36 
fosc = --- (6) 

RT x CT 

For example: 

Step 1: At 100KHz with 95% duty cycle TOFF = 500ns 
calculate CT using the following formula: 

C T = T OFF x 1015 = 1000pF (7) 
Vosc 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 
RT=---

fosc x C T 100KHz x 1OO0pF 
(8) 

= 13.6KO choose RT = 14KO. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the Ml4819 is pn;lVided 
internally. A current equal to Vcm/2(R18) is added to 
I(SENSE) A (pin 1). This is converted to a voltage by R10, 
adding slope to the sensed current through T1. The 
amount of slope compensation should be at least 50% 
of the downslope of the inductor current duririg the off 

time as reflected on pin 1. Note that slope 
compensation is a requirement only if the inductor 
current is continuous and the duty cycle is more than 
50%. The highest inductor downslope is found at the 
point of inductor discontinuity: , 

di l = VB - VIN DRY 380V - 20V 

dt l 2mH 
(9) 

= 0.18 Nps 

The downslope as reflected to the input of the PWM 
comparator is given by: 

, VB - VIN ORY 
SPWM = , 

l1 

R11 
x -

Nc 
(10) 

Where Nc is the turns ratio of the current transformer 
(T1) used: In general, current transformers simplify the 
sensing of switch currents especially at high power 
levels w!1ere the use of sense resistors is complicated 
by the amount of power they have to dissipate. 
Normally the primary side of the transformer consists of 
a single turn and the secondary consists of several turns 
of either enameled magnet wire or insulated wire. The 
diameter of the ferrite 'core used in this example is 0.5" 
(SPANG/Magnetics F41206-TC). The rectifying diode at 
the output of the current transformer can be a1N4148 
for secondary currents up to 75mA average. 

Sense FETsor resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
Ml4819. ' 

The value of the ramp compensation (SCPWM) as seen 
at pin 1 is: 

2.5 x R9 
SCPWM =~----''--

R16 x C6 x R18 
(11) 

The required value for R18 can therefore be found by 
equating: '" 

SCPWM = Asc x SPWM 

where Asc is the amount of slope compensation and 
solving for R18. 

The value of R9 {pin 2) depends on the selection of Rz 
(pin 6) 

VIN(max)PEAK 260 x 1.414 
Rz = = 510K 

ISINE{peak) O.72mA 

VClAMP x Rz 4.8 x 510K 
R9> ' 22K 

VIN(min)PEAK 80 x 1.414 

Choose R9 = 27K 

The peak of the inductor current can be found 
approximately by: 

(12) 

(13) 

1.414 x POUT 1.414 x 200 
IlPEAK =. = 3.14A (14) 

VIN(mm)RMS 90 

'Micro Linear 



Selection of Nc which depends on the maximum 
switch current, assume 4A for this example is BO turns. 

VCLAMP x Nc 4.B x BO 
Rll = = --- "" 1000 (15) 

IlPEAK 4 

Where Rll is the sense resistor, and VCLAMP is the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5Y. In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action ,due to 
component tolerances. In this application VCLAMP was 
chosen as 4.BY. 

Having calculated Rll the value SpwM'andof R1B can 
now be calculated: 

3BOV - 20 100 
SPWM = x - = 0.225V//lS 

2mH BO ' , 

2.5 x R9 
~= ~ 

Asc x SPWM x RT x CT 
2.5 x 27K 

R1B = "" 30K 
0.7 x (.225 x 106) x 14K,x 1nF 

Choose R1B = 33K 

The following values were used in the calculation: 

R9 = 27K 
RT = 14K 

Asc = 0.7 
CT = 1nF 

VOIJAGE REGULATION COMPONENTS 

The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately 0.5pA, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be 0.4W then with 
3BOV output voltage the value can be calculated as, 
follows: 

Rs = (3BOV)2/0.4W = 360K (17) 

Choose two 17BK, 1% connected in series.' 

Then R6 can be calculated using the formula below: 
, VREF x Rs 5V x 356K 

R& = = , = 4.747K 
VB - VREF 3BOV - 5V " 

(1B) 

Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 

ML4819 

1 
CB=------

3.142 x Rs x BW 

1 
CB = = O.44pF 

3.142 x 356K x 2Hz 

OVERVOLTA(;E PROTECTION (OVP) COMPONENTS 

(19) 

The OVP loop should be set so that there is no 
interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above VOUT 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R7 = 356K then RB 
can be calculated as: 

Choose 4.53K, 1%. 

5V x 356K 
---=4.564K 
395V - 5V 

(20) 

Note that Rs, RGt R7 and Ra should be tight tolerance 
resistors such as 1% or better. 

OFF-LINE START-UP AND BIAS'SUPPLY GENERATION 

The Start-Up Circuit in figure 12 can be either a "bleed 
resistor" (39KO, 2W) or the circuit shown in figure 13. 
The bleed resistor method offers the advantage of 
simplicity and lowest cost, but may yield excessive turn
on delay at low line. 

When the voltage on pin 15 (Vcd e~ceeds 16Y, the IC 
starts up. The energy stored on the C10 supplies the IC 
with running power until the supplemental winding on 
T3 can provide the power to sustain operation. 

IN 

R33 
2K 

S~Ilf-UP 
CIRCUIT 

R32 
2K 

R30 
R31 4.3K 
510K 

Q6 
IRF821 

OUT 
'----1*+-_ TO vee 

D15 
1N4001 

Figure 13. Start-Up Circuit 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input"current 
harmonics_ Note that the circuit meets the proposed 
IEC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 
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PWM SECfION 

The PWM section in figure 12 is a two switch forward 
converter, shown in figure 14 below for clarity. This fully 
clamped circuit eliminates the need for very high 
voltage MOSFETs. Flyback topology is also possible with 
the Ml4819. 

~5VOC~~--------------~-, 

012 

ML4819 

Figure 14. lWo-Switch Forward Converter 

This regulator (figure 12) uses current mode control. 
Current is sensed through R24 and filtered for high 
frequency noise and leading edge transient through 
R23 and C14. The main regulation loop is through 
PWM B. The Tl431 (U3) in the secondary serves as both 
the voltage reference and error amplifier, with· isolation 
provided by an opto coupler (U2) providing a current 
command signal on pin 8. loop compensation is 
provided by R29 and CWo The output voltage is set by: 

( R29 ) VOUT = 2.5 1 +-
R2B 

The control loop is compensated using standard 
compensation techniques. 

(21) 

Current is limited to a threshold of 2A (1V on R24). The 
duty cyde is limited in this circuit to below 50% to 
prevent transformer ([3) core saturation. The maximum 
duty cyde limit of 45% is set using a threshold of 
VREFI2 on pin 7. 

The circuit in figure 12 can be modified· for voltage 
mode operation by utilizing the slope current which 
appears on pin 9 as shown in figure 15 below. 

The ramp amplitude appearing on pin 9 will be 

IRIB 
VR =- x R(V) (22) 

2 

where RIB is the slope .Compensation resistor. Since this 
circuit operates with a constant input voltage (as 
supplied by the PFC section) voltage feed-forward is 
unnecessary. 

R13 

R14 

Figure 15. Voltage Mode Configuration 

CONSTRUCfION AND LAYOUT TIPS 

High frequency power circuits require special due 
during breadboa.rd construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FIT, output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast.changing (high. dildt) circulating switching 
currents. The main source is the loop formed by Q1, 
06, and C3-C4. Therefore this loop should be as small 
as possible,. and the. above capacitors should be good 
high frequency. types. 

The second form of noise coupling is due to fast . 
changing voltages (high dv/dt). The main source in this 
case is tht! drain of the power FIT. The radiated noise 
in this case can be minimized by insulating the drain .of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor. 

The IC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printedcircuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 

6-116 'Micro Linear 



ML48J9 

Component Values/Bill of Materials for Figure 12 

Component Description Component Description 

Cl, C3 0.6/1F, 630V Film (250 VAe) R4 12K 

C2 330/1F, 400V Electrolytic R5, R7 357K, 1% 

C4 6800pF, 1 KV Ceramic R6 4.75K,1% 

C5, C6 1000pF R8 4.53K, 1% 

C7 lOpF, 35V R9 27K 

C8, Cll, C13, C15, C16 1/1F, Ceramic Rl0, R18 33K 

C9, C20, C21 0.1/1F, Ceramic Rll 910 

Cl0 1500/1F, 25V Electrolytic R12, R22 100 

C12, C17 1/1F, Ceramic R13, R14 4.7K 

C14 2200pF R15 4.3K 

C18 1500/1F, 16V Electrolytic R16 15K 

C19 4.7/1F R17 30 

01-05 lN5406 R20 Z50 

06 MUR850 R21, R19 3K 

07, 010 lN4148 R23 1000 

08 3V Zener diode or 4 x 1 N4148 R24, R25 10 
in series 

R26 l.5K 
09 MURll0 R27 l.2K 
011, 012 MUR150 

R28 8.66K, 1% 
013 083-004K 

R29 2.26K, 1% 
015 lN4001 

R30 2K,lW 
016,014 1 N5818 or 1 N5819 

R32, R33 2K 
Fl SA, 250\1, 3AG 

T1 Spang F41206-TC or 
L1 2mH, 4A IpEAK Siemens B64290-K45-X27 or X830 or 

Core: Ferroxcube 4229-3C8 Ferroxcube 768T188-3C8 
150 Turns 1124 AWG Ns = 80, Np = 1 
0.150" gap T2 Same core as T1 

l2 10/1H Ns = Np = 15 bifilar 
Core: Spang OF 43019 UGOO 
8 Turns 1115AWG gap 0.05" 

T3 Core: Ferroxcube 4229-3C8 
Pri. 44 Turns 1118 litz wire 

Ql-Q3 IRF840 Sec. 4 Turns of copper strip 

Q4, Q5 2N2222 
Aux. 2 Turns 1124 AWG 

Q6 IRF821 
U2 MOC8102 

Rl 330K U3 Tl431 

R2, R31 510K 

R3 5.6K 
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ORDERING INFORMATION 
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PART NUMBER 

Ml4819CP 
Ml4819CS 

TEMPERATURE 
RANGE 

O·C to +70·C 
O·C to +70·C 

.... ' 
. PACKAGE 

Molded DIP (P20) 
Molded PCC (S20W) 
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GENERAL DESCRIPTION 

The ML4821 provides the complete control for a "boost" 
type power factor correction system usi ng the average 
current sensing method. Special care has been taken in 
the design of the ML4821 to increase system noise 
immunity. The circuit includes a precision reference, 
multiplier, average current error amplifier, output error 
amplifier, over-voltage protection comparator, shutdown 
logic, as well as a high current output. In addition, start
up is simplified by an under-voltage lockout circuit with 
7V hysteresis. 

In a typical application, the ML4821 controls the average 
current, adjusting the pulse width of the output to 
modulate the current so that its shape conforms to the 
shape of the input voltage. The reference for the current 
regulator is a product of the sinusoidal line voltage times 
the output of the error amplifier which is regulating the 
output DC voltage. Average line voltage compensation is 
provided in the multiplier to ensure constant loop gain 
over a wide input voltage range. This compensation 
includes a special "brown-out" control which reduces 
output power below 90V RMS input. 

Forapplicationsinformatiori, Please see Applications 
Note 16. 

BLOCK DIAGRAM 

MULTIPLIER 
VRMS 

EAOUT 
61-~~-----. 

VR'F 

June 1992 
PRELIMINARY 

ML4821 

Power Factor Controller 
The ML4821 uses Micro Linears bipolar array technology 
which allows for customization of the IC for a user's 
specific application. Please consult Micro Linear for semi
standard options. 

FEATURES 

• Average current sensing for lowest possible 
harmonic distortion 

• Average Line compensation with Brown-out control 

• Precision buffered SV Reference (± 1 %) 

• Current Input Multiplier reduces external components 
and improves noise immunity 

• 1 A Peak Current Totem-Pole Output Drive 

• Over-Voltage comparator eliminates output "runaway" 
due to load removal 

• Wide common mode range in current sense 
comparators for better noise immunity 

• Large oscillator amplitude for better noise immunity 

• Output Driver internally limited to 17V 

• "Sleep mode" shutdown input 

SLEEP 

osc 

UNOER 
VOLTAGE 
LOCKOUT 

VR'F 16 

1-__ -=G:.:.N;,::°'-l18 

vee 15 

X>-_--'O:.,:U:.,:T., 14 
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PIN CONNECTION 

Ml482l 
l8-Pin DIP 

IUM GND 

IAOUT cr 

IA- VREf 

IA+ Vee 

ISINE OUT 

EAOUT PGND 

EA- Rr 

VRMS OVP 

SOFT START SYNC 

TOP VIEW 

PIN DESCRIPTION 

PIN PIN 
NO. NAME FUNCTION NO. NAME FUNCTION 

IUM Peak cycle-by-cycle Current limit 10 SYNC Oscillator synchronization input 
input. 

11 OVP Inhibits output pulses when the 
2 IAOUT Output and compensation node of the voltage at this pin exceeds SV .. Also, 

average current error amplifier. when the voltage at this pin is less 

3 IA- Inverting input of the average current 
error amplifier. 

than O.7V,the IC go~s into low current 
shut-down mode. 

4 IA+ Non-Inverting input of the average 
12 RT Timing Resistor for the Oscillator 

current error amplifier and output of 13 PWR Return for the High Cl,Jrrent Totem 
the multiplier. GND pole output. 

S I.SINE Current Multiplier input. 14 OUT ~igh Current Totem pole output. 

15 Vee Positive Supply for the IC 

6 EAOUT Output of output voltage error 16 VREF Buffered output f~r the 5V voltage 
amplifier. reference . 

7 INV Inverting input to error amplifier. 17 CT .. Timing Capacitor for the Oscillator. 

8 VRMS Input for Average Line Voltage 18 GND Analog signal ground. 
compensation 

9 SOFT Normally connected to Soft Start 
START Capacitor 
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ABSOLUTE MAXIMUM RATINGS 

Supply Current (lecl········· .. ························ .. ············3SmA 
Output Current, Source or Sink (pin 14) 

DC ......................................................................... 1.0A 
Output Energy (capacitive load per cycle) .................... S~J 
Multiplier ISINE Input (pin 5) .................................... 1.2mA 
Error Amp Source Current (pin 6) ............................. SOmA 
Oscillator Charge Current .......................................... 2mA 
Analog Inputs (pins 1,3,4, 7,8,9,10,11) ........ -O.3V to S.SV 
Junction Temperature ............................................... 150°C 
Storage Temperature Range ..................... -65°C to + 150°C 
Lead Temperature (Soldering 10 sec.) .................... +260°C 
Thermal Resistance (alA) 

Plastic DIP ......................................................... 6S oC/W 
Plastic SOIC ...................................................... 6S oC/W 

ELECTRICAL CHARACTERISTICS 

ML4821 

OPERATING CONDITIONS 
Temperature Range 

ML4821C .................................................. O°C to +70°C 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Unless otherwise specified, RT = 6.2KQ, CT = 720pF, TA = OperatinOg Temperature Range, Vee = lSV (Note 2). 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

OSCILLATOR 

Initial accuracy TA = 25°C 90 100 110 KHz 

Voltage stabil ity 12V < Vee < 18V 1 % 

Temperature stability 2 % 

Total Variation Line, Temperature 85 115 KHz 

Ramp Valley to Peak 4.7 5.2 506 V 

RT Voltage 4.8 5.0 5.2 V 

Discharge Current (pin 12 open) VPIN17 = 2V 7.8 8.4 9.3 mA 

Sync Input Threshold 1.5 2.0 2.5 V 

REFERENCE SECTION 

Output Voltage TA = 25°C, 10 = 1 mA 4.95 5.00 5.05 V 

Line regulation 12V < Vee < 24V 2 10 mV 

Load regulation lmA < 10 < 20mA 2 15 mV 

Temperature stability .4 % 

Total Variation line, load, temp 4.9 5.1 V 

Output Noise Voltage 10Hz to 10KHz 50 (.IV 

Long Term Stability T A = 125°C, 1000 hrs, (Note 1) 5 25 mV 

Short Circuit Current VREF= OV -30 -85 -180 mA 

VOLTAGE ERROR AMPLIFIER (EA) 

Input Offset Voltage 0 -15 mV 

Input Bias Current -50 -800 nA 

Open Loop Gain 2 < VPIN6 < 6V 60 75 dB 

PSRR 12V < Vee < 24V 70 100 dB 

Output Sink Current VpIN6 = 4V, VPIN7 = 5.5V 300 500 ~ 

Output Source Current VPIN6 = 4.0 V, VPIN7 = 4.8V -10 -30 mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VOLTAGE ERROR AMPLIFIER (EA) (Continued) 

Output High Voltage IpIN6 = -SmA, VPIN7 = 4.8V 7.0 7.5, V 

Output Low Voltage IpIN6 = 0, VPIN7 = 5.5V 0 0.5 V 
'. 

Unity Gain Bandwidth 1.0 MHz 

Soft Start Charge Current VPIN9 = 3V -25 -38 -55 VA 

CURRENT AMPLIFIER (IA) 

Input Offset Voltage -1.5 +2.5 mV 

Input Bias Current .,.0.15 -1 VA 

Input Offset Current +400 nA 

Open Loop Gain 2 < VPIN6 < 7V 80 , 100 dB 

PSRR 12V < Vee < 24V 65 85 dB 

Output Voltage Low IOL = 300fJA 0 0.5 V 

Output Voltage High IOH=-10mA 7.0 7.5 V 

Input Common Mode Range -0.3 2.5 V 

MULTIPLIER 

Gain VPIN7 = 4.8V, VPINB = OV 0.9 1.2 1.3 
VPIN7 = 4.8V, VPINB = 1.75V 3.25 3.88 4.40 
VPIN7 = 4.8V, VPINB = 2.6V 1.35 1.75 2.15 
VPIN7 = 4.8V, VPINB = 5.2V 0.25 0.38 0.50 

Output Current VpIN7 = 5.2V, VPINB = 5.2V -2 -4 flA 

Output Current Limit VPIN7 = 4.8V, IplNS = 500mA, 
VPINB = 1.75V 370 395 410 fJA 

ILiM COMPARATOR 

Input Offset Voltage mV 

Input Bias Current 

OVP COMPARATOR 

Input Offset Voltage Output Off -25 5 mV 

Hysteresis Output On 85 105 130 mV 

Input Bias Current .,.03 -3 flA 

Propagation Delay 150 ns 

Shutdown Threshold 0.4 0.7 -1.0 V 

PWM COMPARATOR: ISENSE 

Input Common Mode Range V 

Propagation Delay ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

OUTPUT SECTION 

Output Voltage Low lour = 20mA 0.1 0.4 V 
lour = 200mA 1.6 2.2 V 

Output Voltage High lour=-20mA 13 13.5 V 
lour = -200mA 12 13.4 V 

Output Voltage Low in UVLO lour = -SmA, Vee = BV 0.1 O.B V 

Output Rise/Fall Time CL = 1000pF 50 ns 

UNDER-VOLTAGE LOCKOUT 

Start-up Threshold 14.5 16.5 V 

Shut-Down Threshold B.5 10.5 V 

VREF Good Threshold 4.4 V 

TOTAL DEVICE 

Supply Current Start-up, Vee = 14V, TA = 25°C 0.6 1.2 mA 
Operating, T A = 25°C 26 32 mA 

Internal Shunt Zener Voltage lee = 35mA 25 27 35 V 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the Start-up Threshold first to activate the Ie, then returned to 15V 

Note 3: Multiplier gain is defined as: lOUT PIN4 
\NPIN6 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The Ml4821 oscillator charges the external capacitor (CT) 
with a current equal to 2.S/RT' When the capacitor 
voltage reaches the upper threshold, the comparator 
changes state and the capacitor discharges to the lower 
threshold through Q1., 

The Oscillator period can be described by the following 
relati0nship: 

Tose = TRAMP + T DEADTIME 

where: 

TRAMP = C(RarnP Valley to Peak) + (lRT/2) 

. and: 

T DEADTIME = C(Ramp Valley to Pk) .;- (8AmA - IRT/2) 

CLOCK 

RAMP PEAK 
-c~ - - -.~~ - - - -;;-'\ - ---

RAMP VALLEY _ L ____ _ V _____ \ __ _ 
The Ml4821 oscillator includes a SYNC input for 
synchronizing to an external frequency source. A positive 
pulse on this pin of 2V (typ) resets the oscillators 
comparator and initiates a discharge cycle for CT. The RT 
and CT component values which set the Ml4821 
oscillator frequency should be selected to produce a 
lower frequency than the external frequency source. 

Figure 1. Osccillator Block Diagram. 

ERROR AND CURRENT AMPLIFIERS 

The ML4821 error amplifier is a high open loop gain, 
wide bandwidth, amplifier with a class A output. The soft 
start circuit controls the input to the error amplifier fdr 
closed loop soft start operation. 

The current amplifier (lA) is similar to the 'erroramplifier 
but is designed for very low offsets to allow the selection 
of a low value resistor for RSENSE. 

OUTPUT DRIVER STAGE 

The Ml4821 Output Driver is a 1 A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive lo.ads, such as power MOSFET gates. The 
driver circuit's output voltage is internally. limited to 17V. 

MULTIPLIER 

The ML4821 multiplier is a linear currentinput multiplier 
which provides high immunity to the disturbances caused 
by high power switching. The rectified line input sine 
wave is converted to a current via a dropping resistor. In 
this way, small amounts of ground noise produce an 
insignificant effect on the reference to the PWM 
comparator. 

The output of the multiplier is a current which appears on 
pin 4 to form the reference for the current error amplifier 
and is given as: 

IMUl = K X ISINE X (VEA - 0.8) 

where: 

ISINE is the current in the dropping resistor, VEA 
is the output of the error amplifier and K is a 
constant determined by the V(RMS) input on 
pin 8. K assumes a higher value for the range 
from 90 to 170V than in the range above 170V. 

1000 

"-
" \.. '" ~ ~ 

......... ........ ~ 

'" " ..... --r'I... r-... I ........... ......... 330p 

...... r-.... --'- -... -l.;F"o ~ I""""--"- --- 470pl 

",aopl 

10 
o 10 20 30 40 50 

RT(kll) 

Figure 2. Oscillator Timing Resistance vs. Frequency. 
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Figure 3. Error and Current Amplifier Configuration 
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10. OUTPUT LOAD CURRENT (rnA) 

Figure 5. Output Saturation Voltage vs. Output Current. 

The output current of the multiplier is limited to: 

I 2.5 
MUL(MAX)=~ 

This sets the system current limit.The multiplier output 
current is converted into the reference voltage for the 
current (fA) amplifier through a resistor to ground on pin 
4, the multiplier output. 

Figure 6 shows the gain adjustor (K) with respect to the 
voltage at pin #8. The curve has been separated in two 
parts. The right hand part is for operation under normal 
conditions in the voltage range from minimum line 
voltage to maximum line voltage (90VAC to 260VAC). 
85VAC on the curve has been chosen to account for 
tolerances. Under normal operating conditions as input 
voltage decreases the gain increases compensating for the 
drop in the loop gain. . 

Under brownout conditions (below 8SVAC) the gain 
decreases to limit the amount of current that is drawn 
from the line thus preventing an overload condition. This 
is a very useful feature since in many cases the load for a 
PFC is a constant power load. The input current has to go 
high to compensate for a drop in the input voltage. . 

Ml482l 

'r----,----,-----,----.----.-----o 

-30 

-2~'LO---lOO.1.---I • .J.OK-----l10L..K---IOLOK---I.OLM-.ll.....JlOJ80 

f, FREQUENCY (Hz) 

Figure 4. Error Amplifier Open-loop Gian and Phase vs. 

K 

Frequency. 
O.S r---,-~ ... --r--,--__,--,__-

0.4 1--+-I-+-\--l~Gl>L-+---l--_+-__l 

0.3 1---lI---bdoo=l- THIS IS THE MINIMUM 
OPEflA,TING 
VOLTAGE POINT 

I 
0.2 I---/--+-=:::"+-~-~THIS GAIN eURVE TAKES 

OUT THE 1/V'N)2 
DEPENDENCY OF THE 
VOLTAGE CONTROL LOOP 

0.1 1---+---lI--++--~.,-__+..,.-I_--I 

85VAC 120VAC 220VAe 

VOLTAGE ON PIN #8 

Figure 6. K-factor. Gain adjustor gain with 
respect to the voltage at pin #8. 

UNDER VOLTAGE LOCKOUT, 
OVP AND CURRENT LIMIT 

On power-up the ML4821 remains in the UVLO 
condition; output low and quiescent current low. The IC 
becomes operational when Vcc reaches 16V. When 
VCC drops below 9V, the UVLO condition is imposed. 
During the UVLO condition, the 5V Vref pin is "off", 
making it usable as a "flag" for starting up a down-stream 
PWM converter. 

OVP, SHUTDOWN, AND IC BIAS 

When the input to the OVP comparator exceeds VREF, the 
output of the ML4821 is inhibited. The OVP input also 
functions as a "sleep" input, putting {he IC into:the low 
quiescent UVLO state when the OVP pin is pulled below 
O.7V. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The circuit in Eigure 11 below supplies Vee power to the 
ML4821. Start-up current is delivered via R10. The IC 
starts when pin1S reaches lS.SV. After that time running 
power is delivered through the tap on L 1. The 
configuration shown delivers a voltage proportional to 
VOUT. 
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Figure 7. Multiplier Linearity. 
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Figure 8. Under-Voltage Lockout Block Diagram. 
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Figure 9. Total Supply Current vs. Supply Voltage. Figure, 1 O. Reference Load Regulation. 
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Figure 11. Bias and Start-up Circuit. 

ORDERING INFORMATION 

PART NUMBER 

Ml4821CP 
Ml4821CS 

TEMPERATURE RANGE 

ooe to +70oe 
ooe to +70oe 

PACKAGE 

l8-Pin Molded DIP (P18) 
l8-Pin Molded sOle (S18W) 

Note: Other packages and temperature ranges can ~ .made available on request. Contact your local Micro linear 
Representativ..e for more information. 
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ML4821 EVAL 

Average Current PFC Controller Evaluation Kit 

GENERAL DESCRIPTION FEATURES 

The ML4821 EVAL kit provides a convenient vehicle to 
evaluate the ML4821 average current sense power factor 
correction control IC It contains all of the necessary 
documentation with the evaluation board and key 
components to quickly evaluate the application circuit. 
The board is designed for a 200W universal input PFC 
circuit. However power components can be replaced for 
higher or lower power applications. 

• Harmonic currents well below proposed IEC555-2 
limits. 

• Power Factor » .99 

• THD < 5% 
• Universal Input Range (85Vac to 256Vac) 

• 380V output at 200W. 

• Efficiency as high as 94%. 

KIT COMPONENTS 
• Auxiliary supply from additional inductor winding. 

• OVP protection. 

• User's Guide 

• ML4821 Datasheet 

• Application Note 16 

• ML4861 Sample 

• Evaluation Board 

• Key Power Semiconductor Components 

• Powder Iron Toroidal Inductor 

• Input and output filter capacitors 

• Heatsinks 

BLOCK DIAGRAM 
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PRELIMINARY 

ML4823 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The ML4823 High Frequency PWM Controller is a~ IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed for single-ended applications using voltage or 
current mode and provides for input voltage feed 
forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit and exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and prevent 
mUltiple pulsing. An under-voltage lockout circuit with 
800mV of hysteresis assures low startup current and 
drives the outputs low during fault conditions. 

The ML4823is fabricated on a 40V bipolar process 
FB3480 Power Supply Controller Array. Customized 
versions of this controller are therefore easily 

BLOCK DIAGRAM 

implemented. Please refer to the FB3480 datasheet for 
more information. 

This controller is similar in architecture and 
performance to the UC1823 controller, however the 
ML4823 includes features not found on the 1823. 
These features are set in Italics. 

FEATURES 
• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current (2A peak) Totem Pole Output 
• Wide Bandwidth Error Amplifier 
• Fully latched Logic 
• Pulse-by-Pulse Current Limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage Lockout with Hysteresis 
• S.1Y, ±1% Trimmed Bandgap Reference 
• Pin Compatible Improved Replacement for UC1823 
• Fast Shut Down Path from Current Limit to Outputs 
• Soft Start Latch Ensures Full Soft Start Cycle 
• Outputs Pull Low for Undervoltage Lockout 

CLOCK OUT 

SIGNA~ 

...L ~ 
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PIN CONNECTIONS 

PIN 
PIN # 

1 

2 

3 

4 

5 

6 

7 

8 

ML4823 
16-Pin DIP 

DESCRIPTION 
NAME FUNCTION 

INV Inverting input to .error amp. 

NI Non-inverting input to error amp. 

E/A OUT Output of error amplifier and 
input to main comparator. 

CLOCK Oscillator output. 

R(T) Timing Resistor for Oscillator -
sets charging current for oscillator 
timing capacitor (pin 6). 

C(T) Timing Capacitor for Oscillator. 

RAMP Non-Inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

SOFT START Normally connected to Soft Start 
Capacitor. 

PIN # 

9 

10 

11 

12 

13 

14 

15 

16 

ML4823 
20-PinPCC 

5.1V KEF 

ML4823 

OUTPUT 

I(LlM) KEF 

RAMP t NC t GND 

SOFT I(LlM)IS.D. 
STAI« 

TOP VIEW 

NAME FUNCTION 

I(LlM)/S.D. Current limit sense pin. Normally 
connected to current sense 
resistor. 

GND Analog Signal Ground. 

I(LlM) REF Reference input for cyc\e-by-cyc\e 
current limit comparator. 

PWR.GND Return for the High Current 
Totem pole outputs. 

Ve Positive Supply for the High 
Current Totem pole outputs. 

OUT B High Current Totem pole output. 

Vee Positive Supply for the Ie. 

5.1V REF Buffered output for the 5.1V 
voltage reference. 
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ML4823 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 15, 13) ... , ........................... 30V 
Output Current, Source or' Sink (Pins 11, 14) 

DC ................................................... O.5A 
Pulse (0.5ps) .......................................... 2.0A 

Analog Inputs 
(Pins 1, 2, 7, 8, 9) .............................. -O.3V to 6V 

Clock Output Current (Pin 4) .......................... -SmA 
Error Amplifier Output Current (Pin3) .................. SmA 
Soft Start Sink Current (Pin 8) ..... :.... . . . . . . . . . . . . . .. 20inA 
Oscillator Charging Current (Pin 5) .......... , ...... :.. -SmA 
Junction Temperature 

Ml4823M ........................................... 150°C 
Ml48231, Ml4823C ....•..•.......................... 125°C 

Storage Temperature Range ................ -65°C to +150°C 
lead Temperature (Soldering 10 sec.) ................ +260°C 

ELECTRICAL CHARACTERISTICS 

Thermal Resistance (B,A) 
Plastic DIP .......................... : ................. 65°C/W 
Ceramic DIP ....................................... 65°CIW 
Plastic Chip Carrier (PCC) ......................... 60°C/W 

OPERATING CONDITIONS 
Temperature Range 

Ml4823M ................................ -55°C to +125°C 
Ml48231 ................................... -40°C to +85°C 
Ml4823C ..................................... O°C to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. . 

Wnless otherwise specified, RT = .3.6SKn, CT = 1000pF, T A = Operating Temperature Range, Vee = lSV. 

PARAMmR CONDITIONS MIN TYP MAX UNITS 

Oscillator 

Initial Accuracy T, = 25°C, (note 1) 360 400 440 KHz 

Voltage Stability 10V < Vee < 30Y, (note 1) 0.2 3 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 KHz 

Clock Out High 3.9 4.5 V 

Clock Out low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Reference Section 

Output Voltage T,= 25°C, 10 = lmA 5.00 5.10 5.20 V 

line Regulation 10V < Vee < 30V 2 20 mV 

load Regulation lmA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < T, < 150°C, (note 1) .2 .4 % 

Totai Variation line, load, temp. (note 1) 4.95 5.25 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

long Term Stability T, = 125°C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Error Amplifier Section 

Input Offset Voltage TA = 25°C ±15 mV 
Operating Temperature Range ±20 mV 

Input Bias Current .6 3 pA 

Input Offset Current .1 1 pA 

Open Loop Gain 1 <Vo<4V 60 95 dB 
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ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Error Amplifier Section (Continued) 

CMRR 1.5 < Vee < 5.5V, TA = 25°C 75 95 dB 
Operating Temperature Range 65 dB 

PSRR 10 < Vee < 30V, TA = 25°C 80 110 dB 
Operating Temperature Range 75 dB 

Output Sink Current VPIN 3 = 1V 1 2.5 rnA 

Output Source Current VPIN 3 = 4V -.5 '-1.3 mA 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output low Voltage IplN 3 = 1mA 0 0.5 1.0 V 

Unity Gain Bandwidth (note 1) 3 5.5 MHz 

Slew Rate (note 1) 6 12 Vips 

PWM Comparator Sectioo 

Pin 7 Bias Current VPIN 7 = OV -1 -10 IlA 

DUty Cycle Range Ml4823C 0 80 % 

Ml4823M, Ml48231 TA ~ 25°C 0 80 % 

Ml4823M, Ml48231 TA < 25°C 0 70 % 

Pin 3 Zero DC Threshold VPIN 7 = OV 1.1 1.25 V 

Delay to Output (note 1) 50 80 ns 

Soft-Start Section 

Charge Current VPIN 8 = O.5V 

Discharge Current VPIN 8 = 1V mA 

Current Umit/ Shutdown Section 

Pin 9 Bias Current OV < VPIN 9 < 4V ±15 IlA 

Current limit Offset VPIN 11 = 1.1V 0 30 mV 

Pin 11 Common MOde Range TA > 25°C 1.0 1.25 V 
TA < 25°C 1.1 1.25 V 

Shutdown Threshold 1.25 1.4 1.60 V 

Delay to Output (note 1) 40 70 ns 
I 

Output Section 

Output low level lOUT = 20mA .25 .4 V 

lOUT = 200mA 1.2 2.2 V 

lOUT = -20rnA 13.0 13.5 V 
Output High level 

lOUT = -200mA 12.0 13.0 V 

Collector leakage Ve = 30V 100 500 IlA 

Rise/Fall Time CL = 1000pF, (note 1) 30 60 ns 

Under-Voltage Lockout Section 

Start Threshold V 

UVlO Hysteresis V 

Supply Current 

Start Up Current Vee = 8V, TA ~ O°C 1.1 2.5 rnA 
TA:S; O°C 3.5 mA 

lee VPIN 1, 7, 9 = Ov, 25 33 mA 
VplN 2 = 1V, TA = 25°C 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 
OSCILLATOR 

TheML4823 oscillator charges the eXternal capacitor 
(CT) with a current (lSET) equal to 3/RsET. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be'described by the 
following relationship: 

T OSC = TRAMP + T DEADTIME 
where: T RAMP = C (Ramp Valley to Peak)/lsET 

and: T DEADTIME = C (Ramp Valley to Peak)/IQ1 

100 lK 10K lOOK 

FREQ (Hz) 

Figure 2. Oscillator TIming Resistance vs Frequency 
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Figure 3. Oscillator Deadtime vs Frequency 
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ERROR AMPLIFIER 

The ML4823 error amplifier is a S.SMHz bandwidth 
12V//lS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 

V,N' / ~\ , 
1/ V~UT \ 1\ 

I-V L_ v I-
1 

o 0.2 0.4 0.6 0.8 1.0 

TIME (jJs) 

Figure 5. Unity Gain Slew Rate 

OUTPUT DRIVER STAGE 

The ML4823 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

Vee 

POWER 
Ve 

OUT 

POWER 
GND 

Figure 7. Simplified Schematic 
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Figure 8. Saturation Curves 
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Figure 11. Supply C~rrent vs Temperature 

ORDERING INFORMATION 

PART NUMBER 

Ml4823CP 
Ml4823CQ 
Ml48231P 
Ml48231Q 
Ml4823MJ 
Ml4823CS 

SOFT START AND CURRENT LIMIT 

The ML4823 employs two. current limits. When the. 
voltage at pin 9 exceeds the I(LlM) REF threshold on 
pin 11, the outputs are immediately shut off and the· 
cycle is terminated for the remainder of the oscillator 
period by resetting the RS flip flop. 

If. the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 9 
reaches l.4V before the outputs have turned off, a soft 
start cycle is .initiated. The soft start capacitor (pin 8) is 
discharged and outputs are held "off" until the voltage 
at pin 8 reaches lV,~nsuring a complete soft start 
cycle. The duty cycle on start up is limited by limiting 
the output voltage of the error amplifier voltage to the 
voltage at pin 8. 

TEMPERATURE 
RANGE 

O·C to +70·C 
O·C to +70·C 
-40·C to +8S·C 
-40·C to +8S·C 
-SS·C to +12S·C 
O·C to +70·C 

PACKAGE 

Molded DIP (P16) 
Molded PCC (Q20) 
Molded DIP (P16) 
Molded PCC (Q20) 
Hermetic DIP (J16) 
Molded SOIC (S16W) 
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'Micro Linear ML4825 

High Frequency Power Supply Controller 

GENERAL DESCRIPTION 
The Ml4825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 

The Ml4825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 

BLOCK DIAGRAM 
R(I) 

C(l) 

1.2SV 

~III-'+-----l 

EIA OUT 

easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is similar in architecture and 
performance to the UC1825 controller, however the 
Ml4825 includes many features not found on the 1825. 
These features are set in Italics. 

FEATURES 
• Practical Operation at Switching Frequencies to 1.0MHz 
• High Current (2A peak) Dual Totem Pole Outputs 
• Wide Bandwidth Error Amplifier 
• Fully latched logic with Double Pulse Suppression 
• Pulse-by-Pulse Current limiting 
• Soft Start and Max. Duty Cycle Control 
• Under Voltage lockout with Hysteresis 
• 5.1V, ±1% Trimmed Bandgap Reference 
• Pin Compatible Improved Replacement for UC1825 
• Fast Shut Down Path from Current Limit to Outputs 
• Outputs Preset to Known Condition After Under 

Voltage Lockout 
• Soft Start Latch Ensures Full Soft Start Cycle 
• Outputs Pull Low for Undervoltage Lockout 
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P~N<=ONNEcrIONS 

ML4825 
ML4825 ML4825 20-Pin P~C 

16-Pin DIP 16-Pin SOIC 

INV S.1VREF INV 'S.1V REF 

NI Vee NI Vee E/AOUT OUT 0 

E/AOUT OUT 0 E/AOUT OUT 0 Ve 
CLOCI( Ve CLOCK Ve NC 

R(T) PWRGND R(T) PWRGND R(T) PWRGND 
c(T) OUTA c(T) OUT A C(T) OUTA 

RAMP GND RAMP GND 

SOFT START l(lIM)/S.D. 'SOFT START l(lIM)/S.D. NC 

TOP VIEW TOP VIEW 

PIN DESCRIPTION 
PIN II NAME FUNCTION PIN II NAME FUNCTION 

INV Inverting input to error amp. 9 l(lIM)/S.D. Current limit sense pin. Normally 
:' .. ; 2 NI Non-inverting input to error amp. connected to current sense 

resistor. 
3 E/A OUT Output of error amplifier and 

10 GND Analog Signal Ground. input to main, comparator. 

4 CLOCK Oscillator output. 11 OUT ,A High Current Totem pole output. 
This output is the first one 

5 R(T) Timing Resistor for Oscillator - energized after . Power On Reset. 
sets charging current for oscillator 

12 PWR GND Return for the High Current timing capacitor (pin 6). 

6 Cm Timing Capacitor for Oscillator. 
Totem pole outputs. 

13 Ve Positive Supply for the High 
7 RAMP Non-Inverting input to main Current Totem pole outputs. 

comparator. Connected to C(T) for 
14 OUT B High Current Totem pole output. Voltage Mode operation or to 

current sense resistor for current 15 Vee Positive Supply for the IC 
mode. 16 5.1V REF Buffered output for the S.1V 

8 SOFT START Normally connected to Soft Start voltage reference. 
Capacitor. 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage (Pins 15, 13) .............................. 30V Thermal Resistance (IJJA) 
Output Current, Source or Sink (Pins 11, 14) Plastic DIP or SOIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 65·C/W 

DC ..................................... ; ............ 0.5A Plastic Chip Carrier (PCC) ....... , ... :.............. 60·C/W 
Pulse (0.5JlS) .......................................... 2.0A 

Analog Inputs 
(Pins 1, 2, 7) ................................... -O.3V to 7V OPERATING CONDITIONS 
(Pins 9, 8) ..................................... -O.3Vto 6V Temperature Range 

Clock Output Current (Pin 4) . . . . . . . . . . . . . . . . . . . . . . . . .. -SmA 
Error Amplifier Output Current (Pin 3) .................. SmA 

ML48251 ................................... -40·C to +85·C 

Soft Start Sink Current (Pin 8) ......................... 20mA 
ML4825C ..................................... O·C to +70·C 

Oscillator Charging Current (Pin 5) .................... -SmA 
Junction Temperature 

ML48251, ML4825C .................................. 125·C 
Storage Temperature Range ................ -65·C to +150·C 

Absolute maxi~um ratings are those values beyond whi~h the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 

Lead Temperature (Soldering 10 sec.) ................ +260·C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, RT = 3.6SKO, CT = 1000pF, TA = Operating Temperature Range, Vee = 1SV. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

OscillatOr 

Initial Accuracy TJ = 25·C, (note 1) 360 400' 440 KHz 

Voltage Stability 10V < Vee < 30Y, TA=25·C (note 1) 0.2 2 % 

Temperature Stability (note 1) 5 % 

Total Variation line, temp, (note 1) 340 460 K!1z 

Clock Out High 3.9 4.5 V 

Clock Out Low 2.3 2.9 V 

Ramp Peak (note 1) 2.6 2.8 3.0 V 

Ramp Valley (note 1) 0.7 1.0 1.25 V 

Ramp Valley to Peak (note 1) 1.6 1.8 2.0 V 

Reference Section 

ML4825C TJ = 25·C, 10 = 1mA 5.00 5.10 5.20 V 
Output Voltage 

ML48251 5.05 5.10 5.15 V 

Line Regulation 10V < Vee < 30V 2 20 mV 

Load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55·C < TJ < 150·C, (note 1) .2 .4 % 

Total Variation ML4825C line, load, temp (note 1) 4.95 5.25 V 

ML48251 line, load, temp TA > O·C, (note 1) 5.00 5.20 V 

ML48251 line, load, temp TA < O·C, (note 1) 4.95 5.25 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

Long Jerm Stability TJ = 125·C, 1000 hrs, (note 1) 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 rnA 

Error Amplifier Section 

Input Offset Voltage I ML48251,C TA > O·C 15 mV 

I ML48251 TA < O·C 20 mV 

Input Bias Current .6 3 pA 

Input Offset Current .1 1 pA 

Open Loop Gain 1 < Vo < 4V 60 96 dB 
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Mt4825 

ELECTRICAL CHARACTERISTICS (Continued) 
Unless otherwise specified, RT = 3.65KO, CT = 1000pF, TA = Operating Temperature Range, Vee = 15\1, 

I , CONDITIONS MIN lYP MAX UNITS 
Error Amplifier Section (Continued) 

CMRR 
.'> 

,Ml48251,C 1.5V <: VCM <S,5V, TA > O·C 75 95 dB 

Ml48251 1.5V <VCM < 5.5V, TA <O·C 65 95 dB 

PSRR Ml48251,C 10V < Vce <30V, TA > O·C 80 110 dB 

Ml48251 10V <Vee < 30V, TA < O·C 75 110 dB 

Output Sink Current 'VPIN ,3 = .1V 1 2.5 I)'lA 

Output Source Current :. VPIN 3 = 4V -.5 -1.3 mA 

Output High Voltage IplN 3 = -O.5mA 4.0 4.7 5.0 V 

Output low Voltage IplN 3 = 1mA 0 0.5 1.0 V 

Unity Gain. Bandwidth (note 1) 3 5.5 MHz ... 
Slew Rate (note 1) 6 12 .,"' V/J1S 

PWM Comparator Section .. 
Pin 7 Bias Current Ml48251,C VplN 7 = OV, TA > O·C -1 -5 pA 

Ml48251 VplN 7 = OV, TA < O·C -10 pA 

Duty Cycle Range Ml4825C 0 85 % 

Ml48251' TA > O·C 0 80 % 

Ml48251 TA < O·C 0 70 % 

Pin 3 Zero DC Threshold· VplN 7 = OV 1.1 1.25 V 

Delay to Output. (note 1) 50 80 ns 

Soft-Sf;Irt Section 

Charge Cu rrent VplN 8 = 0.5V pA 

Discharge Current VplN 8 = 1V mA 

CUrrent Umii/ShutdoWn Section, 

Pin 9 Bias Current I Ml4825C OV < VPIN 9 < 4V +10 pA 

I Ml48251 OV < VPIN 9 < 4V +15 pA 

Current limit Threshold ,.9 1 1.1 V 

Shutdown Threshold TA> O·C 1.25 1.4 1.55 V 

TA < O·C 1.25 1.4 1.60 V 

Delay to Output (note 1) 40 70 ns 

Output Section 

Output low level lOUT = 20mA .25 .4 V 

lOUT = 200mA 1.2 2.2 V 

Output High level lOUT = -20mA 13.0 13.5 V 

lOUT = -2oomA 12.0 13.0 V 

Collector leakage Ve = 30V 
, 

100 500 pA 

Rise/Fall Time CL = 1OO0pF, (note 1) 30 60 ns 

Under-Voltage Lockout Section 

Start Threshold V 

UVlO Hysteresis. V 

Supply Current 

Start Up Current I Mt48251,C Vee = 8V, TA > O·C 1.1 2.5 mA 

1 ML48251 Vee = 8V, TA < O·C 3.5 mA 

lec VplN 1 7. 9= Ov, VPIN 2 = 1V, TA=25·C 26 33 mA 

Note 1: This parameter not 100% tested in production but guaranteed by design. 

6-138 !1LMic:ro Lin~ar 



FUNOIONAL DESCRIPTION 
OSCILLATOR 

The ML4825 oscillator charges the external capacitor 
(CT) with a current (ISET) equal to 31 RSET. When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T osc = TRAMP + T DEADTIME 

where: TRAMP'; C (Ramp Valley to Peak)/lsET 

and: T DEADTIME = C (Ramp Valley to Peak)/IQ1 

CLOCK n n 
--=---' '------' 10-+11-

RAMP PEAK 
-~------- -

C1 

- ---- --- -
RAMP VAlLEY 

Figure 1. Oscillator Block Diagram 
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Figure 2. Oscillator Timing Resistance vs Frequency 
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Figure 3. Oscillator Deadtime vs Frequency 
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Figure 4. Oscillator Deadtirne vs cm (3Kn :::; Rm :s 100Kn) 

ERROR AMPLIFIER 

The ML4825 error amplifier is a 5.5MHz bandwidth 
12VIJlS slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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VI~ I / ~ 

I 
II v9l1T '1\ 
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Figure 5. Unity Gain Slew Rate 
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Figure 6. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The ML4825 Output Driver is a2A peak output high 
speed totem pble circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 

Vee 

Figure 7. Simplified Schematic 
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Figure 8. Saturation Curves 
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Figure 11. Supply Current vs Temperature 

SOFT START AND CURRENT LIMIT 

The ML4825 employs two current limits. When the 
voltage at pin 9 exceeds 1Y, the outputs are 
immediately shut off.and the cycle is terminated for the 
remainder of the oScillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches1;4V before the outputs have 
turned off, a soft start cycle is initiated. The soft start 
capacitor (pin 8) is discharged and outputs are held 
"off" until the voltage at pin 8 reaches 1Y, ensuring a 
complete soft start cycle. The:duty cycle on start up is 
limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 

'Micro Linear 



ORDERING INFORMATION 

PART NUMBER 

ML4825CP 
ML4825CQ 
ML4825IP 
ML4825IQ 
ML4825CS 

TEMPERATURE 
RANGE 

ODC to +70DC 
ODC to +70DC 
-40DC to +85DC 
-40DC to +85DC 
ODC to +70DC 

'-Micro· Linear 

PACKAGE 

Molded DIP (P16) 
Molded PCC (Q20) 
Molded DIP (P16) 
Molded PCC (Q20) 
Molded SOIC (S16W) 

ML4825 
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GENERAL DESCRIPTION 
The ML4830 is a complete solution for a dimmable, high 
power factor, high efficiency electronic ballast. Contained 
in the ML4830 are controllers for "boost" type power factor 
correction as well as for a dimming ballast. 

The Power factor circuit uses the average current sensing 
method with a current fed multiplier and over-voltage 
protection. This system produces power factors of better 
than 0.99 with low input current THD at> 95% efficiency. 
Special care has been taken in the design of the ML4830 to 
increase system noise immunity by using a high amplitude 
oscillator, and a current fed multiplier. An over-voltage 
protection comparator stops the PFC section in the event of 
sudden load decrease. 

The ballast section provides for programmable starting 
scenarios with programmable pre-heat and lamp out-of
socket interrupt times. The IC controls lamp output 
through either frequency or Pulse Width control using lamp 
current feedback. 

The ML4830 is designed using Micro Linear's Semi-Standard 
tile array methodology. Customized versions of this IC, 
optimized to specific ballast architectures can be made 
available. Contact Micro Linear or an authorized represen
tative for more information. 

SIMPLIFIED BLOCK DIAGRAM 

R(X)/C(X) 

INTERRUPT 

OVP/INHIBIT 

IAOUT 

IA -

IA+ 

I(SINE) 

EAOUT 

EA -

PAT. PEND. 
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ML4830 

Electronic Banast Controller 

FEATURES 

• Complete Power Factor Correction and Dimming Ballast 
Control on one IC 

• Low Distortion, High Efficiency Continuous Boost, 
Average Current sensing PFC section 

• Programmable Start Scenario for Rapid or Instant Start 
Lamps 

• Lamp Current feedback for Dimming Control 

• Selectable Variable Frequency or PWM dimming modes 

• Programmable Restart for lamp out condition to reduce 
ballast heating 

• Over-Temperature Shutdown feature replaces external 
heat sensor for safety. 

• PFC Over-Voltage comparator eliminates output "run
away" due to load removal 

• Large oscillator amplitude and current fed multiplier. 
improves noise immunity 

OUTPUT 
DRIVERS 

MODE 

LAMP F.B. 

·LFB OUT 

PWMOR 
FREQUENCY 

MODULATOR 

OUT A 
>--t----·iJ5 

OUT B 14 

PFC OUT 16 

UNDER-VOLTAGE I--__ v'-'c""c'--! 
AND THERMAL 

SHUTDOWN 
Vref 

GND 
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PIN CONFIGURATION 
Ml4830 

2()"Pin DIP (P-20) 

IA- 20 EAOUT 

IAOUT 2 19 EA-

I(SINE) 3 18 Vref 

IA + 4 17 VCC 

LAMP F:B. 5 16 PFC OUT 

LFB OUT 6 15 OUT A 

R(SET) 7 14 OUTB 

MODE 8 13 GND 

R(T)/C(T) 9 12 R(X)/C(X) 

INTERRUPT 10 11 OVP/INHIBIT 

TOP VIEW 

PIN DESCRIPTION 
PIN# NAME 

2 

3 

4 

5 

6 

7 

8 

9 

IA-

IAOUT 

I (SINE) 

IA+ 

LAMP F.B. 

LFB OUT 

R(SET) 

MODE 

R(T)C(T) 

FUNCTION 

Inverting input of the PFC average 
current error amplifier 

Output and compensation node of the 
PFC average current error amplifier 

PFC Current Multiplier input. 

Non-Inverting input of the PFC 
average current error amplifier and 
input of peak current limit comparator 

Inverting input of an Error Amplifier 
used to sense (and regulate) lamp arc 
current. Also the input node for 
dimming control 

Output from the Lamp Current Error 
Amplifier used for lamp current loop 
compensation 

External resistor which sets oscillator 
FMAX Multiplier max lOUT and R(X)j 
C(X) charging current 

Controls how the Lamp Current Error 
Amp and preheat timers modulate the 
ballast outputs. Two Variable Fre
quency and 1 PWM mode are 
available through this pin 

Oscillator timing components 

PIN# NAME 

10 INTERRUPT 

11 OVPj 
INHIBIT 

12 R(X)jC(X) 

13 GND 

14 OUTB 

15 OUTA 

16 PFC OUT 

17 VCC 

18 Vref 

19 EA-

20 EAOUT 

'Micro Linear 

FUNCTION 

A voltage oigreater than Vref resets 
the chip and causes a restart after a 
delay of 3 times the start interval. 
Used for lamp-out detection and 
restart 

When the voltage of this pin exceeds I 
5V, the PFC output is inhibited. When • 
the voltage exceeds 6.8V, the IC 
function is inhibited and the IC is 
reset. This pin can be used for a 
remote ballast shut-down 

Sets the timing for the preheat, 
dimming lockout, and interrupt 

IC Ground 

Ballast MOSFET drive output 

Ballast MOSFET drive output 

Power Factor MOSFET drive output 

Positive Supply for the IC 

Buffered output for the 5V voltage 
reference 

Inverting input to PFC error amplifier 

PFC Error Amplifier output and 
compensation node 
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PREHEAT 
AND 

INTERRUPT 1--------, 
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Figure 1. ML4830 Block Diagram 
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Fl 
L1 

;i AC 
IN 120V 

C31' 
= 

L2 

~L3 4 Dl D2;rY\ D7 
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D4 D3 

R4 R2 
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R23 R24 - R22 It Ql 

C7 + 
C18 
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Rl 
R3 
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~ 

-

R5 

r--- Rll 

1 2 
2 1 

C8 R13 3 1 
4 1 

C9 
51Cl 1 
6 1 
7 1 

~8 1 -
9 1 

lf~~ C10 
R7 ~ R28 CIS : : 

R6 Cl1 

RlO Cl C13 C5 

R8 

R20 I~ Q2 

. :IIF I~ 

Tl "r: Q

; 

C12: D13 R27 : 

ML4830 

T2A 

~ ~; 
~!~ 0": '" " 

ELLOW 

ELlOW 
ED 

ED 

D5 C26 !~ T4 

F-
D8 

C19 IF' 

r------ R19 

R26 

D10 

~C21 R17 
Dl1 R18 

R25 

8 LUE 

B LUE 

DIMMI NG 
ROL CaNT 

(TP2 

D12 ~C6 D6"~ R161 C16 C17 

R9 

*PGND 

D9 R15 
INHIBIT 

(TP1) 

Figure 2. Typical Application: 2-Lamp Dimming Ballast 

ORDERING INFORMATION 

PART NUMBER 

ML4830CP 

TEMPERATURE 
RANGE PACKAGE 

MOLDED DIP (P20) 

Other packages and temperature ranges can be made available on request. Contact your local Micro Linear Representative 
for more information. 
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GENERAL DESCRIPTION 
The ML4861 is a complete solution for DC to DC conver
sion for 1 to 3 cell battery powered systems. The systems 
requires a minimum number 6f external components: one 
inductor and one capacitor. The boost circuit of the 
ML4861 is capable of running with input voltages as low as 
1 V. Three different versions are available: a SV output, 
3.3V output, or an adjustable version. 

Special care was taken in the design of the ML4861 to 
optimize system efficiency. Synchronous rectification 
eliminates the need for an external schottky diode and 
provides lower forward drop. The regulator operates using 
discontinuous boost and only starts an output puls~ when 
the output voltage has drooped. The regulator operates as 
a variable frequency system and only uses power when 
switching. 

The circuit also contains a RESET output which goes low 
when the IC can nolongef'flinction due to low input 
voltage, or when the DETECT input drops below 200mV. 

BLOCK DIAGRAM 

Ll 

4 DETECT 
, OPTIONAL 

C2 Vref 
21-__ '" 

REG 

July 1992 
PRELIMINARY 

ML4861 

Low Voltage Bo.ost Regulator 

The ML4861 output is ±S% accurate and is specified as a 
tomplete system. Typical efficiency is 90% for a SV output 
with a 2.5V input. 

The ML4861 is fabricated using Micro Linear's FC3S80. 
This allows for customizing of the IC for a user's specific 
application. Contact Micro Linear for more information. 

FEATURES 

• Synchronous Rectification for high efficiency (90%) 

• Minimal External Components: 1 Cap, 1 Inductor 

• Very LowRos ON (0.20 N-Channel, 0.50 P-Channel) 

Ii Works down to 1 V input 

• Reset flag to Microprocessor when VIN is removed 

• Micro Power 6iCMOS (50j.iA ISUPPLY) 

• Low output detect comparator 

• 8-Pin SOIC Package 

• SV, 3.3V and Adjustable Output Versions 

RESET 

FDBACK 

200mVr-~----~-' 

+ 
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PIN CONFIGURATION 

VIN 

Vref 

GND 

DETECT 

ML48Gl fixed output 
8-Pin SOIC (S08) 

8 

2 

6 

4 

TOP VIEW 

Part 
Number 

ML4861 CS-3.3 

ML4861 Cs-s.O 

PWRGND 

RESET 

Output 
Voltage 

3.3V 

s.OV 

ML4861CS-ADJ ADJUSTABLE 

PIN DESCRIPTION 

FIXED OUTPUT VERSIONS 

PIN#NAME FUNCTION 
1 VIN Battery Input voltage. 

2 Vref 200mV Reference pin. 

3 GND Analog signal ground. 

4 DETECT When this input is below Vref, the RESET 
pin goes low. 

S VOUT Output of the Boost Regulator 
6 VL Boost Inductor Connection 
7 RESET Output goes low when regulation cannot 

be achieved or when DETECT is below 
200mV. 

8 PWRGND Power Ground 

Temperature 
Range 

O°C to 70°C 

O°C to 70°C 

O°C to 70°C 

V IN 

Vref 

GND 

SENSE 

PIN# NAME 
1 VIN 

2 Vref 

3 GND 

4 SENSE 

S VOUT 
6 VL 
7 RESET 

8 PWR GND 

'Micro Linear 

Ml48Gl adjustable 
8-Pin SOIC (S08) 

8 

2 

6 

4 

TOP VIEW 

Package 

SOIC (508) 

SOIC (508) 

SOIC (508) 

ADJUSTABLE VERSION 

FUNCTION 
Battery Input voltage. 

200mV Reference pin. 

Analog signal ground. 

ML4861 

PWRGND 

RESET 

VL 

VOUT 

Programming pin for the adjustable 
voltage version. 
Output of the Boost Regulator 
Boost Inductor Connection 
Output goes low when regulation cannot 
be achieved 
Power Ground 
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS 

~~!~f~d~~t~~YC~}~~~t::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~ Temperature Range ...................................... O.OC to +7o'oC 
Operating Voltage Range 

Junction Temperature ................................... , .............. lSO.oC VIN ................................................ :..... 1.O.V to VOUT -O..2V 
Storage Temperature Range ...... : ........ :.:.-6SoC to +lSO.oC 
Lead Temperature (Soldering 10. Sec.) .................. +26O.o C 
Thermal Resistance (iliA) , 

SOIC ........................................................ ;; ............. 8SoC/W 

Absolute maximLJm ratings are those values beyond which 
the device could be permanently damaged .. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA=Operating Temperature Range, VOUT= SV for ML4861-S.O., -AD!, VOUT= 3.3V 
for ML4861-3.3. 

PARAMETER CONDITIONS MIN TYP MAX 
SUPPLY CURRENT 

VIN Current VIN",VOUT ~D.2V 50. 70. 

VOUT Quiescent Current 5 8 

VL Quiescent Current 1 2 

REFERENCE SECTION 

Vref Output Voltage 0. < IPIN2 < -51!A, VIN = Operating Range 190. 20.0. 210. 

PFM REGULATOR 

Pulse Width 9 10 11 

Output Voltage I ML4861-5.D, -ADJ Table 1, 0. < IO~T< lMAX 4.75 5 5.25 

I ML4861-3.3 Table 1,0. < lOUT < IMAX 3.135 3.3 3.465 

RESET COMPARATOR 

DETECT Threshold 190. 20.0. 110 

DETECT Bias Current -25 -10.0 

Pin 7 VOH IOH ,=-1 DI!A, 2V < V QUT < 5V VouT-D.2 

Pin 7 VOL I~L = 2O.I!A, 2V < VOUT < 5V 0..2 

VIN Reset Threshold 0..65 0..85 1 

VIN L EFFICIENCY lOUT VIN L EFFICIENCY 

(I!H) % (TYP) (rnA) (I!H) % (TYP) 

VOUT;'" 5V .. VOUT= 3.3V , 

1.0. 10 75 65 1.0. 10. 75 

1.0. 20. 85 40. 1.0. 20. 85' 

1.5 15 77 110. 1.5 15 87 

1.5 3D 88 60. 1.5 3D 87 

3.0. 3D 81 215 3.0. 3D 75 

3.0. 60. 90. 120. 3.0. 60. 85 

4.5 45 81 320. 

4.5 90. 91 180. 

Table 1. Output Current Capabilities of Ml4861 at Various Input Voltages 
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UNITS 

I!A 

I!A 

I!A 

mV 

I!S 
V 

V 

mV 

nA 

V 

V 

V 

lOUT 
(rnA) 

120. 

68 

175 

100. 

355 
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FUNCTIONAL DESCRIPTION 

The ML4861 combines Pulse Frequency Modulation (PFM) 
and synchronous rectification to create a boost converter 
that is both highly efficient and simple to use. The PFM 
approach allows a single inductor to be charged to a fixed 
peak current and then completely discharged before 
another cycle begins, simplifying the design by eliminating 
the need for the conventional current limiting circuitry. 
Synchronous rectification is accomplished by replacing the 
conventional extern~1 Schottky diode with an on chip 
PMOS device, redu6ng losses and eliminating the external 
component. 

REGULATOR OPERATION 

A block diagram of the boost conve~ter is shown in Figure 
1. When VOUT is at or above the desired output voltage, 
the circuit remains idle, drawing only SOIlA from the input 
supply pin VIN and only SIlA from the output VOUT through 
the feedback resistors, R1 and R2. When VOUT drops 
below the desired output level, the A 1 output goes high, 
signaling the circuit to deliver charge to the output. Since 
the A2 output is normally high, the flip-flop captures the A 1 
set signal and creates a pulse at the gate of the NMOS 
transistor Q1. The NMOS will charge the inductor for 
lOlls, resulting in a peak current given by: 

I _ TON X VIN _ 10IlS X VlN 
L(MAX) - L1 - L1 

For reliable operation, L 1 should be chosen such that 
IL(MAX) does not exceed 1 A. 

'-':'hen th: one s~ot times out the NMOS releases the VL 
pin allOWing the Inductor to fly-back and momentarily 
charge the output through the body diode of PMOS 

t-----1R 

S 
Q 

lOllS 
ONE 

SHOT 

ML4861 

transistor Q2. But as the voltage across the PMOS changes 
polarity, its gate gets driven low by the current sensing 
amplifier A2, and the PMOS shorts out the diode. The 
inductor then discharges into the load with minimum 
voltage drop through the PMOS. The output of A2 also 
serves to reset the flip-flop and one shot in preparation for 
the next charging cycle. When current in the PMOS falls to 
zero, A2 releases the gate and, if VOUT is still low, allows 
the flip-flop to initiate another pulse. The inductor current 
and one shot waveforms are shown in Figure 2. 

INDUCTOR 
CURRENT 

Q(ONESHOT) Q20N 

Figure 2. PFM Inductor Current Wave Forms and Timing 

The maximum output current available from the regulator 
can be determined from the following equation: 

I _ EFFICIENCY x VlN x 0.45 x IL(MAX) 
OUT (MAX) - V.. 

OUT 

A trade off exists between efficiency and maximum output 
current. Higher efficiency can be obtained by choosing a 
larger inductor value. However, this will also reduce the 
maximum output current available. 

Q2 

V OUT 
H __ -. + 

Cl 
V OUT 

1-. 
* Jumpers not connected for ML4861-ADJ 

Figure 1. PFM Regulator Block Diagram 

, .'.: . 

'Micro Linear 6-149 



Ml4861· 

The output filter capacitor will limit the ripple on VOUT' 
The value can be chosen based on the acceptable change 
inoutpulvoltage for a: single inductor discharge cycle, 
which is given by:· , . 

0.5 X YIN x 10~SXIt(MAX) 
LlVOUT = 

C1 x (VOUT - \'IN) 

For V1N = 1.SV, VOUT = 5V, IL(MAX) = O.5A and C1 = 47/!F, 
the output ripple will be 23mV. Capacitor.equivalentseries 
resistance (ESR) must also ,be considered when choosing a. 
capacitor, both for ripple and efficiency. 

If the input voltage impedance is too high, an additional 
l/!F capacitor(C2) may be required from input source to 
keep V1N from beirig pulled low during normal operation. 

The adjustable version of t!1e ML4861 requires an external 
resistor feedback string to set VOUT' The output level can 
be determined from the following equation: 

. VOUT = 0.2 x (R1+R2) 
R2 

where R1 and R2 a[eas5ho~n in Figure 1. R2 shouldbe 
around 40KQ or less to keep' base ·currerit errors low.' 

In the adjustable version, the feedback node on A 1 is 
brought out to pin 4 through R2 and the jumpers shown in 
Fig. ·1 are not corinected. 

RESET COMPARATOR 

An additional comparator is provided to detect lqw VOUTc 
low V1N, or some other errQr condition importan't to the .. 
user. The inverting input of the comparator is connected to 
200mV, while the non:inverting input is provided externally 
at the DETECT pin. The output of the cOmparator is the 
RESET pin, which swings from ground to VOUT' This output 
is OR-ed with the internal iJnder-voltage,detectcircuit, and 
will go low when V1N is removed. 
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ML4861 EVAL 

Low Voltage Boost Regulator Evaluation Kit 

GENERAL DESCRIPTION FEATURES 
The ML4861 EVAL kit provides a convenient vehicle to 
evaluate the ML4861 low voltage boost regulator IC It 
contains all of the necessary documentation with the 
evaluation board, IC and key components to quickly 
evaluate the application circuit. This board can be used for 
either fixed or adjustable versions. 

• Synchronous Rectification for high efficiency (90%) 

The ML4861 is a complete solution for DC to DC conver
sion for 1 to 3 cell battery powered systems. The systems 
requires a minimum number of external components: one 
inductor and one capacitor. The boost circuit of the 
ML4861 is capable of running with input voltages as low as 
1 V. Three different versions of the IC are available: a SV 
output, 3.3V output, or an adjustable version. The evalua
tion kit is shipped with the ML486l-S.0 

BLOCK DIAGRAM 

II 

4 
DETECT 

'OPTIONAL 

C2 2 
Vref 

REG 

• Wide Input Range (lV to 4.5V) 

• Accomodates either fixed or adjustable versions 

• Regulation to better than ±S% over line and load 

• Low Output Ripple (SOmV p-p) 

• Regulation down to no load 

KIT COMPONENTS 

• User's Guide 

• ML4861 Datasheet 

• ML4861 Sample 

• PC Board 

• Toroid for Inductor (L 1) 

~ 200mV~~----~~ 

+ 

BOOST 
CONTROL 

*R2 

* SENSE 

* ML4861-ADJ only 
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GENERAL DESCRIPTION 

The ML4862 is a complete solution for DC to DC conver
sion and power management in multi-cell battery powered 
portable computers and instruments. Several advanced 
techniques are incorporated in the IC for the highest 
possible systems efficiency and lowest possible battery 
drain. 

The S.OV and 3.3V main regulators in the ML4862 each 
controls a Synchronous Rectified buck regulator and each 
drives two N-Channel MOSFETs. This allows high conver
sion efficiencies (90% or greater). Bias for all N-Channel 
MOSFETs in the system as well as the input for the 12V 
regulator for programming EEPROMs comes from an 
auxiliary winding on the buck regulator choke. 

The ML4862 also contains 3 outputs to drive external N
Channel MOSFETs to power down disk drives and memory 
under control of external logic. Automatic switch-over to 
battery operation is also provided when the charger is 
removed. A ILPower SV linear regulator and low battery 
indicator are provided for the power monitoring logic. 

BLOCK DIAGRAM 

July 1992 
ADVANCE INFORMATION 

ML4862 

Battery Power Control IC 

FEATURES 

• Two Synchronously Rectified, 100KHz Buck Regulators: 
for SV and 3.3V outputs 

• Low Cost All N-ChanneIMOSFET Switching 

• Three Logic to N-Channel Gate Drive translators for 
power management 

• ILPower SV standby linear regulator to run power 
management logic 

• Output and logic for N-Channel MOSFET to disconnect 
battery when charger is connected 

• 12V Auxiliary output available with On/Off Control for 
E2 memory programming 

• Low battery detect comparator 

• Wide Input Voltage Rahge (SV to 20V) 

• Customizable Tile Array Technology - Consult factory for 
additional options 
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·PIN CONFIGURATION PIN NAME 

9 OUT2B 
ML4862 

32-Pin sOle (S32W) 10 OUT1B 

11 5VOUT 

R(T) 32 12VOUT 

V(ADAPTER) 2 31 Vref 12 I(SENSE)B 
VGS 3 30 ON/OFF 

BATTERY LOW 4 29 FDBKA 
13-15 SWl-3 

V(BAT) S 28 CaMPA 16 V(GT) 

FDBK B 6 27 ENABLE A 
17-19 SOUTJ-l 

COMPB 7 26 OUT2A 

ON/OFF 12 8 25 GND 20 SOFT START 

OUT2B 9 24 PWR GND 21 I(SENSE)A 

OUT1B 23 OUT1A 22 V(IN) 
SVOUT 22 V(IN) 23 OUT1A 

I(SENSE)B 21 I(SENSE)A 24 PWR GND 

SW1 20 SOFT START 
25 GND 

26 OUT2A 
-SW2 19 SOUT1 

SW3 18 SOUT2 27 ENABLE A 

V(GT) 17 SaUD 
28 COMPA 

29 FDBKA 
TOP VIEW 

30 ON/OFF 

PIN DESCRIPTION 

PIN NAME FUNCTION 
R(T) Timing Resistor which sets oscillator 31 Vref 

frequency 

2 V(ADAPTER) Input to sense whether adapter is 
32 12V OUT 

active. When this pin is above 
V(BAT), VG5 goes low. 

3 VG5 Output to drive N-Channel MOSFET 
gate to switch battery out when 
adapter is present 

4 BATTERY LOW A logic low level indicates the voltage 
on V(BAT) is below 2.SV. This is an 
open-collector output. 

S V(BAT) Battery Comparator input 

6 FDBK B Voltage Feedbackfor buck regulator B 

7 COMPB Buck Regulator Bfrequency compen-
sation terminal 

8 ON/OFF 12 A logic high turns. on the 12V linear 
regulator 

'Micro Line8r 

Mt4862· 

FUNCTION 

5V Buck Regulator Synchronous 
Rectifier Output 

SV Buck Regulator Switch Output 

Output of the J.lPower SV regulator. 
No~mally used to power external 
management circuits and logic 

Current Sensing for buck regulator B 
current limit 

Inputs for pc;>wer management 
MOSFET gate drivers 

Boosted voltage to drive N-Channel 
gates and input to 12V linear. regulator 

MOSFET gate drive outputs for power 
management 

Connected to a soft start capacitor 

Current Sensing for buck regulator A 
current limit 

Input from Battery or AC Adapter 

3.3V Buck Regulator Switch Output 

Power Ground 

Logic and signal Ground 

3.3V Buck Regulator Synchronous 
Rectifier Output 

A logic low disables Buck Regulator 
A's Synchronous Rectifier output 

Buck Regulator A frequency compen
sation terminal 

Voltage Feedback for buck regulator A 

A Iowan this pin disables all IC 
funCtions except the low battery 
detection comparator, the linear 5V 
regulator and the 2.5V reference, and 
puts the IC into a low current con
sumption mode 

Buffered 2.SV reference output 

Output of the 12V linear regulator 
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ABSOLUTE MAXIMUM RATINGS, 
Absoluiemaximum ratings are those values beyond which 
the device could be permanently damaged. Absolute' 
maximum ratings are stress ratings only and functional 
device operation is not implied, 

ISENSE Inputs (pins 12 ,21) ......................... , ........................... V(lN) 
Comparator Inputs (pins 2, 5) ................................ ·O.3V to S.SV 
Junction Temperature ............................................................. 150°C 
Storage Temperature ~ange' .................. , ............ ·6SoC to +lS0°C 

Voltage on any pin ........ : .................................................. ,........ 36V 
Output Current, Source or Sink (Pins 9,10,23,26) 

lead Temperature (Soldering 10 Sec.) ......................... , .... + 260°C 
Thermal Resistance (elA) Plastic SOIC ......................... 60°C/W 

Pulsed ................................ ,................................................ 300mA 
VGS Source Current ........ , ............... : ....................................... '20mA OPERATING CONDITIONS. 
VGS Sink Current ................................................................. 200mA 
12V Linear Regulator Output Current ................................ 200mA Ambient Temperature Range .................... , ....... , .... O°C to + 70°C 
5V Linear Regulator Output CurrenL. ................................. SOmA V(IN) Voltage Range ...................................... : ......... :. S.4V to 24V 
Logic Inputs (pins 8,13,14,15,27,39) ....................... -O.3V to 5.5V V(GT) Voltage Range .......................................... V(IN),O.S to 35V 

ELECTRICAL CHARACTERISTICS 
Unless otherwise specified, TA=Operating Temperature Range; V(IN)=12V, V(GT)=22V, R(T)=120KQ. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
OSCILLATOR 

Initial accuracy 98 100 102 Khz. 

Dead Time SOK ~ R(T) ~ 300K 600 800 1000 nS 

Maximum Duty CyCle 90 94 % 

Voltage Stability 6V < V(IN) < 20V 2 % 
ERROR AMPLIFIERS 

Input Offset Voltage 2 10 mV 

Input Bias Current 10 100 nA 

Output High Voltage lour -2mA 2.8 2.95 V 

Output low Voltage lour= 20llA 0.2 V 

Source Current VOUT=2:SV -5 -7 mA 

Sink Current VouT=2.SV 10 50 IlA 
Gain-Bandwidth Product 675 KHz 

HIGH SIDE (OUTl) OUTPUTS (Pins 10 23) , 
Output High Voltage IOUT= -400mA 18.5 19.5 V 

lour=-20mA 21 21.3 V 

Output low Voltage lour= 200mA 1.6 2 V 

lour= 20mA 0.2 0.5 V 

LOW SIDE (OUT2) OUTPUTS (PinS 9 26) , 
Output High Voltage lour= -400mA 135 14.1 V 

IOUT=-20mA 14 14.4 V 

Output low Voltage lour= 200mA 1.6 2 V 

IOUT= 20mA 0.2 0.5 V 

SOFT START AND CURRENT LIMITS (PinS 12 2021) 

Voltage Threshold From V(lN) -250 -200 -150 mV 

Bias' Current VI(SENSE)=V(IN)-200mV 27 50 IlA 

Soft Start ICHARGE -10 -13 -16 IlA 

Soft Start IDISCHARGE 5 6.2 mA 

REFERENCE SECTION 

Output Voltage V 

Line regulation 5.4V < VIN < 20V, IpIN31 ~ -1 mA mV/V 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, TA=Operating Temperature Range, V(IN)=12V, V(GT)=22V, R(T)=120KQ. 

PARAMETER I CONDITIONS I MIN I TYP 
12V LINEAR REGULATOR 

Output Voltage 10=60mA 

Line regulation 16V<V(GT)<30V 

Drop Out Voltage (VcrVoul) 10=10mA 

Load regulation 10llA < 10 < 60mA 

5V LINEAR REGULATOR 

Output Voltage 10ul=lmA 

Input Voltage VOUl ~ 4.85V, 10= 1 OmA 

Line Regulation 5.4V < VIN < 20V, 10-10mA 

Load Regulation 10IlA < 10 < 25mA 

V(BAT) and V(ADAPTER) COMPARATORS 

Input Bias Current V(IN)=20V 

Input Offset Voltage 

Battery Low VOl Im= 200ilA 

Battery Low VOH 30KQ pullup to 5V 

VG5 Source Current VPIN3=V(GT)-3V 

VG5 Sink Current VPIN3=lV 

POWER MANAGEMENT DRIVERS (Pms 13·15, 17·19) 

Source Current VsourlOV 
Sink Current Vsoul=10V 

Output High Voltage ISOUl - -2OIlA 
Output Low Voltage ISOUl= 20llA 
LOGIC INPUTS (pms 8, 13-15,30,27) 

Logic Low (VILl 

Logic High (VIH) 

SUPPLY CURRENT 

I(IN)+I(GT) Sleep Mode, TA-25°C 

I(IN) Run Mode, TA=25°C 

I(GT) Run Mode, TA=25°C 

FUNCTIONAL DESCRIPTION 

POWER DOWN MODES 

The ML4862 operates in either a powered down mode or a 
run mode according to the state of the ON/OFF pin. When 
the ON/OFF pin is high, the IC is in the run mode and·alllC 
sections are functioning. When the ON/OFF pin is low, the 
IC is in the standby mode and only the I-lPower SV linear 
regulator, 2.SV reference, and BATTERY LOW comparator 
are on. All gate drive outputs are low. The SV linear 
regulator then provides the power to run the system's 
power managemerit logic. 
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Figure 1. 5V Linear Regulator Output at low V(IN) 
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Ml4862 

BUCK REGULATORS 

The two buck regulators (fig. 3) are synchronously rectifying 
voltage mode PWM regulators capable of being used over 
a wide variety of loads and input voltages. The use of 
synchronous rectification improves system efficiency by 
reducing the fixed drop associated with the "freewheeling" 
diode in conventional regulators. These regulators also 
drive 'all N-Channel power MOSFETs, significantly improving 
system efficiency at a low cost. In order to drive the 
MOSFET gates adequately,.aV(GT) supply must be pro
vided which is higher than the battery voltage by an 
amount sufficient to provide full enhancement voltage to 
the MOSFETs. This can be generated by usi'ng a winding 
from the SV buck regulator as shown below. V(GT) must 
not be lower than O.SV below V(IN). 

qGT) 

~ 

H(GT) , " 

OUT2 
B2 

Figure 2. Generating V(GT) bias voltage 

Buck Regulator A includes a pin to disable the synchronous 
rectifier driver (OUnA) to prevent pulling current out from 
the output, allowing the inductor current to become 
discoritinuous at light loads. 

V(OUT) 

I 
.'~ 

Selection of the external MOSFETs, output inductor,and 
capacitor determine the output capabilities of the regulator. 
Output voltage is set by RF1 and RF2 where. 

v = 2.5 x (RF1+RF2) 
OUT RF2 

(1) 

The short circuit current limit is set by external resistor R(S). 

I '" .2:3. SHORT CKT R(S) 
(2) 

C(SS) is discharged when the regulator is off or when the 
voltage across R(S) exceeds 200mV. F2 ensures that C(SS) 
is fully discharged. This circuit provides reliable output 
short circuit protection with very little power wasted in the 
sensing element. The error amplifier's output voltage is 
limited to the voltage on the SOFT START pin. When C(SS) 
is discharged, the regulator'S duty cycle is O. 

. 250 

N ,::t: 200 
:..: 
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&: 
<II 100 = 
W 50 ... 

o 

I\, 

o 50 

'" ........ ........... ~ -
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Figure 4. Oscillator Frequency vs. R(T) 

F2 

* Buck Regulator A only 

Figure 3. Buck Regulator Block Diagram 
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Figure 6. OUT2 Rise and Fall Time vs. Load CLOAD 

LOGIC TO MOSFET GATE DRIVERS 

This section provides a convenient translation stage for 
turning on low cost external N-Channel power MOSFETs 
for power management. SOUT sources current when SW 
is high and sinks current when SW is low. These outputs 
are limited to small currents to switch these MOSFETs 
slowly, reducing the transients to the main regulator output 
from switching in discharged capacitances. Additional slow 
down of the switching may be achieved by adding capaci
tance from the SOUT pins to GND. 

BATTERY DETECTION AND ADAPTER SWITCH 

These two functions are provided by comparators. The 
V(ADAPTER) comparator goes high when the V(BAT) pin is 
higher than V(ADAPTER), so that the system can run from 
the battery without the loss associated with a diode. When 
the AC adapter is plugged in, the voltage on pin 2 goes 
high, VG4 switches low, and the system runs from the AC 
adapter. A low battery comparator with an open collector 
output is also provided to monitor battery level. 

12V LINEAR REGULATOR 

The 12V regulator includes a shut-off pin. Since thi's 
regulator takes its input from V(GT) care should be taken to 
ensure that the regulator does not cause excessive heat in 
the IC when used with high values of V(IN). 
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Figure 7. 12V Regulator Load Regulation 
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Figure 10. SLEEP mode Current (lIN) vs. VIN Voltage 

SEMI·STANDARD OPTIONS 
The Ml4862 can be quickly and easily modified to suit 
individual customer requirements. Examples of some of the 
possible customizations might include: 

• Reducing the number of pins, or Ie cost by eliminating 
unwanted functions . 

• Replacing unwanted functions with .other functions 

• Putting certain external prog~amming components on 
chip to save board space 

• Running the 12V regulator from V(lN) instead of V(GT) 
(when V(IN) > 14.SV). 

• Adding "Burp Mode" to increase efficiency at light 
loads 

Please contact Micro Linear for more information on Semi
Standard options for the Ml4862. 

APPLICATIONS 

BUCK REGULATOR INDUCTOR 

Inductors are specified with three main parameters; induc
tance (l), maximum current (lOUT(MAX) ), and DC resistance. 
(Rd 

Inductance for a given set of requirements can be calcu
lated with the following: 

L '" (V. - V ) VOUT 
IN OUT ~N X F x ~I 

Assuming that the desired ripple current: 

~I = 40%(IMAX) 

By choosing the ripple current to be 40% of maximum 
output current (IMAX) , below 20% of IMAX, the inductor 
will actually pull current out of the output capacitor during 

part of the on tiine of the low side MOSFET. The result of 
this current "shuttling" is a slight increase in losses; Buck 
regulator A includes' the ability to disable the synchronous 
rectifier output to avoiq current shuttling, at light loads and 
thereby operate using·conventional rectificatioh . 

To avoid inductor saturation, the maximllm output current 
of the regulator should not exceed 80% of the current 
rating of the inductor, especially when using ferrites, which 
have a "hard" saturation characteristic. Powdered iron 
cores saturate more softly and maythenifore be pushed 
closer to their rated currents. 

DC resistance of the inductor sets up its conduction loss. 
For the same size package DC resistance decreases as 
inductance is decreased. It is a good rule of thumb to 
select the DC resistance of the inductor to be 1/4 of the 
sum of the on resistance of the two output MOSFETs. This 
sets up conduction losses evenly among the power compo
nents. 

V(GT) GENERATION 

A two to one secondary winding from the SV main output 
inductor will provide the gate drive voltage needed for high 
side switching (fig. 2). Because orie end of the winding is 
tied to the input, the secondary voltage will be 10V above 
the input. When specifying the inductor, the maximum 
current rating of the inductor is the sum of the peak main 
output current and turns ratio multiplication of the maxi
mum secondary current onlyif both outputs draw maxi
mum current at the same time. Depending on I(GT) load 
requirements, the inductor current rating may be specified 
for maximum main output current without including the 
secondary current requirement. 

FREQUENCY SELECTION 

Frequency is set by the resistor R(T), which establishes the 
charge current for the internal capacitor. Since the dis
charge current is a constant, the dead time of the oscillator 
is constant. Therefore the maximum duty cycle increases as 
the oscillator frequency decreases. For I.ow input voltage 
applications, a lower switching frequency may be required 
to maintain regulation at minimum input voltage. 

A lower switching frequency may also improve efficiency. 
Losses are comprised of: 

AC losses: 

Inductor Core 
MOSFEi Switching 
MOSFET. Gate Drive Current 

DC losses: 

Inductor 12R 
MOSFET 12ROS(ON) 
Capacitor ESR 

At lower frequency, AC losses are reduced prop~rtionately. 
However the inductor's conduction losses increase for the 
same inductor size since inductance must increase propor
tionately to maintai.nthe 'same amount of ripple current. 
Efficiency can be improved if inductor size is allowed to 
increase to allow more copper in the windings. 
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COMPENSATION 

Proper compensation can be accomplished in many ways. 
The simplest compensation scheme (fig. 3, without Cl) uses 
resistive feedback (Rl) around the error amplifier. This 
reduces the gain of the op-amp which is in the overall 
loop's feedback path. This sets the overall loop gain to 
allow the loop's unity gain crossover to occur after the zero 
created by the ESR of the output capacitor has taken effect. 
This influences the two pole roll off created by the output 
inductor and the output capacitor providing the phase 
margin required to keep the loop stable under all condi
tions. 

Rl/RFl sets the gain (Ay) of the loop. Based on the 
following assumptions a gain of 5 is sufficient for any range 
of input voltages: 

1. Co = 1 OO~F per 500mA of maximum output current. 

2. Inductor ripple current is 40% of maximum output 
current. 

3. Load capacitance (Cl) is not more than output capaci
tance (Co). Load capacitance is capacitance that gets 
switched in and out when loads are switched in and 
out and Co is the permanent output capacitance. 

4. ESR of the total output capacitance is within the limits 
indicated in table 1. Maximum ESR shov.:n is for 
medium input voltage range (9V to 18V). Higher input 
voltage range (12V to 24V) requires lower limits (about 
30%) for the maximum ESR allowed. Lower input 
voltage range (6V to 12V) allows higher (40%) maxi
mum ESR limits. 

5. Table 1 is for 100KHz operation. At lower switching 
frequency maximum ESR must be lower by a linear 
ratio. (i.e. at half the frequency maximum ESR must 
also be half). 

ESR (mQ) 
OUTPUT 

MIN MAX CURRENT (MAX) 

30 175 1 

15 75 2.5 

8 40 5 

Table 1. Recommended ESR Values for 100Khz operation 

Regulation can be greatly improved with a capacitor (Cl) 
placed in series with the feedback resistor. Its value should 
be high enough to be no longer a factor at high frequency. 
C 1 can be calculated as: 

ML4862 

Several of the components in Figure 11 may not be re
quired depending on board layout and desired efficiency. 
V(GT) should not be allowed Lo. go below V(IN) by more 
than 0.5V. 05 can be eliminated if 02 is replaced by a 
Schottky. 04 and 03 are required to avoid negative 
currents from being pulled from the substrate of the IC 
These diodes can be replaced with 1 N4148's on the gates 
of 02 and 04 if a damping resistor is used from the gate to 
the IC 06 and 07 enhance the efficiency of the regulator 
by a small amount (about 1%) by preventing the MOSFET 
body diodes from turning on during the time when both 
halves of the MOSFET bridge are off. The energy which 
would be used for the reverse recovery of these body 
diodes is greatly reduced by using Schottkys. 01 can be 
either a conventional silicon rectifier or Schottky diode 
depending on efficiency vs. cost considerations. 

Resistors R 10 and R 11 are 20mQ resistors which can be 
made with a small length of wire or a PC board trace. 

C15 and C14 may be necessary to overcome the induc
tance in the sense resistor and are typically 0.1 ~F. 

C12 can be implemented using two 1 OO~F tantalum 
capacitors in parallel or a 200~F electrolytic capacitor with 
a 0.1 ~F ceramic in parallel. C13 can be implemented in a 
similar fashion. 

MOSFETs 01'04 should be rated to withstand the rnaxi
mum input voltage. Their on resistance will directly impact 
conduction losses and therefore efficiency. For board 
space considerations, the LittleFoot® series of MOSFETs 
provide a good trade-off between density and RDSON. 

The inductor manufacturers listed above can be reached at: 

Coiltronics 

Sumida Electric 

(305) 781-8900 

(708) 956-0666 

Careful design of the inductor can improve efficiency by 
trading off cost and size. 

DESIGNATOR DESCRIPTION PART NUMBER 

CI4, CIS 0.1 uF, SOY (optional) see text 

Dl 3A, 30Y RECllclER see text 

D2 100mA, SOY (min) RECTIFIER lN4148 

03-D7 SCHOTIKY DIODE lNS8170r 
MBR5130n 

L1 47uH,lA SUMIDA CRD12S 

l2 SOuH,l.SA COllTRONICS 
CTX05-11209-1 

Ql-Q4 N-CHANNEl POWER MOSFET MTDlON05E 

Q5-Q7 N-CHANNEl POWER MOSFET MMDF4N02 

Q8 N-CHANNEl POWER MOSFET 5i9410 

RlO, Rll 0.G2 OHM see text 

Table 2. Circuit Values for typical application (Fig 11). 

LrttleFoot IS a registered trademark of Siliconix Inc. 
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~igure 11. ML4862 Typical Application 
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OUTPUT POWER (W) 
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The efficiency measurements taken for figure 12 were 
measured with 1/3 of the output power delivered by the 
3.3V regulator and 2/3 of the output power delivered the 
SVoutput 

This circuit is available as a demonstration kit Please 
contact your Micro Linear Distributor or Representative for 
availability and price. 

Figure 12. System Efficiency vs. Output Power 
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ORDERING INFORMATION 

PART NUMBER 

ML4862CS 

TEMPERATURE 
RANGE 

ML4862 

PACKAGE 

32-PIN SOIC (S32N) 

Other packages and temperature ranges can be made available on request. Contact your local Micro Linear Representative 
for more information. 
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ML4862EVAl 

Battery Power Controller Evaluation Kit 

GENERAL DESCRIPTION 

The Ml4862EVAL kit provides a convenientv€hicle to 
evaluate the Ml4862 battery power control Ie. It contains 
all of the necessary documentation with the evaluation 
board and key components to quickly evaluate the 
application circuit. The board is designed for a 11 W dual 
output power supply. However power components can be 
selected for higher or lower power applications. 

KIT COMPONENTS 

• User's Guide 

• Ml4862 Datasheet 

• Application Note 

• Ml4862 Sample 

• Evaluation Board 

• Key power semiconductor components 

• SMD power inductors for both 5V and 3.3V outputs 

• "Kool Mu®" toroid for inductor prototyping 

BLOCK DIAGRAM 

ADAPTOR 

BATTERY 

MAIN ON/OFF 

12VON/OFF 

LOAD 1 

LOAD 2 

LOAD 3 

._J-
ML4862 

III 

Kool, Mu is a registered trademark of Magnetics Division, Spang and Company. 

FEATURES 

• Wide Input Range (5.5V to 25V) 

• Dual Outputs (5V at 1.5A and 3.3V at 1A). 

• Efficiency as high as 95%. 

• line and Load Reg better than 5% at all conditions. 

• Output Ripple to under 50mV pk-pk. 

• Complete Short Circuit Protection 

• Flash Memory Program Voltage (12V at 100mA) 

• load switching outputs. 

• Battery connect terminals. 

I 
. 5V BUCK 

REGULATOR 
- I- COMPONENTS 

I 
-

3.3V BUCK 
REGULATOR 

COMPONENTS 

--,.() 

--,.() 

5V(1.5A) 

5V(25mA) 

12V(100mA) 

3.3V(1A) 

5VLOAD 1 

5V LOAD 2 

5V LOAD 3 
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.~Micro Linear 
USICs 

Analog and Mixed Analog/Digital Tile Arrays 

Micro Linear's Tile Arrays can implement a wide ran'ge of 
complex circuit and performance applications. They are 
comprised of active and passive components arranged in 
organized tile patterns on an integrated circuit chip to 
provide maximum flexibility and ease of interconnection. 
After a circuit is designed and simulated, several metal 
patterns are created to connect the ~omponents and 
produce a customized analog USIC. USIC is an acronym 
for User Specific Integrated Circuit. USICs are integrated 
circuits that are specific to a customer or user and are 
commonly referred to as ASICs. 

STANDARD AND SEMI-STANDARD 
PRODUCTS 
The Tile Array methodology forms the foundation of many 
of Micro Linear's state-of-the-art product offerings. A large 
majority of our high volume standard products were 
developed using the same Tile Arrays that are used to 
develop high performance semi-custom solutions for 
customers. Standard products developed on Tile Arrays 
can be easily modified to meet a special need, or to gain a 
functional or performance advantage over a system using 
just standard products. This ability to change a standard 
product to meet a specific customer need is referred to as 
semi-standard products. ' 

PROCESS TECHNOLOGIES 
Micro Linear utilizes many of the latest high performance 
process technologies to build Tile Arrays. The highest 
performance and complexity is obtained with our 
BiCMOS process. This technology combines fast bipolar 
transistors with dense CMOS devices. With NPN cutoff 
frequencies of 4 GHz and channel lengths of 1.51J, this 
process allows the implementation of high complexity and 
high performance semi-custom devices. Poly resistors 
offer stable resistive elements with virtually no parasitics 
as compared to diffused resistors. The poly-metal 
capacitors are also very stable and offer a superior 
alternative over conventional metal-silicon types. The 
FC3500 family of general purpose tile arrays are built with 
the BiCMOS process. 

Two different bipolar technologies are used with distinct 
voltage and speed characteristics. A 12 volt, 1 GHz 
technology and a 36 volt, 300 MHz technology. The 12 
volt process is the higher speed process of the two, 
capable of implementing circuit band-widths up to 100 
MHz. The 36 volt process is useful where higher power 
supply voltage operation is needed. The FB360Q family is 
built with the 12 volt bipolar process and the FB3400 is 
built with the 36 volt process. 

Please refer to the Tile Array Process Technologies and 
Component Performance heading for more information. 

GENERAL PURPOSE TILE ARRAYS 
Micro Linear has three families of general purpose Tile 
Arrays. The arrays are configured with groupings of mini
tiles. Each mini-tile consists of selections of various types 
of active and passive components. Each of the Tile Arrays 
has a different mix and amount of mini-tiles. 

The three families are: 

FC3500 - 5 Volt BiCMOS 
FB3600 - 12 Volt Bipolar 
FB3400 - 36 Volt Bipolar 

The FC3500 family of Tile Arrays, built with 5 volt, 4 
GHz, 1.51J process, is capable of the highest performance' 
and level of complexity. This is primarily due to the small 
size and high cutoff frequency (Ft) of the transistors in this 
technology. The FC3500 general purpose familY,of Tile, 
Arrays is ideal where the circuit needs the high.speed.and 
accuracy of the bipolar transistors along with the dense 
logic, analog switch or FET inputcapability of the CMOS 
devices and operates from a single 5 volt power supply. 

The FB3600 family offers a wide range of general purpose 
Tile Arrays. Ranging from the smallest, the FB3605, which 
can accommodate 4 analog circuit blocks and 28 digital 
gates to the largest pure analog, the FB3630, which can 
accommodate over 20 analog functional circuit blocks. 
The FB3635 can accommodate 9 analog circuit blocks in I 
addition to 130 digital gates. For high current output 
applications the FB3623 has four 0.5A output transistors. 

The FB3400 family is used when the power supply voltage 
in the system is greater than 12 volts. For example, 
common supply voltages of +/- 15 volts would require 
use of the FB3400 family. 

APPLICATION FOCUSED TILE ARRAYS 
Application focused tile arrays are optimized for a given 
application. Areas on the tile arrays are customized to 
implement the common functions required for a given 
application. In this way, higher performance can be 
achieved for these critical circuit blocks., These 
application focused tile arrays still maintain all the 
advantages of the general purpose tile arrays. All the 
individual components are uncommitted until connected 
with the two metal layers used in the final step of the 
wafer manufacturing process. A summary of the currently 
available application focused tile arrays is as follows: 
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USICs 
APPLICATION 

FOCUSED 
. TILE ARRAY APPLICATION AREA 

. "'. .. 

FC3560 Mass Storage Read Channel 

FC3580 tvii~ro Powertohtroller 

FB3680 Electronic Ballastwith Power Factor 
Correction 

FB3651 Local Area NetWork (LAN) Transceiver 

FB3480 . Power Supply Cohtroller 

FB3490 .. ' PWMControlier/Power Factor Correction 

FB3491 Resonant Mode Controller 

FB3492 Phase Modulation Controller 

PACKAGING 

Many types of packaging are available for the Tile Arrays. 
Devices can be assembled, tested and produced inhigh 
volume in dual-in-line (DIP), chip carriers (PLCC, LCC), 
small outline, or gullwing (SOIC), as well' as the latest fine 
pitch, very low profile qU'ad flat packs (QFP, TQFP) and 
very small outline packages (SSOP). Tape and reel format 
shipments are'available for automated assembly 
requirements. Please refer to the package selection guide 
in this seCtion. 

DESIGN METHODOLOGY 

Micro Linear has extensive experience designing and 
produci ng state-of-the-art analog and mixed analog digital 
USICs. The key aspects of our successful methodology 
include: computer simulations with extremely accurate 
component models; in depth design reviews with the 
customer; expert mask layout with computer checking for 
accuracy;·and complete packaging and testing capability. 

COMPUTER SIMULATIONS 

The ~xpected performance ofthe finished'ieis verified 
with computer simulations. Extensive simulations are 
performed with the latest workstation hardware running 
Micro Linear's proprietary SPICE simulator. The 
simulations are performed over the worst case conditions 
of temperature and power supply voltages as well as the 
expected process variations, to ensure a reliable and 
manufacturable device. 

The accuracy of the simulations are strongly dependent on 
the accuracy of the component simulations models. Micro 
Linear device simulation models are derived from 
extensive.charactedzation measurements on finished. 
devices. They are verified by matching the characteristics 
the simulation program predicts versus regularly updated 
measurements from production devices. 

7-2 

DESIGN REVIEWS 

A thorough designreview~an have a significant impact 
on the success of a USIC development. At Mi.;:ro Linear 
detailed design reviews are conducted 'with tne customer 
engineer and. several Miqo LiJ'jear.engineers in 
attendance. All aspects ofthe'design are reviewed 
including systemperfo'rmance, circuitsthematics, 
simulation results, layout plan, test strategies, arid package 
options. Upon completion ofthe review both tbe 
customer and Micro Linear have a high confidence for 
completely functional prototypes. 

USIC DEVELOPMENT PROGRAM 

A brief Sljmmary of the steps involved in developing a 
USIC with Micro Linear are: ". 

1. FORWARD INFORMATION TO MICRO LINEAR 

Customer pro~ides block diagrams, discrete co~ponent 
schematics, and specification requirements on 
prospective USIC to Micro Linear for revi,ew, 

2. TECHNICAL REVIEW AND QUOTE 

Micro Linear reviews the customers block diagram, 
schematics, and specifications and responds with 
technical assessment, costs and development times. 

3, FINALIZE DEVELOPMENT PLAN 

Micro Linear and the customer agree on the 
development plan, 

4. FINALIZE CIRCUIT REQUIREMENTS 

Micro Linear consults closely with the customer to 
completely understand the functional and performance 
requirements. 

5. CIRCUIT DESIGN AND SIMULATION 

Micro Linear performs the circuit and the verification 
, simulations. 

6. DESIGN REVIEW 

Customer participates in a detailed design review with 
Micro Linear engineers. 

7.. MASK LAYOUT 

Micro Linear performs the mask layout for the circuit 
on the chosen array. 

8. INTEGRATION 

Micro Linear performs the integration steps including; 
Mask fabrication, wafer processing, wafer test, 
packaging, and prototype testing. 

9. DELIVER PROTOTYPES 

Micro Linear delivers 'prototypes to the customer. 

10. CUSTOMER EVALUATES PROTOTYPES 
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Semi-standard analog ICs are created by modifying 
existing standard products. Modifications can span all the 
way from a functional circuit change to simple variation in 
the part marking. Examples of the range of possible semi
standard modifications are as follows: 

CIRCUIT MODIFICATIONS 

Modify Functional Blocks 

Change Input/Output levels 

Adjust Gainlfhresholds 

Shift logic levels (ECl, TTL, CMOS) 

Move Current limit Point 

Increase/Reduce Bandwidth 

Improve Power Consumption 

Tweak Charge/Discharge Currents 

OTHER SEMI·STANDARD MODIFICATIONS 

Change Part Marking 

Extend the Temperature Range 

Add Electrical Tests 

Modify the Pinout 

Change the Package 

Circuit modifications are easily made to Micro linear's 
standard products because they are built using our 
proprietary Tile Array technology. Tile Arrays are 
collections of active and passive components arranged in 
a pattern on an integrated circuit chip. Each standard 
product is developed by designing two layers of metal 
interconnect to implement the specific circuit functions 
required for the product. 

SEMI-STANDARD DEVELOPMENT 
A semi-standard circuit can be easily and quickly 
developed from a standard product. The customer need 
only define the functional, performance or physical nature 
of the modifications necessary to the Micro Linear 
standard product to meet his/her system requirements. 
Micro linear will then accomplish the circuit design and 
complete the performance verification simulations. At this 
point a design review is held with the customer to make 
sure all aspects of the development are in accordance 
with the customer requirements. Micro Linear then 
proceeds with making the necessary layout changes, 
manufacturing, testing, and delivering the prototypes. This 
complete development flow is illustrated in Figure A. 

Semi-Standard Products 

STANDARD 
PRODUCT 

CUSTOMER 
MODifiCATION 
SPECifiCATION 

DELIVER 
PROTOTYPES TO 

CUSTOMER 

Figure A. 

RESPONSE TO 
CUSTOMER 

RESPONSE TO 
MICRO LINEAR 
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USICs 
Micro Linear produces standard products using BiCMOS 
and bipolar Tile Arrays and CMOS standard cell 
technologies. The Tile Array technology allows the widest 
range functional and performance modification 

TABLE B 

TECHNOLOGY 

POWER AND MOTION CONTROL 
High Frequency PWM Control BT 
Resonant and Phase Modulation BT 
Power Factor Control BT 
Notebool<!Laptop Power BT 
L.ow Voltage Regulators BC 
Sensorless Motor Control BT 

DATA COMMUNICATIONS 
Fiber Optic LED Drivers BT 
Fiber Optic Quantizer BT 
1 OBase-T Trans: AUJ!MPR BT 
1 OBase-FL Transceivers BT 
10Base-T Physical Interface CS 
High Speed LED Drivers BC 
High Speed Quantizer BC 
AUI-MUX BT 
MLT-3 Transceiver BC 
Token Ring Physical Interface B(j 

ANALOG TELECOM/NCTE 
Signal Equalizers CS 
Gain/Attenuators CS 
Sine Wave Generators CS 
Tone Detectors CS 

HARD DISK DRIVES 
Pulse Detectors BT 
Data Separators BT 
Dedicated Servo Control BT 
Voice Coil Driver BT 
Read Channel Combo BC 
Area Detection Servo BT 
Filter/Equalizer CS 

DATA CONVERSION & FILTERING 
8, 10 & 12 ND Converters CS 
8-Bit D/A Converters CS 
Switched Cap Filter CS 

possibilities. The CMOS standard cell t.echnology,while 
not flexible for functional modifications, can still 
accommodate performance, specification, or physical 
changes. A summary of the types of modifications possible 
for each group of standard products is shown in Table B. 

FUNCTIONAL PERFORMANCE SPECIFICATION OR 
MODIFICATIONS MODIFICATIONS PACKAGING CHANGES 

Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

Limited Limited Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

No Yes Yes 
No Yes Yes 
No Yes Yes 
No Yes Yes 

Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

Limited Limited Yes 

No Limited Yes 
No Limited Yes 
No Limited Yes 

(Technology Code: BT = Bipolar Tile Arrays; BC = BiCMOS Tile Arrays; CS = CMOS Standard Cells) 
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Tile Array Process Technology 
and Component Performance 

Micro Linear currently utilizes three advanced process technologies to manufacture Tile Array 
products. They are: 

FC3500 - 5 volt BiCMOS 
FB3600 - 12 volt Bipolar 
FB3400 - 36 volt Bipolar 

A comparison of some of the key parameters of the process and the components is shown in the 
tables below. NOTE: All numbers are typical. 

PARAMETER FC3500 FB3600 FB3400 

Nominal Operating Voltage 5 volts 12 volts 36 volts 

NPN Cutoff Frequency (fT) 4GHz 1GHz 300M Hz 

PNP Cutoff Frequency (fT) 50MHz 12MHz 5MHz 

NPN Beta - Typical 100 120 140 

PNP Beta - Typical 30 40 40 

Resistor Matching - Best 0.5% 0.5% 2% 

Resistor Matching - Typical 1-3% 2-4% 2-4% 

Primary Resistor Type Poly Diffused Diffused 

CIRCUIT PARAMETER FC3500 FB3600 FB3400 

Amplifier Bandwidth 350MHz 100MHz 30MHz 

Op-Amp Bandwidth 60MHz 20MHz BMHz 

Offset Voltages - Untrimmed ±O.SmV ±lmV ±3mV 

Offset Voltages - Trimmed ±O.lmV ±O.lmV ±O.lmV 

Bipolar ECl Gate Delays 0.6ns 3ns 10ns 

MOS Gate Delays 1ns N/A N/A 

Voltage Reference Accuracy - Trimmed ±O.OS% ±O.OS% ±O.OS% 

'Micro Linear 7-5 

II 



.~Micro Linear 
USICs 

FC3510Generai Purpose BiCMOS Tile Array 
GENERAL DESCRIPTION 

The FC351 0 is one member of a high speed, high 
complexity family of General Purpose Tile Arrays using 
our new 5 volt, 4 GHz BiCMOS technology. These 
BiCMOS Tile Arrays allow high speed, high complexity, 
cost effective circuits to be easily integrated. The Tile 
Array methodology consists of simply designing and 
manufacturing two metal mask layers to implement the 
required circuitry on pre-manufactured base arrays. The 
base arrays contain all of the pre-defined and 
characterized components. 

The BiCMOS process combines a fast 4 GHz analog 
bipolar technology with a dense 1.5fl CMOS digital 
capability. This powerful combination enables a high 
level of integration of mixed analog and digital circuits to 
be achieved on a single silicon device. 

The array consists of different types of mini tiles. Each 
mini tile is a collection of a specific type of component 
such as NPNs, PNPs, NMOS or PMOS transistors, poly 
resistors, MOS capacitors, gates, etc. The FC351 0 
contains approximately 600 active devices and over 
2.5MQ of poly resistance. This array can realize up to 12 
analog functional blocks combined with 22 digital gates. 

FEATURES 

• 5 volt, 4 GHz/1.5fl BiCMOS Technology 

• Ideal for Very High Speed, High Complexity Circuits 

• Can Integrate 12 Analog Circuit Blocks 
with 22 CMOS Gates 

• Fast, Low Risk Circuit Development and Production 
using the Tile Array Technology 

ARRAY SUMMARY 

NPN Transistors 364 

PN P Transistors 96 

NMOS Transistors 68 

PMOS Transistors 68 

Total Poly Resistance 2620K 

Total MOS Capacitance 30pF 

Total Components 1460 

Bond Pads 28 

Die Size (mils) 70 x 88.5 

FC3510 BiCMOS Tile Array 
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FB3600 1ile Array Selection Guide 

Array FB3605 FB3610 FB3620 FB3621 FB3622 FB3623 FB3630 FB3631 FB3635 

Large Large 
Small Small Medium Medium Medium Medium Large Mixed Mixed 
High General General High Power High General Analogi Analogi 

Description Frequency Purpose Purpose Frequency Schottky Power Purpose Digital Digital 

Mini Tile Summary 

T1 General 10 48 64 48 48 64 112 92 36 

T1A General 10 

T2 Specialized 2 6 12 8 12 12 24 12 4 

T2A Specialized 2 

T3 Power 2 4 4 2 4 4 4 2 

T4 low Noise 4 4 4 2 4 

T5 Precision 4 4 8 2 

T6 NPN Intensive 8 8 

T7 High Frequency 12 12 4 12 

T8 Schottky Core 4 

T9 ECllogic 10 22 42 

T10 ECl logic Bias 1 1 

T11 TIL Output 8 4 8 8 

T12 Schottky Peripheral 2 

Tn High Frequency 4 

T14 High Power NPN 4 

T15 Medium Current PNP 4 II 
T16 Power Schottky 14 

T17 General 1 

Array Summary 

Complexity' 
Analog 4 6 12 8 12 12 24 12 9 
Digital 28 62 130 

NPN Transistors 260 178 268 329 276 272 472 690 901 

PNP Transistors 32 78 124 88 108 132 232 154 63 

Schottky Transistors 16 8 14 16 48 

Total Diffused Resistance 240K 288K 425K 495K 432K 425K 768K 850K 818K 

Total Implant Resistance 816K 1563K 2048K 2064K 1920K 2048K 3584K 3928K 3064K 

Total MOS Capacitance 20pF 30pF 60pF 40pF 60pF 60pF 120pF 60pF 40pF 

Total Components 840 742 1092 1508 1370 1360 1944 2806 2805 

Bond Pads 24 24 32 32 28 27 46 44 44 

Die Size (mils) 70 x 110 82 x 102 102 x 115 102 x 115 112 x 125 115 x 122 131 x 150 142 x 156 131 x 150 

* Analog complexity is in one 741 op-amp or two 339 comparator equivalents. 
Digital complexity is in two input NAND gate equivalents. 

(See also Power Supplies Arrays in section 6) 
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Component Performance 
" 

, 

COMPONENT FB3600 FAMilY 

NPN Transistor hFE = 120 
'. .fT" 750MHz 

BVceo = 14V 

NPN large Transistor (FB36i3 Only) hFE = 100 
fT = 750MHz 
BVceo = 14V 
Ie = O.5A 

PNP Substrate Transistor hFE = 60 
fT = 24MHz 
BVceo ,= 25V 

PNP lateral Transistor hFE = 30 
fT = 12MHz 
BVceo = 25V 

Diffused Resistor 2% matching with ±20% absolute value 

Precision Resistors 0.5% matching with ±20% absolute value 

Implant Resistors 4% matching with ±25% absolute value 

MOS Capacitor ±20% absolute value 

,; .. 
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FB3600 Mini Tile Description 

T1 Mini Tile 
The T1 mini tile contains the components that 
constitute the major portion of most analog 
designs. It can implement many common 
building block functions such as current mirrors, 
differential gain stages and level shifters. It is the 
most general-purpose analog building block and 
has the greatest frequency of placement within 
the arrays. 

T1 A Small T1 Mini Tile 
The T1A mini tile is a slightly modified T1 general 
purpose mini tile. It has the same active device 
count but has about half the resistor segments. 
Just like the T1 mini tile this tile is configured to 
implement many of the fundamental circuit 
blocks in integrated circuit design such as current 
mirrors, differential amplifiers and level shifters. 

T2 Mini Tile 
Many analog building blocks, such as op-amps, 
use a T2 mini tile along with multiple T1 mini 
tiles. This mini tile has the second greatest 
frequency of placement within the arrays. The 
MLC3630 is a silicon dioxide capacitor whose 
value can be programmed up to 5pF. This 
capacitor is often used to provide on-chip 
compensation for operational amplifiers. 

T2A Small T2 Mini Tile 
This mini tile is very similar to but smaller than 
the T2 mini tile. This mini tile is typically used in 
conjunction with several T1 mini tiles. 
Operational amplifiers that use an on-chip 
compensation capacitor are built with a T2 or 
T2A and T1 mini tiles. 

T3 Mini Tile 
This mini tile contains two NPN power transistors 
for output stages driving up to 100mA each. 
These mini tiles are located in peripheral 
positions around the chips, in dose proximity to 
the bonding pads. 

T4 Mini Tile 
This mini tile contains two large six emitter low 
noise NPN transistors. These transistors are used 
in circuits which require noise. performance of 
less than 5nV$z. These transistors can also be 
medium capacity power transistors. 

~ 
~I[IJ~ 
~ ~ 

It 
I &1:: I 
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Components 

MLC3600 minimum NPN 
MLC3611 lateral PNP 
MLC3620 7500 base resistor 
MLC3621 4K!l implant resistor 
MLC3622 BKn implant resistor 

MLC3600 minimum NPN 
MLC3611 lateral PNP 
MLC3620 7500 base resistor 

MLC3621 4KO implant resistor 

MLC3601 circular emtter NPN 

MLC3602 three emitter NPN 
MLC3610 minimum vertical PNP 
MLC3612 2X vertical PNP 
MLC3630 5pF MOS capacitor 

MLC3602 three emitter NPN 
MLC3612 2X vertical PNP 
MLC3630 5pF MOS capacitor 

MLC3605 power NPN 

MLC3604 6X low noise NPN 

Qty. 

B 

4 

2 

4 
2 

2 

4 

2 

2 
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T5 Mi.ni Tile 
This mini tile contains six minimum geometry 
NPN transistors and twelve precision resistor links. 
These special resistors have a nominal ohmic 
value of 850n and are matched to within an 
accuracy of 0.5%. It is possible to construct R-2R 
ladders to be used in the core of an 8-bit DAC by 
using two T5 mini tiles. 

T6 Mini Tile 
The T6 mini tile is designed for NPN intensive 
transistor circuit design; ECl logic can be 
implemented with this tile. ' 

T7 Mini Tile' 
This mini tile contains six dual base contact 10mA 
high speed, low noise NPN transistors. Each of 
these small transistors has a son base resistance. 
Two T7 tiles can implement 100MHz cascode 
amplifier or a 60MHz video amplifier. 

T8 Mini Tile 
The T8 mini tile contains a mixture of schottky 
and other components for analog design. The' 
schottky devices are useful for clamping signal 
levels and in certain high speed comparator 
designs. 

T9 Mini Tile 
This mini tile contains one basic ECl logic cell 
which can implement one data latch (with set & 
reset). Two basic ECl logic cells can implement 
one edge triggered D-type flip-flop (with set and 
reset). An alternative usage for one basic ECl ,logic 
cell would be to implement three 2-input ECl 
gates, two 4-input ECl gates or one 8-input ECl 
gate. The actual gate can be a NAND, AND, OR or 
NOR gate. Two of the minimum NPNs have their 
collectors tied to Vce-

T10 Mini Tile 
The TlO mini-tile provides the necessary 
temperature adjusted reference voltages for 
biasing the ECl logic. Unlike analog voltage 
references, ECl logic needs the bias reference to 
vary with temperature. This mini tile has its 
function predefined for most applications. 

Tll Mini Tile 
This mini tile contains components for building an 
output buffer for a TTL or CMOS output stage 
(TTL fanout of 2). The mini tile can convert the 
on-chip ECl logic levels to TIL or CMOS logic 
levels. 

T12 Mini Tile 
The Tl2 mini tile contains additional Schottky 
components for building TIL or CMOS input or 
output buffers. 

=~=~= 1=='I1~1E31~1E3 
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ComponenIs 

MlC3600 minimum NPN 
MlC3625 8500 precision r~sistor 

MlC3600 minimum NPN 
MlC3620 7500 base resistor 
MtC3621 4KO implant resistor 

MlC3600 minimum NPN 
MlC3606 double base NPN 
MlC3620 7500 base resistor 
MlC3621 4KO implant resistor 

MlC3607 minimum schottky 'NPN 
MlC3602 three emitter NPN 
MlC3612 2X vertical PNP 

QIy. 

6 
12 

6 
8 
4 

2 
6 
16 
8 

MlC3608 minimum schottky diode 4 
MlC3630 5pF MOS capacitor 

MlC3600 minimum NPN 
MlC3600A two minimum NPNs 
MlC3600B minimum NPN 
MlC3600C minimum diode 
MlC3620 7500 base resistor 
MlC3621 4KQ implarit resistor 

MlC3600 minimum NPN 
MlC3611 lateral PNP 
MlC3612 2X vertical PNP 
MlC3620 7500 base resistor 
MlC3621 4KO implant resistor 
MlC3630 5pF MOS capacitor 

MlC3600 minimum NPN 
MlC3609 6X schottky NPN 
MlC3613 2X schottky NPN 
MlC3620 7500 base resistor 
MlC3621 4KO implant resistor 
MlC3624 500 emitter resistor 

8 

2 
2 
2 
12 
8 

13 
2 
1 

30 
6 

2 

5 

MLC3607 minimum schottky NPN 2 
MlC3609 6X schottky NPN 2 
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T13 High Frequency Mini Tile Componen1s Qty. 

High frequency circuit design requires specially -- [;]I~ 
1""'1 

designed components. This mini tile contains Ii ~~ 
I~ ~. transistors with low internal base resistance and I~ 

~(!!i!] =-low value, small area base resistors essential for I. 
I~ ~~[i] 

~. 
high frequency circuit design. The low value II ~. MlC3600 minimum NPN 
resistors are critical in high frequency design as -..... ... MlC3601 circular emitter NPN 
load resistors to achieve a practical output swing MLC3606 double base NPN 4 
with the high currents necessary to maximize the MlC3620 7500 base resistor 
bandwidth of the transistors. The small area of MlC3621 4KO implant resistor 4 
these resistors is also very important because it MlC3629 2250 base resistor 6 
minimizes the parasitic capacitance that limits high 
frequency performance. This mini tile contains 
minimum NPN transistors, circular NPN transistors, 
double base NPN transistors, base, implant, and 
small area base resistors. 

T14 High I'ower NPN Mini Tile 

The T14 mini tile contains a high current NPN • power transistor and a damp diode. These devices 
along with the PNP transistors on the T15 mini tile 
can implement a high power output stage with MlC3605A high power NPN (O.5A) 

surge protection. The NPN power transistor can • MlC3609A clamp diode 

handle 0.5 Amps of current. The damp diode is 
connected to protect the large NPN from 
transient surge voltages and currents. 

T15 Medium Current I'NP Mini Tile 

This mini tile has the PNP transistors that work in 
conjunction with the power devices in the T14 
mini tile to implement an output stage. These PNP 
transistors can supply the necessary base drive 

MLC3616 36X lateral PNP current, up to 10 mA, for the large NPN 
transistors. Also on this mini tile is a smaller PNP MlC3615 4X lateral PNP 

that is a scaled version of the large PNP. This PNP 
is typically connected with the larger PNP as a 
current mirror with a gain of nine. 

T16 I'ower Schottky Mini Tile • The T16 mini tile consists of one schottky NPN 
transistor capable of handling 120 mA. This 
schottky device is useful in the design of output 
stages that need to drive high current pulses into 

MLC3631 large Schottky NPN magnetic heads. Switching speed is enhanced 
over a regular power transistor because saturation, 
and the resulting speed degradation, is avoided 
with the schottky transistor. 

T17 General Purpose Mini Tile MlC3600 minimum NPN 4 

The T17 mini tile is used for general purpose I- I~§ MlC3610 minimum vertical PNP 4 

design. It contains minimum NPN and minimum I- I • MlC3621 4KOimpiant resistor 12 

vertical PNP transistors and implant resistors. I- I~OO MlC3622 8KO implant resistor 6 

:: :~§ 
I- I~§ 
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FB3605Smaii High Frequency Tile Array 

GENERAL DESCRIPTION 
The FB3605 is a bipolar analog tile array developed for 
mixed analog and digital applications that require high 
frequency performance. This FB3600 family tile array 
utilizes our proprietary mini tile architecture. The mini 
tile approach combined with our 12 volt, 1 GHz 
technology allows high complexity, high speed circuits 
to be easily integrated. 

FEATURES 
• High frequency operation 
• Small die size - Fits in narrow SOIC Package 
• Mixed Analog and Digital circuitry 
• 5 analog circuit blocks with 28 ECl gates 
• On chip MOS capacitors 
• 12 volt, 1 GHz technology 

High frequency circuits like a 90 MHz voltage 
controlled oscillator or other similar performance 
circuits can be integrated using the FB3605 tile array. 
In addition to this particular circuit block the array can 
also contain 4 full function op amps (741 type) as well 
as 28 gates of ECl logic and 8 digital output buffers 
capable of interfacing to ECl, TIL, or CMOS. 

ARRAY SUMMARY MINI TILE SUMMARY 

A new high frequency mini tile was designed for this 
array. This mini tile contains 4 double base, high 
frequency NPNs and 6 low value (225 ohm) base 
resistors along with other NPNs and resistors. The 
double base NPNs and the low value base resistors are 
the key to implementing high frequency circuits. 

The FB3605 is the smallest of the FB3600 family of 
arrays. The small die, 70 by 110 mils, allows it to fit into 
a very small package. The FB3605 can be assembled in 
a 0.15 inch wide SOIC package for minimum board 
space. 

NPN Transistors 

PNP Transistors 

Schottky Transistors 

Total Diffused 
Resistance 

Total Implant 
Resistance 

Total MOS 
Capacitance 

Total Components 

Bond Pads 

Die Size (mils) 

FB3605 - Small High Frequency Tile Array 
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260 T1 General 10 

32 T1A Small T1 10 

16 T2 Specialized 2 

240 K T2A Small T2 2 

T3 Power 2 
816 K T9 ECl 10 

20 pF T11 TTL Outpui 8 

T13 High Frequency 4 

840 

24 

70 x 110 
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FB3610, FB3620, FB3630 General Purpose Tile Arrays 

GENERAL DESCRIPTION FEATURES 
• High complexity and high performance The FB3610, FB3620, and FB3630 are general purpose 

analog tile arrays capable of implementing a wide 
range of circuit functions. These FB3600 family arrays 
use our proprietary mini-tile architecture. The mini-tile 
approach combined with our 12-volt, 1 GHz 
technology allows high complexity, high speed circuits 
to be easily integrated. 

• Operates with supplies up to 12 volts, ±10% 

Each of these general purpose arrays have the same 
basic structure. The difference is in the number of 
mini-tiles and therefore the number of total 
components available on each array. The different 
arrays can incorporate differing levels of circuit 
complexities. The FB3610 is the smallest and able to 
contain approximately six full function operational 
amplifiers or twelve comparators. The largest general 
purpose array, the FB3630, can incorporate 24 
operational amplifiers or as many as 48 comparators. 

Both the FB3620 and FB3630 contain precision resistor 
mini-tiles which allows precision circuits to be 
integrated on these arrays. The typical resistor match 
of 0.5% enables an 8-bit DAC to be implemented. All 
three of these arrays also contain low noise and power 
devices. The low noise transistors allow circuits with 
less than SnV/y'Hz input referred noise to be realized. 
The power transistors can supply up to 100mA each 
and can be paralleled for higher currents. Other FB3600 
arrays can achieve up to 2 amps. 

High performance circuits can be implemented on 
these arrays. Amplifiers with bandwidths up to 70 MHz 
and voltage controlled oscillators up to 50 MHz can be 
implemented on the FB3610, FB3620 or FB3630 arrays. 
Higher frequency performance can be achieved on 
other FB3600 family tile arrays. 

FB3610 FB3620 

• Flexible mini-tile architecture 
• Precision and high current components 
• 12 volt, 1 GHz technology 

ARRAY SUMMARY 

FB361 0 FB3620 

NPN Transistors 178 268 

PNP Transistors 78 124 

Total Diffused Resistance 288K 425K 

Total Implant Resistance 1563K 2048K 

Total MOS Capacitance 30pF 60pF 

Total Components 742 1092 

Bond Pads 24 32 

Die Size (mils) 82 x 102 102 x 115 

MINI-TILE SUMMARY 

FB3610 FB3620 

T1 General 48 64 

T2 Specialized 12 

T3 Power 4 4 

T4 Low Noise 4 4 

T5 Precision 4 

FB3630 

'Micro Linear 

FB3630 

472 

232 

768K 

3584K 

120pF 

1944 

46 

131 x 150 

FB3630 

112 

24 

4 

4 

8 
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FB3621 Medium High Frequency ·Tile Array 

GENERAL DESCRIPTION 
The FB3621 array is ideal for applications that have 
high frequency and low noise requirements. This 
FB3600 family tile array utilizes our proprietary mini-tile 
architecture. The mini tile approach combined with 
our 12-volt, 1 GHz technology allows high complexity, 
high speed circuits to be easily integrated. 

High frequency and low noise circuits require 
transistors with low parasitic base resistance. This array 
contains a large number of transistors with dual base 
contacts and therefore low base resistance. In addition 
to these high frequency/low noise NPNs the array has 
a high percentage of regular NPN devices. The high 
overall number of NPN transistors enables a large 
number of high frequency circuit blocks to be 
implemented. ECl logic, which uses mostly NPN 
devices, can also be integrated on this array. 

Typical types of circuit functions that cari be 
implemented on the FB3621 array are 100 MHz 
cascode amplifiers, VCOs, wideband/low noise 
amplifiers, and high speed comparators (T D < 5ns). 

FEATURES 
• High frequency operation 
• low noise circuits 
• On-chip MOS capacitors 
• 12 volt, 1 GHz technology 

ARRAY SUMMARY 
NPN Transistors 329 

PNP Transistors 88 

Schottky Transistors 8 

Total Diffused 495K 
Resistance 

Total Implant 2064K 
Resistance 

Total MOS 40pF 
Capacitance 

Total- Components 1508 

Bond Pads 32 

Die Size (mils) 102 x 115 

FB3621 - Medium High Frequency Tile Array 
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MINI TILE SUMMARY 
Tl General 48 

T2 Specialized 8 

T3 Power 2 

T4 Low Noise 4 

T6 NPN Intensive 8 

T7 High Frequency 12 

Tl1 TIL Output 4 



'Micro Linear USICs 
FB3622 Medium Power Schottky Tile Array 

GENERAL DESCRIPTION 
The FB3622 is a bipolar analog tile array developed for 
applications that require fast high current outputs. This 
FB3600 family tile array utilizes our proprietary mini tile 
architecture. The mini tile approach combined with 
our 12 volt, 1 GHz technology allows high complexity, 
high speed circuits to be easily integrated. 

FEATURES 
• 14 power schottky NPN transistors 
• Design complexities of 18 functional blocks 
• Precision and high frequency mini tiles 
• On chip MOS capacitors 
• 12 volt, 1 GHz technology 

Around the perimeter of the die are fourteen large 
schottky NPN power transistors. These power 
transistors, capable of handling over 100 mA each, 
make this array ideal for applications which call for 
driving inductive loads with high currents such as 
magnetic write heads. Twelve high frequency tiles 
expand the capabilities of this array. These high 
frequency tiles allow high frequency circuit blocks to 
be included on this array. 

ARRAY SUMMARY MINI TILE SUMMARY 

This array can accommodate eighteen functional 
blocks of the approximate complexity of a 324 
operational amplifier. 

NPN Transistors 

PNP Transistors 

Schottky Transistors 

Total Diffused 
Resistance 

Total Implant 
Resistance 

Total MOS 
Capacitance 

Total Components 

Bond Pads 

Die Size (mils) 

276 

108 

14 

432 K 

1920 K 

60 pF 

1370 

28 

112 x 125 

I ••• _il •••• _. 
I • • I I 
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FB3622 - Medium Power Schottky TIle Array 

'Micro Linear 

T1 General 48 

T2 Specialized 12 

T7 High Frequency 12 

T16 Power Schottky 14 
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.. Micro Linear USICs 
FB3623 Medium High Power Tile Array 

GENERAL DESCRIPTION 
The FB3623 is a bipolar analog tile array capable of 
handling up to 2 amps-of current. This FB3600 family 
tile array utilizes our proprietary mini tile architecture. 
The mini tile approach combined with our 12 volt, 
1 GHz technology allows high complexity, high speed 
circuits to be easily integrated. 

FEATURES 
• High Current Capability - up to 2 A 
• Mixed High Power and low level Circuits 
• High complexity with High Performance 
• On chip MOS capacitors 
• 12 volt, 1 GHz technology 

The array has two distinct sections, one with the 
power output devices and the other for general 
purpose circuits. The general purpose section, the 
larger area, is configured for circuits that can be 
designed using the various types of mini tiles. Op 
Amps, comparators, video amplifiers, voltage controlled 
oscillators, analog multiplexers, and mixers, are some 
examples of the types of circuit functions that can be 
realized using these mini tiles. 

ARRAY SUMMARY MINI TILE SUMMARY 

The other section of the array has components 
designed for high current output stages. Consisting 
primarily of four 0.5 A power NPNs, four 10 rnA lateral 
PNPs, and four high current clamp diodes, this area 
can integrate output stages with a wide variety of 
configurations such as a four by 0.5A, two by 1 A, Or 1 
by 2 A for examples. The clamp diodes protect the 
output transistors from spurious transient signals on 
the output. 

The two sections are separated by a diffused region 
which minimizes any coupling from the output 
transistor section back in!@: the rest of the circuit 
which might cause problems due to high gain or low: 
signal levels. 

,,". 

NPN Transistors 

PNP Transistors 

Total Diffused 
Resistance 

Total Implant 
Resistance 

Total MOS 
Capacitance 

Total Components 

Bond Pads 

Die Size (mils) 

272 

132 

425 K 

2048 K 

60 pF 

1360 

27 

115 x 122 

III 

• -I .' • :1 --III 
II! 
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FB3623 - Medium High Power Tile Array 
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T1 General 64 

T2 Specialized 12 

T3 Power 4 

T4 low Noise 2 

T5 Precision 4 

T14 High Power NPN. 4 

T15 High Power PNP 4 



'Micro Linear USICs 
FB3631 Large Mixed Analog Digital Tile Array 

GENERAL DESCRIPTION 
The FB3631 tile array was developed for mixed analog 
digital applications. This FB3600 family tile array utilizes 
our proprietary mini tile architecture. The mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity, high speed mixed 
signal circuits to be easily integrated. 

FEATURES 
• Mixed Analog and Digital Circuitry 
• 15 Analog circuit blocks with 66 ECL Gates 
• 2800 Components, 44 Bond Pads 
• On chip MOS Capacitors 
• 12 volt, 1 GHz technology 

This array is optimized for high complexity analog with 
a moderate amount of digital circuitry. For example, . 
twelve 324 style operational amplifiers, sixty-six gates of 
logic, eight digital output buffers, and 3 other circiJit 
blocks can all be implemented on a FB3631 tile array. 

ARRAY SUMMARY MINI TILE SUMMARY 

Our 1 GHz bipolar process allows us to achieve high 
performance circuits on our FB3600 tile arrays. 
Amplifiers with a bandwidth of 100 MHz and digital 
ECl gates with delays of 2 ns can be implemented on 
Micro Linear tile arrays. 

NPN Transistors 

PNP Transistors 

Schottky Transistors 

Total Diffused 
Resistance 

Total Implant 
Resistance 

Total MOS 
Capacitance 

Total Components 

Bond Pads 

Die Size (mils) 

690 

154 

16 

850 K 

3928 K 

60 pf 

2806 

44 

142 x 156 

FB3631 - ;Large Mixed Analog Digital Tile Array 

'Micro Linear 

T1 General 92 

T2 Specialized 12 

T3 Power 4 

T7 High frequency 4 

T9 ECl 22 

T10 ECl Bias 

T11 TTL Output 8 

T17 General 

7-17 

I 



.. Micro Linear USICs 
FB3&35 Analog and Digital Tile Array 

GENERAL DESCRIPTION 
The FB3635 offers both analog and digital circuit design on a' 
single tile array. The top half of the FB3635 contains' 
components for anal08 circuit desi8n. The bottom half of the 
array contains npn components for digital design. 

The analog section can implement eight lM324 type op 
amps or twelve lM339 type comparators. Many comparator 
applications can use a: comparator with npn'transistors in the 
input stage. In this case, the analog section of the array can 
be filled with eighteen comparators. Atwo quadrant analog 
multiplier, AGC circuit, analog multiplexer (switchl, video 
amplifier or a MC1496 type modulator Idemodulator can also 
be implemented. Each of these functions requires roughly the 
same number of components as one op amp. In addition, the 
array can also implement one 8-bit DAC, four lOOMHz cas
code amplifiers and a voltage reference. 

The digital section of the FB3635 contains forty two digital 
logic cells. Each digital logic cell can implement a one bit 
latch (with set and resetl, or three NAND gates. Two digital 
logic cells can implement an edge triggered D type flip-flop 

FEATURES 
• Mixed analog and digital tile array 
• Analog section 

npn ft 720MHz 
pnpft 25MHz 
Eight 5 pI' MaS capacitors 
Operates up to 12 V ± 10% 

• Digital section 
132 NAND gates or 42 latches 
2 ns gate propagation delay 
ECl logic using a single +5 volt supply 
TTL, ECl, and CMOS compatibility 

with set and reset. All logic functions are implemented using 
ECl logic. This provides for 2 nanosecond gate propagation 
delays and flip-flop toggle rates of OOMHz: The logic area can 
be powered off of a single 5 V supply. On-chip logic level 
converters can convert the arrays ECl logic levels to standard 
TTL, CMOS or ECl iogic levels. 

FB3635 Tile Array 
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FB3400 lile Array Selection Guide 

FB3400 Family (±18V or up to 36V supply operation) 

Array FB3410 FB3420 FB3430 

Description Small General Purpose Medium General Purpose Large General Purpose 

Mini Tile Summary 

T1 General Purpose 16 32 44 

T2 Special Devices 4 12 16 

T3 Power Devices 4 4 4 

T4 Low Noise Devices 0 4 0 

T5 Precision Resistors 0 2 3 

Array Summary 

Complexity' 4 12 16 

NPN Transistors 132 296 394 

PNP Transistors 52 124 168 

Total Diffused Resistance 176K 384K 538K 

Total Implant Resistance 1600K 3200K 4400K 
.. 

Total MOS Capacitance 40pF 120pF 160pF 

Total Components 524 1132 1500 

Bond Pads 32 46 66 

• Analog complexity is in one 741 op amp or two 339· comparator equivalents. Digital co·mplexity is in two input NAND gate equivalents. 

Component Performance (under typical operating conditions) 

COMPONENT FB3400 FAMILY 

NPN Transistor hFE = 120 I 
fT = 300MHz 
BVceo = 40V 

NPN Large Transistor (FB3623 Only) 

PNP Substrate Transistor hFE = 60 
fT = 20MHz 
BVceo = 45V 

PNP Lateral Transistor hFE = 30 
fT = 3MHz 
BVceo = 45V 

Diffused Resistor 2% matching with ±20% absolute value 

Precision Resistors 0.5% matching with ±20% absolute value 

Implant Resistors 4% matching with ±25'10 absolute value 

MOS Capacitor ±20% absolute value 
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FB3400 Mini Tile Description 

T1 Mini Tile 

This is a general-purpose analog tile. It can implement 
many co~mon builqing block fundions,s~ch as 
current mirrors, differential gain stages and level 
shifters. A Tl tile contains seven small geometry NPNs 
(ft 300MHz), two quad collector PNPs (ft 4MHz), eleven 
1 kO resistors, and ten 10kO resistors. 

T2 . Mini Tile 

The T2 tile contains a collection of specialized 
components. Many analog building blocks, such as op
amps, use a Tl tile and a T2 tile. The T2 tiles contain 
two medium size low noise NPN transistors, four small 
substrate PNPs (ft 8MHz), one large substrate PNP (ft 
8M Hz), one triple emitter NPN, and a MOS capacitor 
whose value can be programmed up to lOpE 

T3 Mini Tile 

The T3 file contains two NPN power transistors for 
output stages driving up to 100mA each. These tiles 
are situated in peripheral positions around the chips, 
in close proximity to the bonding pads. 

T4 Mini Tile 

The T4 tile contains two low-noise NPN transistors 
which are used in circuits requiring low noise 
performance. 

T5 Mini Tile 

This mini tile contains ten minimum geometry NPN 
transistors and eighteen precision resistor links. These 
special resistors have a nominal ohmic value of 9000 
and are matched to within an accuracy of 0.5%. It is 
possible to construct R-2R.ladders used in the core of 
an 8-bit DAC by using 24 resistors. 

I 
I 
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GENERAL DESCRIPTION 
The FB3400 family has been designed to utilize the traditional 
analog ±15V signal swings and power supply rails. A single 
power supply of up to 36 V or split power supplies of up to 
± 18 V can be utilized. Significant board space and cost sav
ings are possible with the FB3400 family of analog tile arrays. 

A single FB3400 Analog ASIC can typically replace ten to 
twenty standard analog building block components. In addi
tion, many of the active and passive components surround
ing the discrete building blocks can be incorporated on-chip. 

The FB3400 family utilizes Micro Linear's new mini-tile archi
tecture concept. The FB3400 family uses five different mini
tiles. One or more mini-tiles can be combined to implement 
functional blocks such as op-amps, comparators, voltage 
references, video amplifiers, transconductance amplifiers, 
modulators, demodulators, RS-232, RS-432, RS-422, V.35 
drivers & receivers, DJ A and pulse width modulation circuits. 

USICs 
FB3410, FB3420, FB3430 

General Purpose Tile Arrays 

FEATURES 
• Optimized for up to 36 V operation 
• High Component Density, dual layer metal process 
• 300MHz array technology 
• Three high performance family members 
• Design complexities of up to 16 op-amps 
• On-chip precision resistors and compensation 

capacitors . 

GENERAL PURPOSE ANALOG ARRAYS 

FB3410 FB3420 
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FC3560 Read Channel Tile Array 
GENERAL DESCRIPTION 

The FC3560 is an application focused tile array targeted 
specifically for mass storage applications. This Tile Array 
can implement all of the functions required in a high 
performance read channel. 

The array consists bf optimized circuit blocks for the 
following functions: a pulse detector, servo demodulator, 
data separator, frequency synthesizer, write pre
compensation, two crystal oscillators, bandgap reference, 
as well as 8QO gates of uncommitted logic The logic can 
be used to implement an encoder/decoder function, 
address mark generation/detection, or M & N dividers. 

Typical performance of circuit blocks integrated on the 
FC3560 Tile Array is shown in the Tile Array summary 
below. 

Although very specialized, the FC3560 maintains a high 
degree of flexibility. All of the components are 
uncommitted until connected with two layers of metal at 
the final step of the production process. The performance 
or function of the individual circuit functions can be 
modified or the architecture chosen to achieve an 
optimum read channel system. 

The FC3560 is fabricated using our advanced BiCMOS 
technology. This 4GHz, l.5jJ process combines the 
advantages of high speed bipolar with dense CMOS. 

FEATURES 

• Application Focused Tile Array 

• Optimized for Mass Storage Read Channel Functions 

• Flexibility at the Functional Block and 
Component Level 

• Advanced 4 GHz, 1.5jJ BiCMOS process 

ARRAY SUMMARY 

Pulse Detector ±0.5ns Pulse Pairing 

Servo Demodulator 4 Channels 

Data Separator 36 Mbits/s 

Frequency Synthesizer VCO and Charge Pump 

Write Pre-Compensation 2 to 20ns 

Crystal Oscillators (2) 36 MHz 

Bandgap Reference For Servo Reference 

Uncommitted Logic Gates 800 

Bond Pads 58 

Die Size (mils) 134 x 1.42 

FC3560 Read Channel Tile Array 
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FB3651 IAN Transceiver Array 

GENERAL DESCRIPTION 
The FB3651 is an application focused tile array 
intended for local area network transceiver 
applications. This array was developed using Micro 
linear's proprietary mini tile architecture. This mini tile 
approach combined with our 12 volt, 1 GHz 
technology allows high complexity and high speed, 
cost effective LAN Transceiver circuits to be easily 
integrated. 

The array consists of two distinct sections each with 
different component groupings, the first section, 
situated mostly in the middle of the array, contains 
custom cells to implement timer functions. These 
custom cells can implement up to nine timers with 
outputs that span from milliseconds up to 112 second 
with no external components. The long times are 
accomplished by generating very small yet stable 
currents that charge on chip capacitors. The remainder 
of the die area has general purpose mini-tiles for the 
other analog and digital circuit functions common to 
LAN transceiver applications. 

The design of the FB3651 LAN Transceiver array is 
optimized for the circuit building blocks required to 
implement the function of a local area network 
transceiver. Examples of the types of circuits possible 
are: high speed transmitters and receivers, transmit and 
receive squelch, oscillators, diagnostic and fault 
protection circuits, LED drivers, and other similar type 
circuits. 

This very high complexity array can realize up to 12 
analog functional blocks, 6 high frequency/digital 
blocks, and 150 digital gates, in addition to the nine 
timer functions. 

FEATURES 
• Array optimized for local area network transceivers 
• Nine independent timer functions possible for 

deadman, squelch, and diagnostic functions 
(1-500ms) 

• Can implement q highly symmetrical current driven 
transmitter for low RFI noise and low jitter 

• 18 analog circuit blocks with 150 ECL gates 
• 12 volt, 1 GHz technology 

ARRAY SUMMARY 

NPN Transistors 1424 

PNP Transistors 152 

Schottky Transistors 20 

Total Diffused 1020K 
Resistance 

Total Implant 5432K 
Resistance 

Total MOS 310pF 
Capacitance 

Total Components 4242 

Bond Pads 50 

MINI TILE SUMMARY 

T1 General 

T2 Specialized 

T7 High Frequency 

T9 ECllogic 

T12 Schottky Peripheral 

T13 High Frequency 

Timer Cells 

Timer Bias 

III -• • ~. 
iii! 

• • • 
fill • • 

58 

6 

17 

50 

10 

3 

9 

FB3651 - LAN Transceiver Array 
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FC3580 Micro Power Controller Tile Array 
GENERAL DESCRIPTION 

The FC3580 is an application focused tile array optimized 
for battery powered controller applicatiqns. This Tile Array 
can implement all of the functions required for a DC to 
DC convertor for 1 to 3 cell battery powered systems. 
Examples of other configurations are, various boost buck 
regulators, MOSFET drivers, loud speaker drivers, or 
power amplifier applications, etc. 

A synchronous rectifying boost regulator capable of 
running with input voltages as low as 1 V and efficiencies 
greater than 90% can be implemented on the FC3580. 

The FC3580 is fabricated using our advanced BiCMOS 
technology. This 4GHz, 1.5fl process combines the 
advantages of high speed bipolar with dense CMOS. The 
bipolar devices can be used for high bandwidth, low 
offset and low noise amplifiers while the CMOS devices 
can be used for dense digital low power logic as well as 
for analog switches, the front ends of FET amplifiers, or 
power FETs. CMOS devices allow the design of power 
output stages that can swing rail to rail. 

Some of the speciali,led components on the this array 
include; very low Ros ON (0.2 N-Channel, 0.5 
P-Channel) CMOS output transistors, high quality poly 
resistors, stable poly-oxide capacitors, and a large amount 
of total resistance (> 16M ohms) for low power designs. 

The small die size enables the FC3580 to fit in narrow 
(0.15") body SOIC packages. 

FEATURES 

• Application Focused Tile Array 

• Ideal for Battery Powered Applications 

• High Efficiency Down to 1 V InputS 

• Rail to Rail Output Swings Possible 

• Advanced 4 GHz, 1.5fl BICMOS Process 

ARRAY SUMMARY 

N PN Transistors 152 

PNP Transistors 152 

NMOS Transistors 42 

PMOS Transistors 42 

Total Poly Resistance 3300K 

Total Other Resistance 13.4M 

Total MaS Capacitance 77pF. 

Total Components 836 

Bond Pads 29 

Die Size (mils) 70 x 110 

FC3580 Micro Power Controller Tile Array 
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FB3680 Electronic Ballast and Power Factor Tile Array 

GENERAL DESCRIPTION 

The FB3680 is an application focused tile array optimized 
for electronic ballast controller applications. This Tile 
Array can implement all of the functions required for a 
high efficiency low distortion, power factor corrected 
dimmable ballast controller. 

A ballast controller with a 0.99 power factor and greater 
than 95% efficiency can be implemented on the FB3680. 

Certain areas on the the FB3680 are customized for the 
specific circuit blocks required in power factor corrected 
ballast applications. These circuit blocks include: a 1 % 
voltage reference, three fast, high current (SOns, 200mA) 
totem pole outputs, oscillator, under voltage lockout, 
thermal shutdown, voltage to current convertor, timer, 
multipler, shunt regulator, fault protection, three op-amps. 
(3MHz GBW), plus eight comparators and uncommited 
gates of RTL logic. In total the FB3680 can implement 14 
analog circuit blocks plus logic. 

Although optimized for these circuit blocks, the FB3680 
still maintains complete flexibility. Each component 
remains uncommited until connected with the two layers 
of metal interconnect at the final step of the wafer 
manufacturing process. This allows the FB3680 to used for 
a wide variety of circuit functions beyond the ones 
identified above. 

The FB3680 is fabricated using our 12 volt, 1 GHz bipolar 
technology. 

FEATURES 

• Application Focused Tile Array 

• Optimized for Dimming Electronic Ballast with Power 
Factor Correction Applications 

• Can Implement a 0.99 Power Factor with 
95% Efficiency 

• All Components Uncommited - Connected with Two 
Metal Interconnect Layers 

• 12 Volt, 1 GHz, Bipolar Technology 

ARRAY SUMMARY 

NPN Transistors 368 

PNP Transistors 207 

Power NPN Transistors 12 

Total Base Resistance 470K 

Total Implant Resistance 2.3M 

Total MOS Capacitance 50pF 

Total Components 1740 

Bond Pads 22 

Die Size (mils) ,109 x 140 

FB3680 Ballstand Power Factor Tile Array 
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September 1989 

PRELIMINARY 

USICs 
·FB3480 Power Supply Controller Array 

. .-. .' .... . 

GENERAL DESCRIPTION 
The FB3480 Power Supply Controller Array is a new 
contept in Switch Mode Power Supply Controller 
(SMPS) technology. This Array is the first tonfigurable 
bipolar array specifically designed for SMPS 
applications. The FB3480 is optimized for high 
performance and low design cost and time, since most 
of the commonly used SMPS functions have been pre-
designed and characterized. . 

With the FB3480 a power supply designer can select 
his own unique controller topology and features 
without the need for external components. This 
fleXibility allows compact PC board layout, minimizing 
interference from induced RFI/EMI, and enhancing 
high frequency performance. 

The FB3480 contains all of the elements found in most 
SMPS controllers in addition to areas of uncommitted 
circuitry on the Array which can be configured for 
unique applications. The core of the array is similar in 
performance to the UC182S controller and consists of 
an oscillator, precision voltage reference, error 
amplifier and two totem pole high current output 
stages, which are specifically optimized for high 
performance at high frequency. These cells can be 
connected with other available circuitry on the chip to 
form a complete SMPS controller. The "uncommitted" 

BLOCK DIAGRAM 

sections of the array can. be configured into . 
comparators, logic, and other fum;tions, to implement 
a complete control. In addition, closely matched 
resistors are available to precisely control thresholds 
and gain settings on the chip. 

The FB3480 array .is used to make several state of the 
art standard products, including the Ml482S and 
Ml4809. Cells from these and future Micro linear 
FB3480 based standard products can be made available 
for customer designs. 

FEATURES 
• Practical operation to Switching Speeds above 

1 MHz: 
• Precision Bandgap Reference .................. ±.1% 
• 2 A peak push-pull output stages for high speed 

drive of power MOSFETs 
• Fast comparator to output response time· .. <SOns 
• Available in DIP or PlCC . 
• Mil-Temp available 
• Additional user-definable logic, comparators and 

other Circuitry available on chip 
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CI RCU IT CAPACITY 
The FB3480 consists of pre-configured optimized 
functional cells which are commonly found in SMPS 
controllers. In addition the FB3480 has additional 
transistors and resistors available for user configuration. 
The Array topology is optimized to implement a full 
featured high performance SMPS controller utilizing 
both the "Dedicated Resources" (oscillator, error amp, 
reference and power output) and additional fully 
configurable resistors and transistors. 

ML4825 

Component Used 

NPN Current Sink 20 

NPN Transistors 27 

Dual Emitter NPN 6 

NPN Follower (1 Emitter) 0 

NPN Follower (2 Emitter) 10 

Low Voltage 4 Collector PNP 3 

High Voltage 4 Collector PNP 2 

PNP Current Source 3 

Zeners (NPN Diodes) 2 

2 A NPN Transistors 4 

Implanted Resistors 37 

Base Resistor 3 

Bondable Pads 16 

DEDICATED RESOURCES 
The table below lists the dedicated functions which are 
available on the FB3480. Each of these blocks is 
described in more detail beginning on page 4. 

FB3480 

The FB3480 can be configured to fully implement the 
ML4825 improved pin compatible replacement for the 
popular UC1825 controller arid still have resources on 
chip for additional functions. 

The table below lists uncommitted resources which are 
still available after implementing the following 
controller designs completely. 

The FB3480's unused elements can be configured into: 

ML4823 FB3480 

Unused Used Unused Total 

9 15 14 29 

29 21 35 56 

8 3 11 14 

8 0 8 8 

7 7 10 17 

8 3 8 11 

2 2 2 4 

3 2 4 6 

4 0 6 6 

0 2 2 4 

18 29 26 55 

5 3 5 8 

12 16 12 28 

REF # Description Count 

OSC1 1.5 MHz. FMAJ( R-C Oscillator 1 

REF1 5.1 V Precision Reference 1 

PWR1 2 A Peak Push-Pull Totem Pole 2 
Output Buffer 

EA1 5.5 MHz Bandwidth, 12VljlS Slew 1 
Rate Error Amp 

UV1 Under-Voltage Lockout Circuit 1 
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FB3480 

UNCOMMITIED RESOURCES 
The FB3480indudes a large number of transistors and 
resistors which are used to make up the circuit 
functions or "cells" which are available for· design and 

listed beginning on page 8. The table below lists how 
many of these components are available and their 
typical performance characteristics. 

TYPICAL PERFORMANCE CHARACTERISTICS OF UNCOMMITTED RESOURCES 
Transistors 

. f3@ f3@ 1(/l/2) 
Ref # Description 100 pA 1 rnA (Note 1) VCEO VC80 Fr (MHz) Count 

TNl NPN low Voltage 100 20 12 25 450 55 

TN3 NPN Power (100 mAl 100 60 45 55 450 1 

TN4 Dual Emitter NPN 100 20 45 55 450 10 

TN5 NPN Emitter Follower 100 20 12 25 450 8 

TN6 NPN· Dual Emitter Follower 100 20 12 25 450 17 

TN7 NPN Current Sinks 100 20 12 25 450 29 

TP1 lateral low V PNP 30 1 15 25 4 8 

TP2 lateral High V PNP 30 1 45 45 4 3 

TP3 Substrate PNP 60 1 45 45 20 1 

Description VREVERSE IFORWARD (rnA) 

NPN Diode 6.8 2 

Resistors 

Ref # Type Value 10ierance Ratio Matching Count 

RBl Base 2Kn 20% 0.5% 6 

Rll Implant 2Kn 20% 1.0% 29 

RI2 Implant 8Kn 20% 1.0% 8 

R13 Implant 30m 20% 3.0% 5 

Note 1: This column indicates the useful current handling capability of the transistor and is defined as the current at which the fJ is down to 
112 of its nominal (1001'A for PNP and 1mA for NPN) value. 

Transistors TP1, TP2, and TP3, are constructed with 
four separate collectors and can be used as current 
sources as shown below. TN7 is a special NPN 
transistor which includes a 200n resistor cell and is 
intended to be used as a current sink in conjunction 
with the on chip bias reference generator. 

:VBIAS OUT 

I 200 

Current Sources CPl and CP3 are examples of current 
sources which can be constructed with the PNP 
transistors. CP1 is a basic biasing current source, 
where the 3 output currents are equal to the input 
current. CP3 has an additional circuit to cancel the 
base current error and is more accurate and linear. 

1 

L 

1--------, 
I +v 1 

1 

.J 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ....................................... 36V 
Output Current, Source or Sink (power Outputs) 

DC .................................................. O.SA 
Pulse (0.5 pS) ....................................... 2.0A 

Input Voltage (logic, comparators etc.) ..... -O.3V to 6V 
Error Amplifier Output Current ..................... SmA 
Oscillator Charging Current ....................... -SmA 
Junction Temperature .............................. 150°C 
Storage Temperature Range ........... -65°C to +1S0°C 
lead Temperature (Soldering 10 sec.) ............ +260°C 

FB3480 CORE CELL DESCRIPTIONS 
Oscillator 
The FB3480 oscillator charges the external capacitor 
(CT) with a current (lSET) equal to V(1)/RT' When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 

r-- ----- ..... ------1 
OSC1 I 

5.1V 
3V 

I 
I _ _ 
L... _ -___________ - __ I 

FB3480 

OPERATING TEMPERATURE RANGE 
Plastic Packages (pCC or DIP) .•......... -40°C to +8SoC 
Ceramic Packages ...................... -55°C to +12SoC 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is 'not 
implied. 

to the lower threshold. While the capacitor is 
discharging, a high pulse is provided on (3). 

Several configurations are available for the FB3480 
oscillator: 

1. Basic Ml482S oscillator: A fixed discharge time is 
provided by saturating a transistor for IDIS. This 
discharge current is approximately 10 mA. Charge 
time is fixed since pin 4 is set to 3V by the internal 
resistor divider at node A. 

2. Controlled Discharge: IDis is equal to: 

16 x V(pin 5) 

RDT 

3. Voltage Controlled Oscillator. The connection at 
node A is open and pin 4 is brought out. The 
control range is from 1V to S.5v. The voltage at pin 
4 sets the charge and discharge currents (if option 
2 above is implemented) thereby controlling the 
frequency of the oscillator. 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, these specifications apply for RT ~ 3.6SKO, CT ~ 1000pF, 
-55°C < TJ < 150°C, Vee ~ 1SV) fixed deadtime, A connected. 

DESIGN LIMITS 

Parameter Conditions Min Typ Max Units 

OSCl and OSC2 Oscillator 

Initial Accuracy TJ = 25°C 360 400 440 KHz 

Voltage Stability 10V < Vcc < 30V 0.2 2 % 

Temperature Stability -55°C < TJ < 150°C 5 % 

Total Variation line, temp. 340 460 KHz 

Clock out High 3.9 4.5 V 

Clock out low 2.3 2.9 V 

Ramp Peak 2.6 2.8 3.0 V 

Ramp Valley 0.7 1.0 1.25 V 

Ramp Valley to Peak 1.6 1.8 2.0 V 

Capacitor Discharge Current 10 mA 

Current Consumption 3.2 rnA 

Typical VCO Control Range 1.5 < OSC2-4 < 5V 75% 175% fNOM 
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Oscillator (Continued) 

The Oscillator period can be. described by the 
following relationship: 

T ose = Tramp + T deadtime 

where: Tramp = C {Vupper - Vlower)/leharge 
and: T deadtime = C (V upper - Vlower)lIdis 

Voltage Reference and Undervoltage Lockout 

The FB3480 voltage reference is a buffered trimmed 
bandgap design .with excellent thermal characteristics. 
The undervoltage lockout circuit (UV1) monitors Vee 
and compares it to a zener voltage with hysteresis in 
the comparator. When the supply is sufficiently high to 

I 
I 

19pA 
I 
) 

'. 
I 

Vee 

UV1 I 
I· 

05Cl-3 n n 
---'~ 

To .... 11-
VTH UPPER 
-~----------- ---

O5Cl-2 

- ------- ------ --
VTH LOWER 

, 

allow operation of the controller, pin 1 of UV1 goes 
tru~, enabling VREF1, which runs the bias circuitry for all 
the logic. In this way, when the Vee is under voltage, 
the array goes into a low current cOnsumption mode. 
The thresholds for UV1 can be selected. 

I 
I __ -= ___________ ..1 

ElEaRICAL CHARACTERISTICS (unless otherwise noted, Vee = 15\1, -55°C < TJ < 150°C) 

DESIGN LIMITS 

Parameter Conditions Min lYP Max Unils 

VRl 

Output Voltage T) = 25°C, 10 = 1mA 5.05 5.10 5.15 V 

line Regulation 10V < Vcc < 30V 2 20 mV 

Load Regulation 1mA < 10 < 10mA 5 20 mV 

Temperature Stability -55°C < TJ < 150°C .2 .4 mV/oC 

Total Output Variation line, temp. 5.0 5.20 V 

Output Noise Voltage 10Hz to 10KHz 50 pV 

Long Term Stability TJ = 125°C, 1000 Hrs 5 25 mV 

Short Circuit Current VREF = OV -15 -50 -100 mA 

Current Consumption .7 mA 

UVl 

Start Threshold 8.8 9.2 9 .. 6 V 

UVOL Hysteresis .4 .8 1.2 V 
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Error Amplifier 

The FB348D error amplifier is a 5.5 MHz bandwidth, 
12V/p.S slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 

L _______ .J 

ELEGRICAL CHARACTERISTICS (unless otherwise noted, Vee = 15V, -55·C < TJ < 15D·C) 

Parameter Conditions 

EAl 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Open loop Gain 1 < Va < 4V 

CMRR 1.5 < VeM < 5.5V 

PSRR 10 < Vee < 30V 

Output Sink Current VEA1-1 = lV 

Output Source Current VEA1-1 = 4V 

Output High Voltage IEA1-1 = -O.5mA 

Output low Voltage lEAH = lmA 

Unity Gain Bandwidth 

Slew Rate 

Current Consumption lEAH = 0 

Output Driver Stage 

The FB348D Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFff 
transistors. The external translator to the left of the 
PWR1 cell is shown as an example of how to interface 
from logic signals to the output stage and is made up 
of uncommitted resources available on the IC 

DESIGN LIMITS 

Min Typ 

.6 

.1 

60 96 

75 95 

85 110 

1 2.5 

-.5 -1.3 

4.0 4.7 

0 0.5 

3 5.5 

6 12 

1.5 

ELEGRICAL CHARAcrERISTICS (unless otherwise noted, Vee = l5V, -5S·C < TJ < lSD·C) 

DESIGN LIMITS 

Parameter Conditions Min Typ 

PWRI 

Output low level (VOL) lOUT = 20mA 0.25 
lOUT = 200mA 1.2 

Output High level (VOH) lOUT = -20mA 13.0 13.5 
'lOUT = -200mA 12.0 13.0 

Collector leakage Ve = 30V 100 

Rise/Fall Time CL = 1000pF 30 

Current Consumption lOUT = 0 Z3 

'Micro Linear 

Max 

10 

3 

1 

5.0 

1.0 

vee 

Max 

0.40 
2.2 

500 

60 

FB3480 

Units 

mV 

pA 

pA 

dB 

dB 

dB 

mA 

mA 

V 

V 

MHz 

VIpS 

rnA 

I 

Unils 

V 
V 

V 
V 

pA 

nS 

mA 
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UNCOMMITI.ED RESOURCE CEllS 
The functions listed below are pre-simulated "cells" 
which are available for use. These "cells'are made up 
from the uncommitted resources described on page 3. 

Comparators 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vee = lSY, -55°C < TJ < 150°C) 

Parameter Conditions 

CMPl - Simple NPN Comparator 

Output Low Level lOUT = 1mA 

Output High Level lOUT = -lmA 

Input Offset Voltage 

Input Common Mode Range 

TpHL 

TpLH 

Voltage Gain 

Quiescent Current Consumption 

CMP2 - Simple Ground Sensing PNP Input Comparator 

Output Low Level 

Output High Level 

Input Offset Voltage 

Input Common Mode Range 

TpHL 

TpLH 

Voltage Gain 

Quiescent Current Consumption 

r----------, 
I S.1V I 

CMPI 
I"::" I L _________ j 

lOUT = 1mA 

lOUT = -lmA 

r-------------
S.1V I 

I 

I 

.DESIGN· LIMITS 

Min lYP Max 

3.6 4.1 

4.35 4.7 

10 

1 4.1 

20 

20 

28 

1 

3.6 4.1 

4.35 4.7 

20 

GND 3.1 

25 

25 

28 

1 

r----------------
I· S.1V I 

I I 
I 

CMP3 
"::" I 

L _______________ ..l 

r------------, 
S.1V I 

CMP4 
~r;-_--E-------1 
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Comparators (Continued) 

ELEaRICAL CHARAaERISTICS (unless otherwise noted, Vee = 1SV, -55°C < TJ < 150°C) 

DESIGN LIMITS 

Parameter Conditions Min Typ Max Units 

CMP3 - High Gain NPN Comparator 

Output Low Level lOUT = 1mA 3.6 4.1 V 

Output High Level lOUT = -lmA 4.35 4.7 V 

Input Offset Voltage 20 mV 

Input Common Mode Range 1 4.1 V 

TpHl 35 nS 

TplH 35 nS 

Voltage Gain 700 VIV 

Quiescent Current Consumption 1 mA 

CMP4 - Very High Gain NPN Comparator 

Output Low Level lOUT = 1mA 3.6 4.1 V 

Output High Level lOUT = -lmA 4.35 4.7 V 

Input Offset Voltage 10 mV 

Input Common Mode Range 1 4.1 V 

TpHl 500 nS 

TplH 500 nS 

Voltage Gain 15,000 VIV 

Quiescent Current Consumption 1 mA 

BUFl - Voltage Follower (Buffer) 

Input Bias Current 4 JiA 

Output Voltage Range lOUT < 1mA 0 4.1 V 

Offset Voltage 10 mV 

Input Common Mode Range 1 4.1 V 

Open Loop Voltage Gain 1000 VIV 

Slew Rate Cl < lpF 2 VlJiS 

Quiescent Current Consumption .375 mA I 
LS 1 - 1.2SV Level Shift 

Input Bias Current 12 JiA 

VOUT - VIN 1.1 1.4 V 

1.25V 

8UFl L _________ I 
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Internal Logic Macro Functions 
The FB3480 logic section is a pre-characterized library 
made up of high speed, high noise immunity Emitter 
Function Logic (EFL) and Emitter Coupled Logic (ECL) 
functions. This logic family uses uncommitted low 
voltage transistors and resistors which are available to 
be metallized (described on page 3) to make up the 
logic functions below. 

Ref # Description· TN1 TN4 

Gl 2-lnput 2-0utput OR 3 

G2 2-lnput 2-0utput AND 1 

G3 2-lnput Complementary Output OR/NOR 2 

G4 2-lnput Complementary Output 4 AND/NAND 

G5 2-lnput NOR 3 

G6 i-Input AND 1 

G7 2-lnputOR 3 

G8 2-lnput NAND 4 

GTl EFl to TTL 2-lnput OR Open Collector 4 

GT2 EFl to TTL 2-lnput OR Totem Pole 5 

Fl R-S Flip Flop 2 1 

F2 Positive Edge Triggered D Flip Flop 4 2 

F3 Positive Edge Triggered T Flip Flop 6 5 

F4 T Flip Flop. with Preset 8 1 

~ ~ Gl G3 
B 2 B Q 

~ ~ G2 . G4 _ 
B 2 B Q 

00 
o ·Op· Q 

F4 

C Q 

This family features the ability to. "wire,,9r". the outputs 
as well as having a very flexible structure .and fast .. 
propogation delay times. For more information on 
designing with EFL logic, please refer to the Application 
Hints on page 12. 

Component Utilization Design Limits 

TN5 TN6 TN7 DN1 RB1 tpD (liS) Icc (mA) 

1 1 1 "7 .375 

1 2 1 1 5 .7 

2 1 2 7 .375 

2 2 2 2 7 .7 

1 1 1 7 .375 

1 2 1 1 5 .7 

1 1 1 7 .375 

1 2 1 1 7 .7 

1 2 2 10 .7 

2 3 5 13 1.125 

1 1 1 8 .375 

2 3 1 10 1.125 

5 3 12 1.875 

6 4 .12 2.26 

~ ~ B . 

~ ~ 

~--i 
GTl -=- I L _________ I 

-.- - - - - - - I 

L_ 
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APPLICATIONS INFORMATION 
DESIGNING AND SPECIFYING A CONTROLLER 

The FB3480's core cell architecture is designed to 
simplify the task of designing a PWM controller for 
unique needs or specific tasks. Micro Linear will design 
the IC for a nominal initial lot charge providing that the 
design uses the cells described in this datasheet. A 
specification for a customized FB3480 controller 
requires the following elements: 

1. A block diagram describing the interconnection of 
the cells. This could also take the form of a modified 
block diagram from any of Micro Linear's standard 
products (such as the Ml4809 or Ml4825). The block 
diagram should be drawn in terms of the cells 
described in this datasheet. 

2. Packaging requirements. The FB3480 has 28 bondable 
pads. Industrial temperature range units can be 
packaged in 28 pin Plastic leaded Chip Carrier 
(PlCC) Plastic DIP packages from 14 to 28 pins. 
Military temperature range units can be packaged in 
Ceramic DIP packages from 14 to 28 pins. 

3. Test specifications. 

4. Operating Temperature Range requirements. 

An accurate indication of circuit performance can be 
obtained by prototyping with one of Micro Linear's 
standard products built from the FB3480 (such as the 
Ml4825 or Ml4809) and using "off the shell" 
comparators and logic of similar performance to that 
specified in the FB3480 datasheet. 

DESIGNING WITH EFL LOGIC 

The FB3480's logic section is a collection of high 
frequency NPN transistors, current sink transistors, 
resistors and diodes which can be configured into a 
variety of high speed logic functions. The logic family 
used in the FB3480 is Emitter Function logic (or EFl) 
which features speed, flexibility and simplicity. Since 
most of the logic is interconnected "on chip'; buffering 
to drive PC board layout capacitances is not needed, 
further minimizing the number of transistors which are 
used to accommplish the necessary logic. In addition, 
the output structure lends itself to accomplishing 
"wired-or" functions. 

The family's output voltage swings are between (VREF -
VBE), logic 1, and (VREF - 2VBE), logic 0, where VREF is 
set to 5.1V internally. Input thresholds are called VBH 
and VBL and are set by the threshold generator shown 
below to (VREF - VBE/2) for a logic 1 and (VREF - 3 • 
VBE/2) for a logic O. 

FB3480 

S.1V 

LOGIC BIAS THRESHOLD GENERATOR 

In the example below, G1 is a full OR gate. When 
either input A or input B exceeds VBL (1.5 • VBE down 
from the supply), Q1 is cut off, putting the base of Q4 
at VREF, which puts VREF - VBE on the output at the 
emitters of Q4. When both A and B are below VBL, Q1 
conducts forcing the voltage on its collector to drop to 
(VREF - VBE). This occurs since TN7 is set so that its 
current (375 pA) will cause a VBE drop to occur in a 
2KO resistor. The output emitters of Q4 will be at VBASE 
- VB& or (VREF - 2VBE)· 

r - - - - - - SlV- - - - - - ., 
I I 

, 
I .". Gl I L _____________ ..J 

G6 is an AND gate using a dual emitter input. When 
either emitter is allowed to go below VBL (VBH - VBE), 
TN1 conducts, which causes the output to go low. If 
both inputs are above VBI.J TN4's base sits at VREF, 
which makes TN4's output (VREF - VBE). 

.". G6 
L __________ , 
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APPLICATIONS INFORMATION (Continued) 

When mUltiple outputs are tied together, they function 
like an OR gate. Only one of the output emitters need 
to go "high" for the -line to become true. This assumes 
that the node is loaded with one current sink. 

Comparator functions with combinational logic can also 
be easily constructed using this family. Note that G1 has 
a full differential input stage. By applying a voltage (V1) 
on the base of Q1, the output will be true when A or B 
exceed V1. A similar example using an AND function is 
shown below. 

With the FB3480, a power supply designer can select 
his own unique controller topology and features 
without the need for external components. This 
flexibility allows compact PC board layout, minimi.zing 
interference from induced RFI/EMI; and enhancing high 
frequency performance. 

Inverting or complementary outputs can be obtained 
easily from most simple logic functions simply by 
moving the load resistor and output transistor base 
connection to the opposite collector. 

7-36 

I 

I ~ ~ ~ 
L ;., ________________ "- - _ I 



'Micro Linear USICs 
FB3490 General Purpose PWM Controller Array 

GENERAL DESCRIPTION 
The FB3490 Power Supply Controller Array is 
optimized for use in Switch Mode Power Supply 
designs at frequencies up to 750 KHz. These "core 
cells" (Oscillator, Reference, Output Drivers) are 
optimized for high performance while retaining 
maximum flexibility. In addition, this array contains 
cells (or tiles) which can be used for logic, amplifiers, 
comparators and other special functions. 

With the FB3490, a power supply designer can select a 
unique controller topology and feature set without the 
need for external components. Design and layout of a 
unique controller is simplified through the use of 
many pre-defined and pre-simulated "soft macros" 
which can be made available for customer designs. 

This array is similar in performance to the UC1846 and 
was used to implement the Ml4812 Power Factor 
Controller. Cells from these and future Micro linear 
FB3490 based standard products can be made available 
for customer designs. 

BLOCK DIAGRAM 

FEATURES 
• Practical Operation at Switching Frequencies to 

750 KHz 
• Dual High Current (1A peak) Totem Pole Outputs 
• ±0.5% Trimmed Bandgap Reference 
• Multiple Error Amp systems possible 
• Extensive library of "soft macro" building block 

functions available for user design 
• 40V bipolar dual layer metal process 
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.F83491 Resonant Mode Controller Array 

GENERAL DESCRIPTION FEATURES 
The FB3491 is an application focused tile array 
intended for resonant mode power supply controller 
applications. This array. built on our 40 volt technology, 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section and the oscillator, are customized to 
obtain a higher level of performance for these critical 
circuit functions. 

The array has four high current (2A peak) output 
transistors to implement two high current, low cross 
conduction, totem pole type output drivers. The high 
current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFET devices. 

High speed emitter function logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than SOns from current sense 
to output shutdown can be achieved. An oscillator that 
is capable of operating up to 3MHz and a precision 
reference with an accuracy of ±1% and a temp~rature 
stability of 50 ppm/oC are examples of the level of 
performance that can be achieved. 

Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 

• Array Optimized for Resonant Mode Power Supply 
Control. Circuits 

• High Current (2A) Output Transistors for Fast 
Output Drivers 

• Can Implement all the Circuit Blocks for a High 
Performance Resonant Mode Controller 

• 6 Analog Circuit Blocks and 40 Gate Complexity 
• 40 Volt, 400 MHz Technology 

ARRAY SUMMARY 

NPN Transistors 315 

PNP Transistors 126 

Power NPN Transistors 4 

Schottky Transistors 33 

Total Diffused Resistance 570K 

Total Implant Resistance 2600K 

Total MOS Capacitance 34pF 

Total Components 1248 

Bond Pads 30 

Die Size (mils) 140 x 181 

FB3491 - Resonant Mode Controller Array 
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'Micro Linear USICs 
FB3492 Phase Modulation Controller Array 

GENERAL DESCRIPTION 
The FB3492 is an application focused tile array 
intended for phase modulated power supply controller 
applications. This array, built on our 40 volt technology, 
consists of customized and general purpose groupings 
of components to implement the various power supply 
control circuit blocks. Certain areas, such as the power 
output section, the oscillator, and the voltage reference 
are customized to obtain a higher level of performance 
for these critical circuit functions. 

The array has eight high current (2A peak) output 
transistors to implement four high current, low cross 
conduction, totem pole type output drivers. The high 
current capability allows the quick charge and 
discharge of the gate capacitance of external power 
MOSFET devices. 

High speed emitter function logic circuits can be 
implemented to achieve fast current sense circuits. A 
propagation delay of less than SOns from current sense 
to output shutdown can be achieved. An oscillator that 
is capable of operating up to 3M Hz and a precision 
reference with an accuracy of ±1% and a temperature 
stability of 50 ppm/DC are examples of the level of 
performance that can be achieved. 

Standard products built on this tile array can be easily 
modified to create a semi-standard version optimized 
for a specific customers application. 

FEATURES 
• Array Optimized for Phase Modulated Power 

Supply Control Circuits 
• High Current (2A) Output Transistors for Fast 

Output Drivers 
• Can Implement all the Circuit Blocks for a High 

Performance Phase Modulation Controller 
• 9 Analog Circuit Blocks and 60 Gate Complexity 
• 40 Volt, 400 MHz Technology 

ARRAY SUMMARY 
NPN Transistors 323 

PNP Transistors 131 

Power NPN Transistors 8 

Schottky Transistors 39 

Total Diffused Resistance 580K 

Total Implant Resistance 2500K 

Total MOS Capacitance 34pF 

Total Components 1290 

Bond Pads 29 

Die Size (mils) 140 x 201 

FB3492 - Phase Modulation Controller Array 

'Micro Linear 7-39 



'Micro Linear 
USICs 

Package Selection Guide 

Q Q Q III Q Q .. '" M Q .. III Q .. Q Q Q ;g Q .. '" .. "" .c Q :0 '" '" '" '" M M M "" III .. '" M Q"> Q"> Q"> 
III III III .c .c .c .c .c .c .c .c .c .c "" "" "" "" "" "" "" M. M M M M M M M M M M M M M M M M M M M M 

Package 'U U U =0 OQ OQ OQ =0 OQ OQ =0 =0 OQ OQ =0 OQ OQ OQ OQ OQ' '" ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 
CDIP-8 X X X X 

CDIP-14 X X X 

CDIP-16 X X X X X X X X X X X 

CDIP-18 X X X X X X X X X X X 

CDIP-20 X X X X X X X 

CDIP-24 X X X X X X X X X X X X X X X X X X X X X 

CDIP-28 X X X X X X X X X X X X. X X X X X X X X X 

CDIP-40 X X X X X X X X X X X X X X X X X X X X X 

LCC-16 X X X X X X X X X X X X 

LCC-20 X X X X X X X X X X X X X 

LCC-28 X X X X X X X X X X X X X X X X X X 

LCC-32 X X X X X X X X X X X X X X X X X X X X 

LCC-44 X X X X X X X X X X X X X X X X X. X X X X 

PDIP-8 X X X X X X X X X X X 'x 

PDIP-14 X X X X X X X X X X X X X X X X X 

PDIP-16 X X X X X X X X X X X X X X X X X X X X X 
" 

PDIP-18 X X X X X X X X X X X X X X X X X 

PDIP-20 X X X X X X X X X X X X X X X X X' X X X X 

PDIP-22 X X X X X X X X X X X 

PDIP-24 X X X X X X X X X X X X X X X X X X 

PDIP-28 X X X X X X X X X X X X X X X X X X X X X 

PDIP-40 X X X X X X X X X X X X X X X X X X X X X 

PDIP-48 X X X X X X X X X X X X 'X X X X ~ X X X X 

PLCC-20 X X X X X X X X X X X X X X X X X X X X X 

PLCC-28 X X X X X X X X X X X X X 'X X X X X X X X 

PLCC-32 X X X X X X X X X X X X ,x X X X X X X X X 

PLCC-44 X X X X X X X X X X X X X X X X X X X X X 
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:> :> :> '" :> ... co <.C :> ... 
'" '" '" <.C <.C 
M M M M M 

Package u u U 0::1 0::1 .... .... .... .... .... 
PLCC-6B X X X X X 

PQFP-44 X X X X X 

PQFP-52 X X X X X 

SDBR-14 X X X X 

SDBR-16 X X X X 

SDBR-l B X X X X 

SDBR-20 X X X X 

SDBR-24 X X X X X 

SDBR-2B X X X X X 

SDBR-40 X X X X X 

SOIC-B X X X 

SOIC-14 X X X 

SOIC-16 X X X X X 

SOIC-1B X X X X X 

SOIC-20 X X X X X 

SOIC-2B X X X X X 

SOIC-32 X X X X X 

SSSOP-20 X X X X X 

SSOP-24 X X X X X 

SSOP-2B X X X X 

TQFP-32 X X X X X 

TQFP-44 X X X X X 

TQFP-52 X X X X X 

TQFP-64 X X X X X 

X - Indicates the array is available in this package 

Package Descriptions 

SDBRZ = Sidebrazed DIP 

LCC 

CDIP 

PDIP 

PCC 

SOIC 

SSOP 

TQFP 

= Leadless Chip Carrier 

= Ceramic DIP 

= Plastic Dip 

= Plastic Leaded Chip Carrier 

= Small Outline 

= Shrink Small Outlline Package 

= Thin Quad Flat Pack 

:> 
N 
<.C 
M 
0::1 .... 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

USICs 

... N M :> ... '" :> ... :> :> :> :> :> ;; N 
N N N M M M co '" ... N M co C'I C'I 
<.C <.C <.C <.C <.C <.C <.C <.C "" "" "" "" "" "" "" M M M M M M M M M M M M M M M 
0::1 0::1 0::1 0::1 0::1 0::1 0::1 0::1 0::1 0::1 0::1 0::1 0::1 0::1 0::1 .... .... .... .... .... .... .... .... .... .... .... .... .... .... .... 
X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X 

X X X X X X 

X X X X X X X 

X X X X X X X 

X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X 

X X X X X X X X X 

X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X 

X X X X X X X X X X 

X X X X X X X X X 

X X X X X X X X X 

X X X X X X X 

X X X X X X X X X X I 
X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 
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Quality and Reliability 

Micro Linear is dedicated to excellence in its people and products. By adopting a policy of continuous 
improvement, we pledge to provide defect free products and services which meet or exceed our 
customers' expectation. 

Total Quality Management 

At Micro Linear we are committed to total quality 
management by building quality into every step of the 
manufacturing process from design to product 
qualification; from receiving to shipping. The Total 
Quality Management program at Micro Linear 
Corporation is a detailed program involving engineering 
and manufacturing and is designed to produce the 
highest quality linear integrated circuits available. 

Wafer Inspection 

Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors in accordance with MIL-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 

Assembly Inspection 

Comprehensive receiving inspection for all materials 
and piece-parts is performed in accordance with the 
strictest quality assurance procedures. To assure 
conformance and control to specifications, 
documented quality control checks and monitors are 
performed on-line. 

Testing 
Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough parametric testing of integrated circuits in 
the industry. Data sheets provide the customer a 
precise listing of parameters which are 100% tested. 
The calibration system is in compliance with 
MIL-STD-45662. 

Traceability 

All units are marked with unique lot numbers. These 
lot numbers provide complete traceability all the way 
to wafer fab as well as assembly and test. 

Micro Linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. 

ESD (Electro Static Discharge) 

Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD program, from 
design through manufacturing, incorporates training of 
all employees who handle Micro Linear products. 

Major Change Control 
Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro Linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re
qualification which may include electrical, mechanical, 
and/or thermal characterization .. If applicable, reliability 
requalification is performed. 

Process Control 
Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspection records and reports concerning monitors 
and inspection data are used to status the quality level 
of products through the final test operations. Statistical 
sampling plans insure the quality of the product. 

Micro Linear welcomes OEM quality system surveys. 
Micro Linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-I-45208 for military programs. 

Failure Analysis and Reporting of 
Customer Returns 

A formal program exists to record, analyze, and take 
appropriate corrective action on all returns. A 
Corrective Action Committee reviews all discrepancies 
and assigns responsibility to implement solutions or 
improvements on a weekly basis. A report is generated 
and sent to the customer stating our findings and 
corrective action. 

'Micro Linear 8-1 
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Document Control 
All records providing product traceability are 
maintained in accordance with· Mll-M-38510. All 
company documents .for procedures, specifications, 
drawings, travelers; flowcharts, schematics, etc. that 
define customer requirements; raw material 
requirements, design, manufacture, and testing of 
products are controlled by a Document Control 
organization within the Micro linear's Quality 
Assurance group. 

Audits 
Critical manufacturing areas are audited by a quality 
inspector at specified intervals. The audit verifies 
adequacy of operator training, correct revisions, the 
procedures, proper data entry, and record maintenance. 
In addition, weekly audits include an ESD program, 
particle count, calibration, and document control 
programs. 

Supplier Control 
Control of the quality of the incoming material is 
critical to the success of Micro linear. Under the TQM 
philosophy, Micro linear has an audit program of its 
suppliers of Class 1 material defiriedby those directly 
associated with the final products. Such· audit is carried 
out on a defined frequency and performed by both 
manufacturing and quality personnel. Information 
gathered from the audit is reviewed with the supplier. 
to incorporate programs to improve the quality of the 
material provided to Micro linear. 

Quality IndiceS Report 
Various quality data are collected each month and 
·summarized in a report presented to management ·for a 
review. This Quality Indices Report contains such 
information as process capability indices from wafer fab 
processing and assembly, on-going reliability data by 
process types and ppm data from in-line electrical 
testing as well as the AOQ data. 

Reliability Program 
Micro linear's Reliability Program consistent with those 
of other semiconductor manufacturers·· utilizes various 
accelerated life tests as tools for establishing reliability 
status and progress. These tests are undertaken to 
identify infant mortality and .wearout failure mechanisms 
for specific or generically similar device families. 

Micro Linear's Reliability program has three 
components: Qualification, Quality Conformance and 
Reliability Audit. Each design/process technology set, 
each wafer fabrication facility, and each assembly 
location by package type is initially qualified. Periodic 
re-evaluation (Quality Conformance Testing) is 
performed, thereafter, to evaluate the on-going 
reliability of products and processes. In addition, Micro 
linear has the third component, Reliability Audit named 
ACT (Advance Conformance Testing) to ensure the 
reliability of products shipped to customers. ACT 
defines auditing of samples from each process and wafer 
fab facility and subjecting them to an accelerated life 
testing. Plan for each program is illustrated in Figures 1 
through 3 and detailed in Tables 1. through 4. 

Micro linear's product reliabilty is monitored closely 
and we have an extensive reliability dilta base for both 
hermetic and molded devices. This data is published on 
a quarterly basis. 

8-2 ".. . . . .. 
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TABLE 1 

Quality and Reliability 

TABLE 2 PLAN TABLE 3 PLAN 

NOTE: "Plan" are the appropriate stresses and tests determined by a qualification committee. 

Figure 1. Qualification Testing 

TABLE 1 TABLE 3 

Figure 2. Quality Conformance Testing 

WAFER FABRICATION 
FACILITY BY 

DESIGN/PROCESS SET 

TABLE 4 

Figure 3. Reliability Audit (ACT) 

'Micro Linear 8-3 
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Stress/Test Method Condition Quantity Stress/Test Method Condition Quantity 

Life Test 1005 1000 hrs 77 Life Test 1005 1000 hrs 77 
@ 125°C @ 125°C 

HAST 50 hrs @ 45 HAST 50 hrs @ 45 
130/85% R.H. 130/85% R.H. 

ESD 3015 3 Autoclave QAP36004 168 hrs @ 45 
121°C, 15 psi 

Table 1. Temperature 1010 1000 eye. @ 45 
Cycle 55 to +125'C 

Thermal Shock 1011 200 eye. @ 45 
55 to +125'C 

High Temp QAP36005 1000 hrs. @ 45 
Storage 150°C 

Table 2. 

Stress/Test Method Condition Quantity Stress/Test Method Condition Quantity 

Life Test 1005 1000 hrs @ 77 Life Test 1005 48 hrs @ 125 
1250C 125'C 

HAST 50 hrs @ 45 
130/85% R.H. Table 4. 

Autoclave' QAP36004 168 hrs @ 45 
121OC, 15 psi 

Temperature 1010 1000 eye. @ 45 
Cycle -55 to +125OC 

Thermal Shock' 1011 200 eye. @ 45 
-55 to +125OC 

High Temp QAP36005 1000 hrs. @ 45 
Storage 1500C 

Physical 2016 15 
Dimensions 

Solderability 2003 22 leads 3 

Resistance to QAP36002 260OC, 10 sec 32 
Solder Heat 

Resistance to 2015 4 
Solvents 

External Visual QAP34001 15 
Inspection 

lead Integrity 2004 3 

Note· Qualification testing only. 

Table 3. 
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Process Control/Quality Conformance 

Reliability evaluations provide a snapshot of the product 
at a particular point in time. Process control is 
necessary to insure the picture obtained is accurate. 
Process control provides consistency and hence, 
predictability. 

Defect-free material is a pre-requisite to shipping cost
effective products which conform to specified 
requirements. The system for doing this is shown in 
Figure 4. The focal point to this system is the Vendor 
Qualification Board comprised of representatives from 
Manufacturing Engineering, Quality, Reliability, and 
Purchasing. In addition, a Corrective Action Committee 
with representatives from the above disciplines meets 
weekly to evaluate all discrepant material reports. These 
reports are the result of any non-conformance both 
internal and external (vendors) to Micro Linear. 

Because of the extreme sensitivity of wafer fabrication 
on product reliability, special care is taken to evaluate 
wafer process control. This is shown in Figure 5. 

Wafer Fab Process Control 

FRONT-END PROCESS 

• Initial Oxidation Thickness 

• Buried Layer Mask CD 

• Buried Layer Resistivity 

• Epi Resistivity and Thickness 

• Epi Oxidation Thickness 

• Iso Mask CD 

• Iso Diffusion Resistivity 

• Iso Oxide Thickness 

• Base Mask CD 

• Implant Oxide Thickness 

• Base Resistivity 

• Base Oxide Thickness 

• Implant Mask CD 

• Emitter Mask CD 

• Emitter Resistivity 

• Emitter Oxide Thickness 

• Cap Mask CD 

• Cap Oxide Thickness 

• Emitter Oxide Thickness 

• Field Oxide Thickness 

• Contact Mast CD 

• Metal Thickness 

Quality and Reliability 

BACK-END PROCESS 

• Dielectric Oxide Thickness 

• Metal Thickness 

• Passivation Thickness 

• Defect Inspection 

• SEM Inspection 

ADDITIONAL CHECKS IN DIFFUSION 

• CV Plots of Oxide and Drive Tubes 

• Etch Rate Monitors 

• Temperature Profiling 

• Quartzware Cleaning 

• Particle Counts in Tubes 

MASKING 

• Photoresist Thickness 

• Incoming Mask CD Measurement 

• Etch Rate Control 

• Exposu re Intensity 

• Hard Bake Temperature 

• Resist Pinhole Check 

• Exposure Monitor 

• CD Monitor 

Assembly Process Control 
• 01 Water Resistivity 

• Wafer Saw/Wash Monitor 

• 2nd Optical Inspection 

• Die Shear Monitor 

• Bond Wire Pull Monitor 

• Ball Bond Shear Monitor 

• 3rd Optical Inspection 

• Mold Temperature 

• Deflash Inspection 

• Solderability Test 

• Plating Thickness/Composition 

• Marking Permanency 

• Coplanarity Inspection 

• Final Visual Inspection 

• Air Monitors (temperature, humidity, particle) 

'Micro Linear 8-5 
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PURCHASING PROCEDURE 

QUALIFICATION 
REQUIREMENTS 

Figure 4. Vendor Control System 

,r&,Micro Linear 

APPROVED 
VENDOR 

LIST 



Quality and Reliability 

PURCHASING 
ENGINEERING 

QUALITY 

VENDOR 
QUALIFICATION 

~----~------~ 

VENDOR 
QUALIFICATION 

BOARD 
APPROVAL 

RECEIVING INSPECTION 

MATERIAL EVALUATION 

..--RELIABILITY EVALUATION 

VISUAL r----.L..----l-__ _ 
INSPECTION ---------+-

ELECTRICAL MEASUREMENTS 
MIL-STD-414 

(SAMPLING BY VARIABLES) RECEIVING 
INSPECTION MEAS~I~~ENTS -

SEM --,--------.-------~~ 

Figure 5. Process Control System 

~Micro Linear 

LOT SUMMARY DATA 
(FROM WAFER FAB) 

STATISTICAL 
ANALYSIS 

FEEDBACK 
TO WAFER FAB 
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r--------...., PURCHASING 
MArERIAL PRODUCTION CONTROL 

REVIEW MANUFACTURING ENG 
BOARD QUALITY 

'----r-..,...---' 

DEFINE 
PROBLEM 

REPORT 

ASSIGN __ IMPLEMENT 
ACTIONS SOLUTION 

DISPOSITION 
OF MATERIAl. 

PURCHASING 
PRODUCTION CONTROL 
MANUFACTURING ENG 
PRODUCT ENGINEERING 
RELIABILITY 
QUALITY 

Figure 6. Corrective Action Program 



Typical Molded Package Assembly Flow 

WAFER SORT 

ASSEMBLY LOCATION 

WAFER INSPECTION 

WAFER MOUNT 

PROCESS MON ITOR 

2nd OPTICAL Q.c. 

PROCESS MONITOR 

PROCESS MON ITOR 

PROCESS MON ITOR 

BALL BOND SHEAR TEST 

3rd OPTICAL VISUAL INSPECTION 

FLOW CHART SYMBOLS 

D PRODUCTION 
INSPECTION 

O QUALITY 
INSPECTION/ 
MONITOR 

/\.. PROCESS V MONITOR 

o PRODUCTION 

_ TRANSPORT 

"MiCro Linear 

Quality and Reliability 

PROCESS MONITOI 

PROCESS MONITOI 

PROCESS MONITOI 

PROCESS MONITOI 

PROCESS MONITOI 

PROCESS MONITOI 

PROCESS MONITOI I 
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Typical Test Flow 

EXTERNAL VISUAL INSPECTION 

100% TEST WORST ·CASE 
TEMPERATURE 

flOW CHART SYMBOLS 

D PRODUCTION 
INSPECTION 

O QUALITY 
INSPECTION/ 
MONITOR 

/\ STORE U INVENTORY 

o PRODUCTION 

_ TRANSPORT 

RECEIVING INSPECTION 

ELECTRICAL TEST 

SAMPLE TEST 

EXTERNAL VISUAL INSPECTION 

Q.A.AUDIT 

fiNISHED GOODS 

SHIPPING INSPECTION 

PACK 

SHIP 

CUSTOMER 
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APPENDIX A. Failure Rate Calculations 

In order to predict the rate at which product will fail, it 
is necessary to accelerate the life of the product. This is 
most commonly done by a temperature and/or voltage 
stress, a process known as burn-in. The equation for 
both stresses is exponential, hence large acceleration 
factors can be achieved. In our studies, only 
temperature was used in the acceleration equation; the 
devices were biased at nominal voltages. The equation 
is shown below. It is known as the Arrhenius Reaction 
Rate Equation, named for the man who modeled the 
relationship between temperature and the chemical 
reaction property of materials. 

Arrhenius Reaction Rate Equation 

Af = Exp [Ea (.2.. - .2..)] 
K T1 T2 

Af: Acceleration Factor 
Ea: Activation Energy (in electron volts) 
K: Boltzmanns Constant (8.62 x 10-5) 

T1: Temperature of System Operation (OK) 
T2: Temperature of Life Test (OK) 

Burn-in when run for 1000 hours, is called "life test". 
Interim readouts normally occur at 168 and 500 hours. 
The hypothesis is that a "bathtub curve" will result. This 
curve, shown below, illustrates a device's failure rate 
versus time. Certain manufacturing defects have a 
tendency to cause failures early in the life of a device 
(infant mortality). The failure rate associated with these 
defects can be accelerated by applying stresses, such as 
temperature and voltage, which do not appreciably 
affect the normal failure rates or wear out mechanisms. 

Bathtub Curve 

WEAROUT_ 

CONSTANT FAILURE RATE 

+ 

TIME 

Activation Energies 
In order to calculate the acceleration factor; the 
activation energies for various failure modes 
encountered in the semiconductor industry are 
required. Initially, failure modes are assumed based on 
industry experience. As failures occur, they are 
rigorously analyzed and the failure modes then used to 
determine which activation energies are appropriate for 
determining failure rates. The following table describes 
the most common failure modes and their activation 
energies. 

Table 1. 

Failure Mechanism Ea Stress 

Oxide Defects 0.3 eV High Voltage Op Life 

Contamination 1.0 eV High Voltage Bias 

Silicon Defects 0.5 eV High Voltage 

Metal Line 0.5 eV High Voltage Op Life 
Electromigration 

Contact 0.9 eV High Voltage Op Life 
Electromigration 

Masking Defects 0.5 eV Hi Temp. Storage 
Assembly Defects Op Life 

Microcracks N/A Temperature Cycling 

Short Channel -.06 eV low Voltage 
Charge Trappi ng Hi Vol Op Life 

Acceleration Factors 
Once the activating energy is determined for a given 
failure mechanism, the acceleration factor can be 
calculated using the Arrhenius equation. The following 
table lists some of the common activation engergies 
and its associated acceleration factors between different 
ambient temperature. 

Table 2. 

Est T, Estimated T,. Activation 
Accelerated 1YPicai Application Temperatures Energy 
Temperature 25°C 40°C 55°C 70°C (eV) 

125°C 132 52 22 10 
0.5 

150°C 313 123 53 24 

125°C 1522 376 106 33 
0.75 

150°C 5530 1367 384 121 

125°C 6587 1231 268 67 
0.9 

150°C 30994 5793 1262 314 
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Failure Rates 
At Micro linear, failure rate are generally stated at 60% 
confidence level using Chi square statistic per the 
following formula. 

where: 

xLa [with df = 2(r ;,1)] 
Amax=~~-------------

2t 

Am"l\= maximum failllre rate 
X2 = chi square distribution 
r = number of failures 
df = degree of freedom 

= total number of test hours 
a = statistical. error expected in estimate. 

For 60% confidence level, a = 0.4 or 1-a = 0.6 

Selected values of Chi Square distribution are listed in 
Table 3. 

Table' 3. Percentiles of the Chi Square Distribution. 
(ValiJes of chi2 corresponding to certain selected probabilities) 

60% Confidence, 90% Confidi!nce 
Level -'-' Level 

Probability in % 60.0 90.0 

1 - a 0.60 0.90 

df Total Failures 

1 0.708 2.71 
2 0 1.830 4.61 
3 2.950 6.25 
4 1 4.040 7.78 
5 5.130 9.24 
6 2 6.210 10.60 
7 Z280 12.00 
8 3 8.350 13.40 
9 9.410 14.70 
10 4 10.500 16.00 
11 11.500 17.30 
12 5 12.600 18.50 
13 13.600 19.80 
14 6 14.700 21.10 
15 15.700 22.30 
16 7 16.800 23.50 
17 17.800 24.80 
18 8 18.900 26.00 
19 19.900 27.20 , 
20 9 21.000 28.40 

Failure rate may be expressed a number of ways. Table 
4 compares various ways of expressing failure rates. 

Table 4. Failure Rates 

NO. OF FAILURES % PER PPM MTBF 
PER DEVICE HOURS FAILURE RATE 1000 HOURS (HOURS) FITS (HOURS) 

111 x 10' 0.000000001 O.OOql 0.001 1 1 x 10' 

111 X 10. 0.00000001 0.001 0.01 10 1 x 10. 

1/1 X 107 0.0000001 0.01 0.1 100 1 x 107 

1/1 x 10. ·0.000001 0.1 1 1000 1. x 10. 

1/1 X 105 0.00001 1 10 10000 1 X 105 

1/1 X 10. 0.0001 10 100 100000 1 X 10. 

1/1 X 103 0.001 100 1000 1000000 1 X 103 
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APPENDIX B. Radiation Hardness of 12V Bipolar Process 

The Micro linear 12V bipolar process has demonstrated 
selective hardness to radiation exposure. The 
components most commonly used in the 12V process 
which are described in table 1, were exposed up to 

DESCRIPTION 

Minimum Geometry NPN 

lateral Quad Collector PNP 

Vertical PNP 

450 N+ Resistor 

8500 P+ Resistor 

10KO Implanted P Resistor 

10pF Capacitor 

106 Rads total dose ionizing radiation. A second group 
of the same components were exposed to non-ionizing 
radiation of up to 1014 fluence neutrons/sq cm. Neither 
group was exposed to both types of radiation. 

BIAS POST 
DURING IRRADIATION 

IRRADIATION MEASUREMENTS FIGURES 

VCES = +5V Ahfe 1,4 

VCES = -5V Ahfe 2,5 

VCES = -5V Ahfe 3,6 

No bias AR 3,6 

No bias AR 3,6 

No bias AR 3,6 

No bias All 3,6 

Table 1. Components 

Figures 1 through 3 show the results of the ionizing 
radiation tests. Figures 4 through 6 show the results of 
the non-ionizing radiation tests. 

• The resistors and capacitors were not significantly altered by 
exposure to these radiation levels. They are not included in the 
figures. 

140 

120 

100 

BO 
.!! 
.<: 

so 

40 

20 

104 

General Purpose NPN Transistor 

Total Ionizing Dose rad (SI) 

Figure 1. 

--lce=1mA 
__ Ice = 100~A 

___ Ice=10~A 

__ lce=lJ,lA 

Summary 
The hfe of the NPN transistors degrade by 
approximately 50% at 105 Rads and 80% at 106 Rads. 
The PNPs degrade more severely by afProximately 
80% at 105 Rads and reach unity at 10 Rads. 
Degradation vs. neutron fluence is similar but less 
severe. 

Micro linear circuits, exclusively using NPN devices 
and passive components, can be designed to perform 
in a high radiation environment. 

50 

30 

20 

10 

General Purpose Lateral PNP Transistor 

/,lce=100I-\A 

~_lce='OIlA 
-...:'*'=--!:~ Ice = 1~A 

Total Ionizing Dos. rad (Si) 

Figure 2. 

'Micro Linear 8-13 

I 



QualitY ·ahd Reliability 

80 
Substr,te PNP Transistor General Purpose. Lateral PNP Tran~lstor 

140 

120 

60 
100 

80 

.!! 40 
~ .c 60 

Ice = 1rnA 40 
20 .~ce=.'00~A . 

~lce=10~A 20 

0 
::::---Ice = 1 ~A 

104 lrP ,''' 107 to'l 10 '2 10'3 lb~4" 

Total Ionizing Dose rad (SI) Fluence Neutrons/sq em 

Figure 3. Figure 4. 

General Purpose ~PN Transistor Substrate PNP TranSistor 

40 80 

30 Ice",10",A 60 

.!! 20 .!! 40 .c .c 

10 20 

0 
10'1 10 '2 .10 '3 10'4 10" '0'2 10'3 10'4 

Fluence Neutrons/sq em Fluence Neutrons/sq em 

Figure 5. Figure 6. 
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'Micro Linear IM8 

Military Product Flow 

A specification to establish the general test methods and procedures for purchase of integrated circuits 
to military quality and reliability assurance requirements. 

Micro linear is committed to supplying the military 
marketplace with service, as well as, quality and 
reliable components second to' none. The Micro linear 
IM8 program is designed to provide off-the-shelf high 
integration linear integrated circuits with extended 
screening and testing utilizing the methods of MIL
STD-883C, Class B as its reference documentation. 

The Quality and Reliability Assurance program at Micro 
linear Corporation is a wide ranging program involving 
engineering and manufacturing designed to produce 
the highest quality linear integrated circuits available. 

Wafer Inspection 
Emphasis is placed on statistical analysis, electrical 
measurements on specially designed Process Control 
Monitors in accordance with MIL-STD-414 (sampling by 
variables), visual inspection, and film measurements. 
Potential reliability hazards are investigated and 
detected early by utilizing diagnostic and device 
structures on each wafer and periodic SEM analysis. 

Assembly Inspection 
Comprehensive receiving inspection for all materials 
and piece-parts is performed in accordance with the 
strictest quality assurance procedures. To assure 
conformanc~ and control to specifications, 
documented quality control checks and monitors are 
performed on-line. 

Testing 
Micro linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and 
thorough parametric testing of integrated circuits in 
the industry. Data sheets provide the customer a 
precise listing of parameters which are 100% tested. 
The calibration system is in compliance with 
MIL-STD-45662. 

Traceability 
For complete traceability to the wafer fab and 
assembly lot, a mark is placed on all units giving 
information on a unit-by-unit basis. 

Micro linear considers traceability to be essential for 
good engineering control and additional insurance for 
its customers. The information provided exceeds the 
seal week control required by MIL-M-38510. 

ESD (Electro Static Discharge) 
Products are fully characterized to MIL-STD-883C, 
Method 3015 and strict controls on handling and 
packaging are observed. A full ESD 'program, from 
design through manufacturing, incorporates training of 
all employees who handle Micro linear products. 

Major Change Control 
Major change controls are in place to notify customers 
in accordance with MIL-M-38510. Micro linear reviews 
all process, product, and package changes. All changes 
with possible impact are submitted for a re
qualification, which may include electrical, mechanical, 
and/or thermal characterization. Reliability 
requalification is performed if applicable. 

Quality Assurance 
Process monitors and gate inspections insure that all 
devices are properly tested and that the required 
sample tests are performed prior to shipment. 
Inspettion records and reports concerning monitors 
and inspection data are utilized to status the quality 
level of products going through final test operations. 
Statistical sampling plans ensure the quality of the 
product. 

Micro linear welcomes OEM quality system surveys. 
Micro linear is qualified by a number of customers to 
MIL-Q-9858A and MIL-I-45208 for military programs. 

Failure Analysis and Reporting of 
Customer Returns 
A formal program exists to record, analyze and take 
appropriate corrective action on all returns. A 
Corrective Action Committee reviews on a weekly 
basis all discrepancies and assigns responsibility to 
implement solutions or improvements. A report is 
generated and sent to the customer stating our 
findings and action. 
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/ ":'8 Product Screening Flow 
Micro linear's standard extended screening process 
outlined below utilizes the methods of Mll-STD-BB3C, 
Class B as it's reference documentation. 

9-2 

11 

12 

A 

B 

Despite lower cost and .faster delivery of the folloWing 
standard 1MB flow, there are cases where a custom or 
special flow is required .. Micro linear is.readyto discuss 
and accomodate custom flows to meet design or other 
mandatory requirements. 



/ M8 Military Product Flow 

/ M8 Manufacturing Flow 

Screening to the 1MB flow is part of the manufacturing 
flow shown below. The numbered steps correspond to 
the operations of the 1MB product screening flow. 

Preform 

OPERATION 

""V7 Wafer Fabricated 

• Receiving Inspection 

~ Wafer Sort 

'«{7 Wafer Saw 

'Z7 Second Optical Inspection 

• Second Optical Q.C. 

Receiving ""?7 Frame Attach (CERDIP only) 
Base/Pkg Inspection ~ 

~2Z::--":!111 •• ~-'-:S:S::G<. Die Attach 

Receiving 
..s Die Shear Monitor 

AI. Wire Inspection 

""V~z~~II.iII~~..::ss:··~ Wire Bond 

..s Wire Bond Monitor 

~ Third Optical Inspection 

Receiving 
Lid/Cap I cti' - Third Optical Q.C. nspe on ..... 

""V~Z:::--"~ •• ~--SSV Seal 

~Mark 

"Z7 Stabilization Bake 

~ Temperature Cycling 

Centrifuge 

Fine Leak 

Gross Leak 

OPERATION KEY 

""V7 
~ 

• • 

incoming material 

production 

production or 
quality monitors 

quality inspection 

'Micro Linear 

CONDITIONS 

Appropriate FAB 
Specification 

QAP 31003 

DI Water> 10 MO 

Method 2010, Condition B 

7% LTPD, ACC ~ 1 

2 Samples/Lot or Once/Hour 

tntrasonic Aluminum 
2 units/Machine 
3 grams Minimum 

7% ITPD, ACC ~ 1 

(Note 1) 
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IM8 Manufacturing Flow (Continued) 

9-4 

OPERATION KEY 

• 
incoming material 

production 

production or 
quality monitors 

• quality inspection 

• 
~ • 

OPERATION 

Marking Permanency 

Lead'Ihm 

Visual Inspection 

'Quality Monitor 

~ Pack and Ship 

• 
~ 
~ 

• ... _ .. 

• 

Receiving Inspection 

Electrical Test 

Bum-in 

Electrical Test 

PDA Calculation 

Electrical Test, 
Min. and Max. Temperature 

Q.A. Sample 

Quality Conformance 
Inspection 

. Q.A. Fine Leak Sample 

Q.A. Gross Leak Sample 

Shipping Inspection 

~SHIP 

CONDITIONS 

7% LTPD, ACC ~ 1 

PUR 34001 (Note 2) 

QAP 35030 

Note 1: Marking of product screened to 1MB test methods and procedures is as follows: 

Micro Linear prefix or for second source devices 
prefIx is the same as original source 

Four digit product part number 

Number or letter indicates electrical grade of part 

Temperature range (Example: "M" - 55°C to + 125°C) 

Package type (Example: "J" Hermetic .Ceramic DIP) 

Indicates 1MB processing 

'--------Follr digit date code 

Note 2: Country of origin may be United States, Korea, Hong Kong or Thailand. 
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/ M8 Product Qualification 
Generic data can be provided for the following 
qualification conditions or methods. 

Actual qualification on a given lot can be performed on 
a customer lot basis. Contact your Micro Linear sales 
representative for any additional price adder and 
delivery information. 

Test 

1. Steady-State Life (Burn-In 
Circuit Available Upon 
Request) 

End Point Life 
Test Electricals 25°C 

1. Physical Dimensions 

2. a. lead Integrity 

b. Seal 
Fine 
Gross 

3. a. Thermal Shock 

b. Temperature Cycling 

c. Moisture Resistance 

d. Seal 
Fine 
Gross 

e. Visual Examination 

f. End Point 
Electricals 25°C 

4. a. Mechanical Shock 

b. Vibration, Variable 
Frequency 

c. Constant Acceleration 

d. Seal 
Fine 
Gross 

e. Visual Examination 

f. End Point Electricals 25°C 

Group C Die-Related Tests 

Condition 

Method 1005 
1000 Hrat 125°C or equivalent 

Data Sheet, 
100% Noted Parameters 

Group D Package-Related Tests 

Method 2016 

Method 2004 

Method 1014 
Condition A 
Condition C 

Method 1011 
Test Condition B 
15 Cycles 

Method 1010 
Test Condition C 
100 Cycles 

Method 1004 

Method 1014 
Condition A 
Condition C 

Method 1004 
Method 1010 

Data Sheet 
100% Noted Parameters 

Method 2002 
Condition B 

Method 2007 
Conditiori' A 

Method 2001 
Condition E 
Y1 Orientation 

Method 1014 
Condition A 
Condition C 

Data Sheet 
100% Note Parameters 

'Micro Linear 

Quantity/Accept No. 

LTPD 5 

lTPD 15 

lTPD 15 

lTPD 15 

lTPD 15 
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FED-STD-2090 

MIL-M-38510 

MIL-Q-9858 

MIL-STD-414 

MIL-STD-883 

MIL-STD-11331 

MI L -STD-45662 

REFERENCES 

GoVernment documents and specifications. 

Clean Room and Work Station Requirements, 
Controlled Environment. 

Micro Circuits, Genera! Specification for. 

Quality Program Requiremeots .. 

Sampling Procedures and Tables for Inspection by 
Variables for Percent Defective. 

Test Methods and Procedures for Microelectronics. 

Parameter to be Controlled for the Specification of 
Microcircuits. 

Calibration Systems Requirements. 

ORDERING INFORMATION 

Product processed to the IM8 flow is ordered by adding IM8 to the standard product part number. 

Example: 

ML2111 BMJ/M8 

-T-T SCREENING 

~ STANDARD PRODUCT PART NUMBER 

All IM8 product are shipped with a certificate of conformance. Information with regard to non-standard electrical testing or 
preconditioning,. and wafer traceability may be obtained by contacting your Micro Linear sales representative. 
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'Micro Linear 

Micro linear's Bipolar ASIC Technology allows the mixture 
of both analog and digital circuitry on an integrated 
circuit. Micro linear has combined the advantages of TIL, 
and ECl logic on our FB3600 family of bipolar tile arrays. 
Our +5 volt version of ECl can interface to the outside 
world at standard TIL, CMOS or 10K ECl levels. It 
requires the use of only a standard +5 volt power supply. 
On-chip, gate propagation delay times as low as 2 
nanoseconds are possible. High density ECl digital 
components occupy fifty percent of Micro Linear's FB3635 
tile array. In addition, a certain amount of digital logic can 
be implemented on all of the FB3600 tile arrays. 

Traditionally, 10K ECl logic uses -5.2 volts supply. This 
additional supply is only needed for applications requiring 
an external ECl logic interface. Our FB3635 and FB3621 
tile arrays contain schottky components. These 
components are often useful for implementing high speed 
TIL & CMOS output drivers. On-chip ECl logic requires 
a voltage reference which changes over temperature. 
Normally, on-chip voltage references are designed to be 
stable over variations in temperature. The schematic 
diagram for this circuit has been provided. 

This application note has been designed to aid a design 
engineer using a workstation with Micro linear's analog 
ASIC design libraries. The circuits provide basic building 
blocks which can be integrated on our FB3600 family of 
tile arrays. The circuitry and discussion provided in this 
application note provide a starting point for the design 
engineer's own workstation circuit design and simulations. 

Two Input Eel NOR Gate 

One of the major advantages of ECl logic is that the 
transistors never saturate. This plus the small signal swings 
reduce the propagation delay time through the gate. The 
propagation delay can be adjusted by changing the 
current level used by the circuit. The gate propagation 
delay decreases as the operating current level increases. 

The ECl NOR gate, shown in figure 1, is designed for 
conventional +5 volt power supply operation. VCS is a 
preset bias voltage of 1.35 volts. This develops a voltage 
drop of 750mV across R2. The two ECl inputs (Input A & 
Input B) have a logic high (true) value of 4.25 volts and a 
logic low (false) value of 3.50 volts. VBBl is a pre.set ?ias 
voltage which is about half way between the logiC high 
and logic low voltages. 

Micro Linear's single +5V operation is different from 
traditional 10K ECl logic which uses a single -5.2 volt 
supply. This establishes the 10K ECL logic high level in 
between -.810 and -.960 volts and a logic low level is in 
between -1.650 and -1.850 volts. 

The NOR gate operates on the current fI~w from Q4. All 
the current from Q4 will be steered through either the 
Q3 leg or the Q1/Q2 leg of the circuit. If either Input A 

August 1988 

Application Note 1 

FB3600 Digital Logic Design 
Figure 1. NOR Gate 
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INPUT B OUTPUT Y 

vcs 
M3600 OUTPUTVY 

R2 d ~ .. 
i!! A B Y ::l; ::l; 

l H 
H l GND 

H 
H H 

or Input B logic voltage is high, all the current will flow 
up the Q1/Q2 leg of the circuit. This oc~urs because 
either or both transistors (Ql, Q2) have an Input voltage 
which is above Q3 input voltage. Current flowing up the 
Q1/Q2 leg will cause a 750mV voltage drop to occur 
across Rl (same resistance as R2). This also results in 
Output Y being set at 5 volts minus 750mV minus 750mV 
(Q5 base to emitter voltage drop). Thus, Output Y is set 
at a logic low level (3.05 volts). 

Both inputs need to be logic low for Output Y to have a 
logic high result (4.4 volts). In this case, the voltages on 
both Ql and Q2 bases are less than the voltage on the 
base of Q3. This will cause all the current from Q4 to 
flow up the Q3 leg. The base of Q5 will be about 5 volts 
since the voltage drop across Rl is close to zero. 

It is important to note that Rl always equals R2 and ~hat 
the voltage drops (typically 750mV) across the base emitter IJ 
will change with temperature. Since all the transistors on 
this IC are about the same temperature, they and the ECl 
voltage references will all track together with te~~eratur.e. 
Thus the ECl logic works well over variatIOns In 
temperature. The absolute values of the voltages stated 
above will change slightly with temperature. The values of 
resistors Rl, R2, and R3 are adjusted for the desired speed 
vs power tradeoffs. The values shown in the NOR gate 
(figure 1) are typical values. 

Figure 1 also shows an Output YY terminal. Some ECl 
logic gates need to have an extra diode voltage drop for 
its output. We will call this the "bias level B" 
output/input. The Output Y terminal does not have this 
extra diode voltage drop. Thus, we will call this the "bias 
level N' output/input. 

'Micro Linear 10-1 
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fwo Input ·Eel NI(ND/AND"Gate 

The basic operation of this gate's differential pair and the 
two. output stages is very similar to the NOR gate 
discussion. The NAND/AND gates input stage requires 
Input A to be a "bias level N' input and Input B to be a 
"bias level B" input. A "bias level N' input needs to be 
driven by a "bias level N' output. Similarly, a "bias level 
B" input needs to be driven by a "bias level B" output. 

The NAND/AND gate shown in figure 2 has two output 
sections. The NAND output uses section A output stage. 
The AND output uses section B output stage. This gate 
can have either output stages omitted. 

The NAND gate has its "bias. level N' result on Output X 
and its "bias level B" output on .Output XX. Similarly, the 
AND gate has its "bias level N' result on Output Wand 
"bias level B" output on Output WW. 

Two Input ECl XOR Gate 

The basiC operation of this gate's two differential pair and 
the output stages is very similar to the NAND/AND gate 
discussion. Figure 3 contains a circuit diagram for this 
gate. It uses one "bias level I\' (Input A) input and one 
"bias level B" input (Input BB). The gates output is 
available as "bias level N' (Output W) and as "bias level 
B" (Output WW). 

Figure 3. XOR Gate. 
+5 

. INPUT.A ..... ___ -+ __ -1f---' 

vcs ----~=l~ 
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Figure 2. NANDI AND Gate 
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ECl Data latch 

The circuit diagram .for a single bit ECl data latch is 
shown in figure 4. As long as the Clock Input is logiC 
high, the data latch will pass the data from the Data Input 
through to. the output. If the input data .changes, the 
output will track the change. This is called the· pass 
through mode of operation. The pass through mode will 
end as soon as the Clock Input signal changes to logic 
low. When this transition occurs, the current value of 
input data will latch. The data latch will remain fixed as 
long as the clock remains low. Should the Clock Input 
return to the high state, ttie data latch will return to the 
pass through 'mode of operation. The data latch is level 
triggered instead of edged triggered. 

Both the Clock .Input and the Data Input are "bi~ level 
I\' inputs. The "bias level N' outputs are Q and Q. The 
"bias level B" outputs are QQ and QQ. 

When the Clock Input is high, the current value of the 
Data Input will be present at the Q andQQ outputs. A,.!! 
inver~ version of Data Input will be present at the Q 
and QQ outputs. When the C,lock, Input is low, the 
latched value of the previous Data Input will be present at 
the Q and QQ outputs. 

The data latch circuit contains circuitry to adjust the Clock 
Input signal. The circuitry shown in section A contains a 
circuit for converting a "bias level·!\' logic input into two 
"bias level B" output signals. The two output signa.ls reflect 
the input signal and a complement of the input signal. , 
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The "bias level i\' clock input signal drives the base of Q1. 
Transistor Q1 and Q2 form a different pair. The base of Q2 
is driven by a reference voltage which is midway between 
logic high and logic low. When the Q1 input signal is 
high, the current will flow only through the Q1 leg of the 
differential pair. This will cause the collector of Q1 to have 
a voltage of about 4.25 volts and the collector of Q2 to 
have a voltage of about 5 volts. Substantial current will 
now flow through Q3. Thus, a "bias level K logic low is 
present at the emitter of Q3. The diode in series with Q3 
emitter shifts the output voltage to a "bias level B" output. 
This "bias level B" output will have a logic low value. Note 
that the Q3 outputs represent the complement of the 
Clock Input signal. Thus, a low Clock Input signal will 
result in a logic high output at the emitter of Q3. 

A buffered version of the Clock Input signal is provided. 
This output will have the same logic level as the Clock 
Input signal. A "bias level i\' version of the Clock Input 
signal is available at the emitter of Q4. The diode in series 
with Q4 emitter shifts the output voltage to a "bias level 
B" output. 

The buffered Clock Input signal and its buffered 
complement will drive the bases of Q5 and Q6, 
respectively. When the data latch is in the data pass 
through mode (Clock Input high), transistor Q5 is turned 
on and transistor Q6 is turned off. If the Data Input is 
logic high, all of the current in the differential pair (Q7 & 
Q8) will flow in the Q7 leg. The current flow through the 

• ~ OUTPlJTQQ 

resistor in the Q7 leg will produce a 750mV drop. This sets 
the collector of Q7 at 4.25 volts. This will cause Q11 
emitter to be at "bias level K logic low (output Q). 
Output QQ will be "bias level B" logic low. The lack of 
current flow in the Q8 leg will. cause the collector of Q8 
to be at about 5 volts. This will cause the emitter of Q12 
to be logic high ("bias level N'). Output QQ will be at 
"bias level B" logic high. 

When the Data Input is logic low, then all of the current 
will flow through the Q8 leg. Transistor Q11 emitter will 
now be at logic high. Output QQ will be at "bias level B" 
logic high. Transistor Q12 emitter will now be at logic low 
and the output QQ will be at logic low. 

The data latch will store the current state of the output 
when the Clock Input signal changes to logi.c low. This will 
cause transistor Q5 to turn off and transistor Q6 to turn 
on. The base of Q9 gets its input from output Q. The base 
of Q10 gets it's input from the output Q. Since it takes a 
few nanoseconds for Q11 and Q12 to change state after 
the input data changes, the data latch is now getting its 
input data from the previous output data. This feedback 
loop causes the data latches output to remain fixed. 

The data latch also contains a CLEAR input. This input 
should normally be logic low ("bias level B"). A logic high 
will reset the data latch to logic low. As long as the CLEAR 

. input is logic high, the data latch will remain reset. 

'Micro Linear 10-3 
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One Bit Eel Register or Flip Flop 

The circuit shown in figure 5 can be used as a single bit 
positive edge triggered register or as a flip flop. We shall 
first review its operation as a one bit register. This circuit 
latches the Input Data upon the Clock Input changing 
from logic low to logic high. The data will remain latched 
until the next time the Clock Input changes from logic 
low to logic high. Similar ,to the data latch circuit, the 
Clock Input and Data Input signal are both "bias level />i' 
inputs. The register has four outputs. Th~ outputs are 
available in both "bias level N' (Q and Q) and "bias level 
B" (QQ and QQ). The regi~er's stored value (Q and QQ) 
and its complement value (Q and QQ) are also provided. 

This circuit is simply two data latches in series. Both data 
latches use a common clock. When one latch is. in the 
data pass through mode, the other latch is latched, When 
the Clock Input signal is high, data latch A is latched and 
data latch B is in the pass through mode. When the Clock 
Input signal is low, data latch A is in the data pass through 
mode and data latch B is latched. If the Clock Input signal 

Figure 5. Register or F6p Flop 
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changes from low to high, latch A will latch its current 
input data and data latch B will pass data latch A output 
values directly to its output. This can change the data 
register's output. If the Clock Input signal changes from 
high to low, the output data will not change since latch B 
will latch itself using data provided by latch A previous 
outputs. Note that a flip fk>p can be implemented by 
connecting the register's Q output to the register's Data 
Input. . 

The register also contains a CLEAR input. This input should 
normally be logic low ("bias level B"). A logic high will 
reset the register to logic low. As long as the CLEAR input 
is logic high, the register will remain reset. 

The Clock Input circuit has two "bias level B" outputs 
(point A and B). If these output connections are switched, 
the register will latch upon a logic high to low transition. 
This will cause it to be in pass through mode whenever 
the Clock Input is low. The data register will latch its data 
whenever the Clock Input is high. 
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TTL and CMOS Input Interface Circuit 

This circuit, shown in figure 6, converts a TTL or CMOS 
logic level input into an on-chip Eel level input. Output Y 
is a "bias level /Ii' version of Input A. Output YY is a "bias 
level B" version of Input A. Transistors Q1 and Q2 forms a 
differential pair. The string of three diodes (01, 02, and 
03) sets the base of transistor Q2 at 2.25 volts. Given a 
high TTL/CMOS logic level drive at Input A, resistor R1 
will bias the base of Q1 to be above the base Q2. This will 
cause all of the current to flow through the Q1 leg of the 
differential pair. Since the voltage drop across R2 will be 
about zero, the base of Q4 will be at 5 volts. The emitter 
of Q4 will be "bias level /Ii' logic high. A "bias level B" 
version of this output will be produced at Output YY. 

When Input A is driven by a TTL/CMOS low logic level, 
the base of Q1 will be biased below the base of Q2. Now 
all of the current will flow through the Q2 leg of the 
differential pair. The current flow will causes a 750mV 
voltage drop to occur across R2. The emitter of Q4 
(Output Y) is now set at a "bias level /Ii' logic low. Diode 
05 produces a "bias level B" version of this output. 

Voltage Reference for FB3600 ECL Logic 

The circuit shown in figure 8 supplies the necessary 
reference voltages for our ECl logic. It has been designed 
to vary the output voltage with temperature. This block 
has been designed by Mirco linear's engineering 
department as a standard function block to be included 
on all ECl logic designs. 

Figure 8. 

Figure 6. Input Interface 
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FB3600 . AppliCation . Note 

On-chip ECl to TIL or CMOS Output Interface 

The circuit shown in figure 7 takes an on-chip "bias level 
X' ECl input and produces a TIL/CMOS compatible 

. output. If the input is logic high (true) then the output 
will be logic high (true). The circuit simply buffers and 
shifts the logic voltage level from on-chip ECl voltage 
levels to TIL/CMOS voltage levels. 

Section A contains circuitry similar to the CLOCK input for 
the data latch circuit. It converts the input into two signals 
(buffered version and a complement buffered version). If 
the input is driven by a high logic level, Q1 will be turned 
on and Q2 will be turned off: This causes the base of Q3 
to be 4.25 volts and the base of Q4 to be 5 volts. 
Transistors Q3 and Q4 drives the bases of Q5 and Q6 
respectively. Since the base voltage of Q4 is greater than 
the base voltage of Q3, the base voltage of Q6 will be 
greater than the base voltage of Q5. This will cause all of 
the current in the Q5 & Q6 differential pair to flow in the 
Q6 leg. If Input A is driven by a logic low level, all of the 
current in the Q5 & Q6 differential pair will flow in the 
Q5leg. 

The collector of Q6 drives the final output circuitry in 
section B. When Input A is at logic high, the collector of 
Q6 will be at .9 volts. The voltage drop across the base 
and emitter (.75 volts) of Q7 and Q8 will result in the 
bases of Q11 and Q12 being driven by less than .2 volts. 
Transistors Q11 and Q12 will be switched off. Since Q11 is 
off, the base of Q13 will be close to 5 volts. This turns Q13 
on and results in a voltage of about 4.2 volts at the 
Output. 

If Input A is at logic low, the collector of Q6 will be at 1.5 
volts. The voltage drop across the base and emitter of Q7 
and Q8 will result in the bases of Q11 and Q12 being 
driven by about .9 volts. This will turn on Q11 and Q12. 
With Q11 turned on, Q13 wiU be turned off and Q12 will 
be switched on. The output voltage will be about .75 volts. 

We have just reviewed how section A circuitry drives the 
differential pair of Q5 & Q6. We have also reviewed how 
the collector of Q6 drives the output drive circuitry 
contained in section B. Next, we will examine how the Q5 
& Q6 differential pair have been biased. 

Section D contains a circuit known as a base emitter 
voltage multiplier. The voltage at the collector of Q15 will 
be determined by the following equation, 

Voltage at collector of Q15 = [1 + (RlIR2)) x .75 

The value of R1 and R2 is 10KO and 4KO respectively. The 
.75 represents the typical voltage drop across a transistors 
base to emitter. This sets voltage at the collector of Q15 at 
2.6 volts. The voltage drop across the base and emitter of 
Q14 will set the collector voltage of Q5 at 2.6 - .75 = 1.85 
volts. 

When all of the current flows in the Q5 leg of the 
differential pair (Q5 & Q6), there will not bea .voltage 
drop across the circuitry in section E (no current flow). 
The collector of Q6 is now set at 1.85 volts. If all of the 
current flows in the Q6 leg of the differential pair,tbere 
will be a .75 voltage drop across the diode. This sets tbe 
collector of Q6 at 1.1 volts. .. 

The circuitry in section F provides a bias current for a 
current mirror. Resistor R3 value was chosen for a .5mA 
current flow with a 4.4 voltage drop across it This input 
bias current generates the base to emitter voltage for Q16 
which drives the bases of Q17, Q18, Q9 and Q10. Each of 
these transistors will sink .5mA. 

Transistors Q19, Q21 and Q20 also form a current mirror. 
Transistor Q20 and its8Kemitter resistor have been added 
for stability. The purpose of the current mirror is to keep 
the curent flowing through Q3 and Q4 approximateiy 
equal. . 

Transistors Q11 and Q12 are schottky clamped transistors. 
They consist of a npn transistor with a schottky diode 
connected between the base and the collector. The 
function of this diode is to limit the current flowing into 
the base. This prevents the transistor from saturating. The 
schottky diode sends the excess base current into the 
collector. This limits the voltage drop across the collector 
and the emitter to about 200mV. The typical base emitter 
voltage drop is .75 volts. These devices can be replaced 
with regular npn transistors if the logic's switching rates are 
low (a few MHz). Saturated transistors have much slower 
switching times than non saturated transistors. 

Voltage Reference for FB3600 ECl logic 

The circuit shown in figure 8 supplies the necessary 
reference voltages for our ECl logic. It has been designed 
to vary the output voltage with temperature. This block 
has been designed by Mirco Linear's engineering 
department as a standard function block to be included 
on all ECl logic designs. 
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Figure 7. Output Interface 
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Application Note 2 

Trimming Analog Bipolar Arrays 

High performance analog integrated circuits are becoming 
a necessity in the design of state of the art. analog/digital 
systems. With standard analog Ie's this requires the 
designer to specify premium performance parts. These 
same premium performance circuit functions are not 
typically available in semicustom arrays. By utilizing 
trimming techniques, though, improved performance can 
still be obtained. Trimming analog bipolar arrays is a very 
viable, cost effective approach for improving the key 
parameters of a circuit. 

If tighter specifications are required than can be obtained 
using good design techniques the circuit (!lay be trimmed 
at the wafer level by a technique of selectively shorting 
zener diodes. This is known commonly as zener zapping. 
This technique can be used to trim the input offset 
voltage of an op amp or the output voltage of a precision 
reference. For example, the offset voltage of our 
MlC3S0" l operational amplifier can be trimmed from a. 
maximum of 7mV to less than lmV. The MLC340 voltage 
reference can be trimmed to an accuracy of better than 
1%. Many types of parameters may be trimmed within the 
limitations of the technique as described below. 

Although there are other ways in which a bipolar 
integrated circuit may be trimmed,zener zapping has 
become well established because it does not require extra 
processing steps and can be implemented at the wafer 
level. Unlike laser trimming, the technique is not limited 
to altering a resistive element, and does not require a 
large capital investment. Fusible links, another well
established method, requires currents in the ampere 
range in order to blow the standar<;ll micron thick 
aluminum, resulting in a questionable blown connection. 
A thinner link would require additional wafer processing 
steps. 

The Zener Zapping Technique 

This process is called· zener zapping because the emitter
base diode of a bipolar transistor is permanently shorted 
by passing a relatively large current through it while in 
the reverse breakdown avalanche mode. It produces a 
reliable 1-10 ohm link between the emitter and base pads. 
(See Fig. 1) This is a very reliable connection because of 
the double short which actually occurs. The first short is 
caused by the destruction of the pn junction. In addition, 
the presence of a large electric field during thermal 
runaway causes metal to migrate across the silicon surface 
beneath the oxide layer, producing a second short. 

This set of events occurs when the voltage across the 
emitter-base junction is increased beyond the 6.3V 

Figure 1. 

1700 

/' 6.3V 

1-100 

BEFORE "ZAPPING" 
VEB < 18V 

AFTER "ZAPPING" 
VEO> 18V 

avalanche breakdown point, to above 18V. At about 18V 
the instantaneous power dissipation exceeds 1.2W (figure 
2) and an oscillatory, thermal runaway condition occurs. In 
less .than a second the junction is destroyed leaving a 1-10 
ohm short. The current required is less than 300mA, so 
remote probe pads (the bonding pads) can be used 
without damage to the pads or traces. 

Figure 2, 

18V 

~ II' 
6.3V i 

i = 181;0
6.3 = 69mA 

Power Dissipation = iV = (69mA)(18V) = 1.24W 

The circuit in figure 3 illustrates a simple implementation 
of this technique to alter the total resistance of a circuit 
path. Before any of the zeners are blown the total 
resistance equals 1SR. This value can be altered to equal 
any integer multiple of R from 1R to lSR by selectively 
blowing only four zeners in a binary fashion. This is 
possible due to the binary arrangement of the resistor 
values. For example, to obtain a resistance of SR, Q2 and 
Q4 should be shorted resulting in 4R + lR = SR. Note that 
S equals 0101 in binary which is represented by Q4, Q3, 
Qb Q1 with shorts being O's and opens being 1's. 
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Figure 3. 
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4R ~~ 

2R ~~ Q2 

R ~~ 
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This type of circuit arrangement has two restrictions of 
which the designer should be aware. During normal 
operation of the circuit, the current through the resistor 
string should not be allowed to flow opposite to the 
direction indicated in the drawing. This would forward 
bias the base-emitter junction of the transistors, and 
effectively short out a resistor intended to be used. In 

Figure 4a. 

GND. 

Application Note 2 

addition, the forward voltage drop across each of the 
resistors should not exceed the zener breakdown voltage, 
about 6.3V. This would allow current to flow out of the 
resistor string and through the zener, altering the 
intended operation of the circuit. 

The preceding example illustrates the use of zener zapping 
to alter a resistive element in a circuit. In many cases 
modifying a current source is a more useful way of trimming 
a design. Figure 4a shows trimmable current sources used to 
reduce the input offset voltage of an op amp. 

In this example the balance of current in two circuit paths 
is altered using zener zapping. This technique is 
particularly useful for reducing the input offset voltage of 
an operational amplifier which has added emitter 
degeneration in the input stage in order to improve slew 
rate (figure 4b). The emitter resistors used in this circuit, 
R6 and R7, will contribute significantly to the offset 
voltage of the input stage. By modifying the balance of 
current between IA and 18 the increased offset voltage 
Vas can be compensated. In this example there are again 
4 bits of trimming resolution with the 3 least significant 
bits controlling one current path and the most significant 
bit controlling the other. With this configuration the 
balance of current can be altered in either direction. In 
other words, the current in T, can be increased or 
decreased relative to T 2. 

~ 81 
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Figure 4b. 

To increqse the current through T1 relative to T2 you 
simply short Q1, Qz, and Q3 in a binary fashion to get 
incremerits of I from 11 to 71. To 'increase the current 
through T2 relative toT1 you shortQ4 which increase the 
current through T2 by 81. Then if you want less current, 
short Q1, Q2, and Q3 in a binary fashion to offset the 
increase in T2 by increments of I downto 11. 

The source of current in the trim circuit should be of the 
same type as the circuit to be trimmed so their 
temperature coefficients will match. In this case, the VREF 
in both circuits should be the same, and resistors R2 and 
RB should be of the same type.: 

Shorting zeners is an irreversible process. Thus, it is 
important to check the results of a trim bit pattern before 
actually destroying the junctions. This is done by shorting 
the probe pads, externally in the desired pattern through 
relays. In this way all combinations can be tried and the 
best results can be chosen and implemented. 

Although these two examples both use 4 bits (4 zeners) to 
trim a circuit, any number can be used to get more or 
less resolution. The designer should be aware though of 
the practical limitations of each circuit to.be trimmed., 
Other error terms like temperature coefficients will 
eventually become significant, and additional trimming 
beyond this point would be fruitless. In addition, the 
more zeners you use, the more probe pads are required. 
In a full custom circuit where minimum die size is the 
ultimate goal, the additional die area required for the 
diodes, pads and trim circuitry may become significant. 
An array, however, typically has unused components 
available for the trim circuitry, and you only have to be 
concerned with the number of bonding pads available. If 
all of the pads are already being used for pinouts then a' 
larger array would be required. 

These examples illustrate the usefulness and flexibility of 
zener zapping. 'There are many other potential 
applications for this technique though, and with a good 
understanding of the basic diode shorting process the 
design engineer can be creative in its application. 

I" The MLC350 is one of the circuits in Micro Linear's library of 
macrocells. Performance details of this circuit and other 
macrocells can be found in the FB300 Macrocell and Component 
Library booklet. 
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Design Techniques for Low Input Bias Current 

Analog systems often require high impedance inputs to 
accommodate the demand for higher accuracy. 
Measurement systems which interface to photodetectors or 
high impedance transducers require devices with low offset 
voltage and low input bias current. This is necessary to 
receive and amplify the signal without introducing any 
significant errors. Under this constraint, the designer will 
often select a FET as the primary input device. Although a 
FET input stage may be appropriate in a discrete circuit 
design, there are other all bipolar techniques which are just 
as effective and better suited to an analog array. In some 
cases, these techniques will out perform the FET alternative. 

This application note describes three alternatives for 
obtaining low input bias currents. The design techniques 
described can be applied to many different types of 
circuits from simple emitter followers to complex 
amplifiers. For example, a typical all bipolar operational 
amplifier can achieve input bias currents of about 100nA 
with an offset voltages of about 1mV'". Unfortunately 
these characteristics are still not good enough for many of 
the applications previously mentioned. The input bias 
current can be minimized by using one of the following 
design techniques, 1) reducing the collector current 2) 
using a Darlington configuration 3) employing current 
cancellation techniques. This document will briefly 
describe the first two methods but will provide a detailed 
analysis of the cancellation technique as it provides the 
best performance trade-off and is the most involved. 

Reducing the Collector Current 

The simplest approach to achieve low input bias current is 
to reduce the collector current of the input transistors. 
Since the base current tracks the collector current by a 
factor of beta, reducing the collector current of the input 
transistors will reduce the input bias current into the 
bases. Beta will degrade at lower collector currents (figure 
1), however, setting a practical limitation on this technique 
at about 50pA base current. If the circuit does not require 
a high slew rate or high gain bandwidth, this may be an 
acceptable method. 

The Darlington Configuration 

Figure 2 shows a differential Darlington configuration 
which will reduce the input bias requirements by a factor 
of beta. It will also double the offset voltage and reduce 
the voltage gain by 2. The offset voltage doubles due to 
the additional mismatching of the added devices, while 
the voltage gain suffers because only one-half of the 
input signal appears across the inner pair of transistors. A 
higher slew rate and gain bandwidth, though, can be 
achieved with this technique, over simply reducing the 
collector current, but it requires more components. 

Figure 1. Current Gain vs. Collector Current 
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Figure 2. 

1,« 10 

The Cancellation Technique 

An all bipolar solution to low input bias current with low 
offset voltage while maintaining high collector currents for 
noise, slew rate or bandwidth reasons requires a 
technique called Input Bias Current Cancellation. 

Input bias current cancellation is a circuit design 
technique which measures the input current and forces 
an equivalent amount back into the input nodes (figure 
3). Ideally, this results in perfect cancellation of the input 
current. In the circuit in figure 3, the base currents into 
Q3 and Q4 duplicate the base currents into Q, and Q2. 
These currents are then sensed by Qs and Q7 and 
equivalent currents are fed back, via Q6 and Q8, into the 
input nodes. The total current at each input is thus, 
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Figure 3. 

RL 

Assuming all PNP betas (Ilp) are equal, all NPN 
betas (IlN) and all base-emitter voltage drops are equal, 

~ ,'f3N f3p 
Ic 18 (1 + f3N) (2 + f3p) 

"_ ( ,f3N ~) 
liN - 18 1 - (1 + f3N) (2 + f3p) 

If all betas are very high, 

Ic = 18 
so 

liN =0 

The main contributor to cancellation errors in this circuit is 
the low beta of the PNP devices. This sets a practical 
limitation on this technique at about 5-10% of the 
uncanceled current, as shown by the following example. 

Assumptions: f3N = 100, f3p = 30, 18 = 70nA 

( 100 30) 
IIN=70 1-1+100 2+30 

liN = 70 (.0718) 

liN = 5nA 

This technique does not reduce the input offset current. In 
fact, the additional circuitry" with its additional mismatches, 
increases the offset ament by a factor of about 3. The 
input bias current can be reduced to about the same 
value as the offset current, setting the limitation on this 
technique at' about 1-10nA 

In the equ'ati~ns above, the betas of PNPs in the current 
mirror were assumed to be equal. To enhance the viability 
of this assumption, the V CE of each PNP should be kept 
equal. With the cancellation circuitry tied to the positive 
supply the VCEof 06 and Qa will Cfiange with the input 
voltage, while the VCE of Qs and Q7 will remain constant. 
This further aggravates any beta mismatch which already 
exists. To reduce this effect the circuit can be self-biased 
using current source 188, diodes D1 and D20 and transistor 
Q9, as shown in figure 4. 

Figure 4. 

This circuit keeps the voltage across the cancellation 
circuitry fixed as the input Cammon mode voltage 
changes, which in turn keeps the beta of each device 
constant. 

These techniques for reducing input bias current 
demonstrate the reality of achieving levels sametimes 
thaught .only possible with JFETs or MOSFETs. Circuits 
being considered for analog array integration which 
contain discrete FETs or FET input op -amps should not be 
categorized as not possible. Rather, each individual circuit 
should be analyzed for its critical parameters, keeping in 
mind the trade-ofls described above. If none of the 
bipolar solutions is adequate an external FET can always be 
used as an input buffer. 

III The offset voltage can be reduced by making use of wafer 
trimming techniques. At Micro Linear a process called .zener 
zapping'is used. For more information about this process see the 
application note titled tlTrimming Bipolar Arraysl1, 
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Charles Yager 
Carlos Laber 

High Frequency Complex Filter Design 
Using the ML2111 

1.0 Introduction 
Switched capacitor filters have been growing in popularity 
because of their advantages over active filters. Switched 
capacitor filters don't require external precision capacitors 
like active filters. Their cutoff frequencies have a typical 
accuracy of ±0.3%, and they are less sensitive to 
temperature changes. This allows consistent, repeatable 
filter designs. Another distinct advantage of switched 
capacitor filters is that their cutoff frequency can be 
adjusted by changing the clock frequency. Switched 
capacitor filters offer higher integration at a lower system 
cost. 

Until the introduction of the MLZ111, commercially 
available switched capacitor filters were limited to about 
20 KHz center frequencies. The MLZ111 uses the versatile 
architecture of the MF10 with enb~nced performance to 
reach center frequencies of up to .150 KHz with Q values 
up to 20. 

Designing high frequency, high order filters using the 
MLZ111 is the main topic of this application note. 
Particular attention is focused on mode 1c, which has the 
advantage of operating at high frequencies while allowing 
the center frequency to clock ratio to vary based on 
external resistors. A flexible building block is introduced 
which implements all the necessary types of bi-quads to 
realize high order complex filters. Finally an example is 
given which illustrates the design of an eighth order 
Elliptic bandpass filter with a center frequency of 90 KHz 
and a passband from 81 KHz to 100 KHz. 

Figure 1: Signal Processing Systems 

VOLT 

• G(T) 

The first part of the application note covers a variety of 
issues: layout, how fast the system clock can be changed 
for sweeping filters, and some differences between 
continuous and sampled data filters. For the reader who is 
already familiar with sampled data filters, section 2 on 
Effects of Sampling, Aperature, Aliasing, and Signal 

.. Reconstruction may be skipped. 

2.0 Effects of Sampling 
Since the MLZ111 is a switched capacitor filter, it behaves 
as a sampled data system. Switched capacitor filters, as 
opposed to digital filters, are analog sampled data systems. 
The signal remains in the analog domain, as the charge 
on a capacitor. Whether using an analog or digital 
sampled data system, the effects of sampling the signal 
must be considered. 

Figure 1· shows a time domain input and output signal of 
an analog sampled data system. In the ideal case, the 
sampled data system, samples the input signal 
instantaneously, or with an impulse function. The 
amplitude of each sample is equal to the instantaneous 
amplitude of the input signal. The output is a series of 
narrow pulses, each separated by time 1; the sampling 
period. 

2.1 Aperture 
Since an impulse function in the time domain 
corresponds to a flat spectrum in the frequency domain, 
the input spectrum is exactly reproduced in the frequency 
domain, however, in reality the sampling signal is periodic 
and has a finite pulse width. When convoluting a finite 
pulse width with an input spectrum FOw) with unity 
amplitude, the result is found to be: 

F,t Ow) =f sin J~::2) I F[j(w - nw,)] (1) 
n =-00 

VOLT 

~TI"' ~~, I G(S) 

A) CONTINUOUS ANALOG SYSTEM L. ____ ..I 

VOLT VOLT 

V\ ,,~~ .-------.I--~" /' TIME ~ G*(S) 
G (NT) 

T T 

OJ SAMPLED ANALOG SYSTEM 
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Figure 2; Ariillysisof asampledSig~ai . 
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From this equation; the gain isa continuous function of 
frequency defined by (TIT) (sin (wTI2)/(wil2)) where T is 
the sample pulse width in seconds, T is the sample period 
in seconds, and w the frequency in radians per second. 

The time and frequency domain plots for the finite pulse 
width sampled signal are shown in figure 2. Figure 2 is a 
plot of the previous equations where the frequency 
spectrum is formed around multiples of the sampling 
frequency. As long as the adjacent spectra do not overlay 
(aliasing distortion), the continuous signal can be 
reconstructed from the discrete samples. 

To evaluate the amplitude distortion caused by having a 
finite pulse width, one can simply solve equation 1. Since 
the ML2111 has a zero-order hold TIT is unity. As.suming a 
Z5 MHz sampling frequency and a bandwidth of 150 KHz, 
the amplitude distortion or attenuation is 5.7 x 10-3 dB. 

The equation shows that when the sampling freque·ncy is 
40-50 times greater than the bandwidth, the aperture 
effects are negligible. 

2.2 Aliasing 
Another potential source for distortion in a sampled data 
system is aliasing. Aliasing distortion occurs when the 
input frequency to a sampled data system contains 
frequency components above one half the sampling 
frequency. These higher frequency components beat with 
the sampling frequency and are reflected back into the 
baseband causing aliasing distortion. 

The additional spectral components caused by sampling 
the input signal are the sum and differences of the input 
frequencies with multiples of the sampling frequency. For 
example, assume the input to a sampled data system is a 
sine wave with a frequency of 100 KHz (fi) sampled at 
250 KHz (fs), as shown in figure 3a. The first few spectral 

Is 1/T 21s 3fs 2/T FREQ 

d. SQUARE-TOPPED SAMPLED-SIGNAL SPECTRUM 

components will be at: (fj = 100 KHz; original signal, 
fs - fj = 150 KHz, fs + fj = 350 KHz, 2fs - fj = 400 KHz, 
2fs + fj = 600 KHz, ... ) Now assume fj has a second 
harmonic, which would be at 200 KHz, the spectral 
comp·onents are shown il) figure 3b. If our bandwidth of 
interest were from DC to f,l2, then the fs - 2fj . 
compcinentinterferes with the original signal. If we were 
to reconstruct the original signal by lowpass filtering it, we 
could not separate the aliased component, fs - 2fj = 50 
KHz, from the original signal. 

If our bandwidth of interest is a bandpass, the aliased 
component may not interfere; For example, if the ML2111 
were to be used as a four pole bandpass filter with a 
center frequency at 100 kHz and a Q = 10 as shown in 
figure 3c, then the ;liiasing components in the above 
example would be filtered out as shown in figure 3d. But 
if the ML2111 were to be used as a low passfiltet, then 
the fs - 2fj aliased component would not be filtered out 
by the ML2111, and· an anti-aliasing filter would be 
needed. 

If the input signal is not band-limited, and the aliasing 
components fall within the bandwidth of interest, then a 
lowpass filter or anti-aliasing filter must be placed in front 
of the ML2111. This filter must be a continuous filter 
rather than a sampled data filter, however, the complexity 
of this filter is typically much less than the ML2111 filters, 
and its frequency response is less critical allowing for 
relaxed component tolerances. 

Since no frequency component can be totally eliminated, 
one must determine the acceptable· amplitude of the 
aliasing components that will not impact the Signal to 
Noise ratio of 'the system. 

The higher the ratio of sampling frequency to input 
bandwidth, the lower the requirements on the anti
aliasing filter. Figure 4 shows the effects of sampling rate 
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Figure 3. Aliasing Distortion Using Sample Data Filters 
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rate on the separation of sampled signal spectra. Note the 
amount of overlap increases as the sampling frequency is 
decreased for a fixed input signal bandwidth. In general, 
the higher the sampling frequency, the less aliasing 
distortion. Since the ML2111's sampling frequency is 
typically either 50 or 100 times greater than the input 
bandwidth, the aliasing distortion may be negligible. 

2.3 Signal to Noise Ratio and 
Aliasing Distortion 

To determine whether aliasing distortion could be a 
problem, one must first determine the Signal to Noise 
Ratio of the overall system. Aliasing distortion less than 
the signal to noise ratio is of no concern. 

The data sheet specifies noise based on Q and 
bandwidth. From these specs one can deduce the SIN 
ratio of one bi-quad in the ML2111. Using a simplified 
example, a bandpass filter with a Q = 10 and a system 
clock to center frequency ratio of 50:1 has noise that is 
262 /Nrms over a 750 KHz bandwidth; taken from the 
specs in the data sheet. To determine the maximum input 
signal amplitude, one must consider the slew rate spec. 
The typical value is 2 V/JlSec, however a comfortable 
safety margin is 1.495 V/JlSec for the commercial 
temperature range and 1.256 V/f.lsec for the military 
temperature range. The slew rate = 2rriA, where f is the 
maximum input frequency, and A is the peak amplitude 
in volts. Therefore A = 1.495E6/(2*1I'*100E3) = 2.3 Volts; and 
the SIN = 78 dB. 

Application Note 4 

Based on a 100 KHz bandpass filter with a Q = 10, 
fClK:fo = 50:1, and a signal to noise ratio of 78 dB, what 
sort of anti-aliasing filter would be sufficient? One must 
first look at the spectrum of the input signal, particularly 
in the 4.895 MHz to 4.905 MHz frequency range since this 
is the range that will be reflected back into the 
bandwidth of interest, 95 KHz to 105 KHz. If the 
frequency components in the 4.895 MHz to 4.905 MHz 
are below 78 dB, they will have a minimum impact on 
the signal to noise ratio. Let's assume that these frequency 
components are down only 20 dB. Then the anti-aliasing 
filter will have to attenuate the frequencies in the 4.895 
MHz to 4.095 MHz range by 78 - 20 = 58 dB, and pass 
the frequencies in the 95 KHz to 105 KHz frequency 
range with no attenuation. A simple two pole Butterworth 
filter with a cutoff frequency of 170 KHz will be sufficient, 
however there will be an attenuation of about 0.5 dB at 
100 KHz due to this filter. 

Figure 5a shows a Sallen-Key active filter capable of 
implementing two poles, and figure 5b shows a Rauch 
filter also implementing two poles. These two active filters 
are good examples to use for anti-aliasing and 
reconstruction filters. Using the Rauch filter for the above 
example, Cs = 400 pF, C8 = 90 pF, and R = R4 = R6 = R7 = 5 KO. 
Fortunately the cutoff frequency for the antialiasing 
and reconstruction filters are not critical since capacitors 
can vary 5% and resistors can vary 1%. Taking into 
account component tolerance for our example, the cutoff 
frequency can vary worst case from 152 KHz up to 
178 KHz. 

The important aspects to note are that one must first 
determine the signal to noise .ratio in the bandwidth of 
interest. Based on this bandwidth, are there any 
frequencies that will be reflected back into the bandwidth 
of interest, and if so how much will they need to be 
attenuated? Remember that frequency components 
reflected back outside of the bandwidth of interest, will 
be filtered by the ML2111. Since the ratio of the sampling 
frequency to the center frequency is large on the ML2111, 
most designs will not need an anti-aliasing filter' and if 
they do, a simple two pblebutterworth should suffice. 

2.4 Signal Reconstruction 
The output signal of a switched capacitor filter contains 
higher frequency components since it is a sampled signal. 
Many systems can accommodate these higher frequency .. 
components; however, if they interfere with the system's II 
performance, then a signal reconstruction filter can be 
employed. 

A time domain and frequency domain plot of the output 
from the ML2111 is given in figure 6. The output signal 
changes amplitude. every clock period. These sharp 
transitions elicit high frequency components in the output 
signal. Once again, the fact that the ratio of the sampling 
frequency to the input bandwidth is high, reduces these 
distortion effects. As a result of the sin (x)/x envelope,. the 
higher frequency components are attenuated. For 
example, assuming the input bandwidth is 100 KHz and 
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Figure 4: Effects of Sampling Rate on Aliasing Noise 
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the sampling rate is 5 MHz, the frequencies around 4.9 
MHz are down 34 dB, and they degrade towards zero as 
the frequency'reaches 5 MHz. A single pole 
reconstruction filter with a cutoff frequency at 200 KHz 
would add an additional attenuation of 'I1 dB at 4.9 MHz 
but would attenuate the output by 1 dB at 100 KHz. A 
two pole Butterworth as in figure 5aor 5b would yield 58 
dB of attenuation at 4.9 MHz and only 0.5 dB at 100 KHz. 

3.0 Layout Considerations 
The layout of any board with. analog and digital circuitry 
combined mandates careful consideration. The most 
important steps in designing a low noise system are: 

1. All power source leads should have a bypass' capacitor 
to ground on each printed circuit board (PCB). At least 
one electrolytic bypass capacitor (?O IlF .or more) per 
board is recommended at the point where all power 
traces from the MlZl11 join prior to interfacing with 
the edge connector pins assigned to the power leads. 

2. layout the traces such that analog signal and capacitor 
leads are far from the digital clock. 

3. Both grounds and power supply leads must have low 
resistance and inductance. This should be accomplished 
by using a ground plane where ever possible. Either 
multiple or extra large plated through holes should be 
used when passing the ground connections through 
the PCB. 

FREQUENCY DOMAIN 

• FREQ 

4. Use a separate trace for clock ground, and connect it 
to the edge connector board ground. 

5. Use ground plane on both sides of PC board. 

6. All power pins on ICs should have 0.1 IlF and a 0.01 IlF 
capacitors in parallel tied to ground, and as close to 
the power pins as possible. 

Z Stray capacitance, lead lengths, and traces, on pin 4 
and 17, the negative input of the op amp, should be 
kept to a minimum, particularly for high frequency 
filters which are more sensitive. 

Figure Sa. Sallen-Key Filter 

'1 

B; R4R7C5C8 ; lIWo2 R4 ; R7 
C ; C5 (R4 + R7) ; lIQwo 
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Figure 5b. Rauch Filter 

o /r C5 
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Choose Butterworth response for example: 

Wo = 27T[170 KHz] "" 1.06 x 106 rad/s 
Q = .707 

say R4 = R7 = R6 = R => 1/w02 = R2CaCs 

C = RCa + Ca(R6 + R7) = RCa + 2CaR = 3RCa 

=> ~ = 3RC8 = _3_ = Wo 
B R2CaCs RCs Q 

3Q say R = 5 KO 

{ 
Cs = R :. Cs = 400 pF 

=> W~ Ca =90 pF 

Ca = wo2R2CS 

Figure 6: Signal Reconstruction 

AMP 

AMP 
LOWPASS RECONSTRUCTION FIIltR 

o dB111'T"'~ __ ~ 

-34 dB 

100 4,900. I, 11KHz) 
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3.1 Clocks and Output Loading 
It is important to properly terminate the clock input to 
prevent overshoot. Each pin has protection diodes for 
Electro-Static Discharge (ESD), and any overshoot of more 
than 0.3 to 0.5 volts will be injected directly into the 
Ml2111's ground and/or supplies. Matching the 
characteristic impedance of the line will prevent any 
ringing thus reduce clock noise. 

When operating with high clock frequencies, the output 
of the op amp and integrators should be properly loaded. 
Ideally these outputs-lp, BP, and N-Iike to drive a total 
of 2 to 3 mA of peak current each. Assuming the output 
voltage swing is ±2 volts, the sum of Rs and R6, in mode 
1c for example, should be 2 Vl2 inA or about 1,000 ohms; 
assuming no other resistors are connected. Sometimes this 
is difficult to do if the ratios and loading cannot 
simultaneously be achieve& In this case an additional 
loading resistor placed as close as possible to the output 
pin will serve the purpose of properly loading the outputs. 

4.0 Sweeping Filters 
One particularly nice feature of sampled data filters is the 
fact that the center frequency of a filter is directly related 
to the clock frequency. For a lowpass filter, increasing the 
clock frequency increases the cutoff frequency. Even 
though the center frequency increases proportionally with 
the clock, Q stays constant. Therefore in a bandpass filter, 
increasing the clock frequency increases the center 
frequency as well as tbe bandwidth. Table 2 in the data 
sheet illustrates this relationship. (Note that there is some 
Q deviation as the system clock goes beyond a certain 
value. Refer to figure 2E in the data sheet for a graph of 
this phenomenon) 

A good rule of thumb for the maximum rate a filter can 
be swept is that the Sweep Rate should be less than the 
square of the bandwidth of the filter. This will reduce 
attenuation of the passband as a result of sweeping the 
filter. The theoretical derivation of this approximation is as 
follows. 

Assume we have a bandpass filter with an in-band signal 
that starts at t = o. The output of the filter will 
exponentially increase until it reaches the steady state gain 
of the passband. After 4 time constants (T), the output 
sine wave will be at 98% of its final amplitude. 

Sweeping a filter is analogous to keeping the filter 
constant and sweeping the input frequency. To prevent 
the filter from attenuating the sweeping input signal by 
more than 2% or 0.16 dB: 

Sweep Rate < BW/4T 

but the time constant can be approximated by: 

and, 
T"" Q12mo 

Q = fo/BW or BW = folQ 

substituting T and BW into equation (2) results in: 

Sweep Rate < 7TBW212 

(2) 

(3) 
(4) 

(5) 
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5.0 High Frequency Operation 
There are 'three basic modes for the ML2111 ~ mode 1, 2 
and 3. Within each mode there are' several variations as 
shown in the table below. 

Mode 1* High Frequency Mode 

1, 1a, 1d fo up to 150 KHz; Q up to about 20·' 
1b,1c fo up to 100 KHz; Q up to about 30 

Mode 2 Flexible for Notches 

2, 2a, 2b fo up to 30 KHz; Q up to about 30 

Model Most Flexible/Low Component Count 

3,3a fo up to 30 KHz; Q up to about 30 

• Q and 10 have an inverse relationship, This table is only an 
approximation. Actual performance depends on board layout and 
stray capacitance. 

•• 15% or less Q deviation, Higher Q's can be realized with greater 
deviation. 

: Mode 1 is the only mode which has the, input amplifier 
',outside the resonant loop. This is important because the 
, input amplifier reduces the bandwidth potential of the 
: filter. Only Mode 1 can achieve filters with resonant 

frequencies up to 150 KHz. 

, Inserting an ML2111 into an MF1O, lMF100, or LTC1060 
; socket and increasing the clock frequency does not 
\ automatically increase the bandwidth potential up' to 150 
i KHz. If these pin-compatible parts were designed using 
" Mode 1, the bandwidth improvements would be realized; 
; however if they were used in another mode, there would 
~ be limited bandwidth improvements. 

'Complex, high order filters usually have pole pairs with 
different center frequencies; Elliptical and Chebyshev 
filters are two examples. To realize two pole pairs in one 
Ml2111 with different center frequencies, one must either 

, use two different clocks, or use a mode which allows the 
," center frequency to be modified by external resistors. 

Using different clock frequencies to realize poles with 
different center frequencies is not recommended. Besides 
the additional expense of providing more than one clock, 
the two system clocks may beat with each other and 
possibly result in side tones that falls within the passband 
of the filter. Additionally if anti-aliasing is needed, 
separate anti-aliasing filters would be needed for each 
stage. 

looking at tables '1 and 2 in the Ml2111 data sheet, one 
can see the modes that allow the center frequency to be 
modified by external resistors. These modes each have an 
additional coefficient multiplied by fCLKI100(50). From the 
block diagrams one can see that the modes which allow 
the center frequency to' be modified, feedback the lP 
output using a resistor divider. The modes that restrict the 

, ratio to 50 or 100 have a unity gain lP feedback. 

If the coefficient multiplied by fCLKI100(50) is, greater than 
or equal to 1, as in Mode 1b, then the ratio of fClK to fo 
can be less than 50 or 100. Whereas if this coefficient is 
less than or equal to 1, then the ratio of fCLK:fo can be 
greater than or equal to 50 or 100. Reducing the ratio of 
fCLK to fo to less than 40 to 50 is not recommended. As 
the ratio ofthe sampling frequency to the center 
frequency is reduced, the approximation of a sample data 
filter to a continuous filter is reduced. Aperture effects 
increase, aliasing effects may increase, harmonics in the 
output increase, and the warpage between the discrete 
and the continuous filter increase. 40 to 50:1 is the 
minimum recommended ratio of fClK to fo. 

Based on the above arguments one might conclude that 
100:1 is better than 50:1. In general this is true for 
switched capacitor filters, but not for the Ml2111. The 
specifications in the data sheet show that a 50:1 ratio 
provides a more accurate Q than a 100:1, and a 50:1 ratio 
allows higher frequency filters. 

Mode 3 is the most flexible since the center frequency 
can be greater than or less than fClKI100(50) by selecting 
R2 and R4. Its also the most efficient since it has the 
lowest component count. However mode 3 can only 
work up to 30 to 40 KHz or Qs up to the 10 to 30 range; 
higher fo can be obtained with lower Qs. Sometimes a 
small capacitor (C4) across ~ can compensate the filter 
response and offer less Q deviation. The value should be 
selected by setting C4 equal to 1I27rR4BW where BW is 
approximately equal to 2 to 4 MHz. 

Another reason mode 3 can only be used at lower 
frequencies is that there is a true sample and hold at the 
positive input of the summer. This sample and hold adds 
a Z2 degree delay at the center frequency when using a 
50:1 ratio (3600 /50). By using a higher ratio this delay is 
lowered. Since the Ml2111 allows a higher system clock 
than other competing devices, this delay can usually be 
made smaller for similar center frequencies. 

In conclusion, for high frequency filters use Mode 1. For 
complex filters with various center frequencies use Mode 
1c. In most cases one should choose 50:1 over 100:1 ratio 
for more accurate Q's and center frequencies. 

5.1 A Flexible Building Block 
Figure 7 shows the block diagram of a second order 
section which includes both a complex pole pair and a 
complex zero pair. The poles are provided by the Ml2111 
and the zeros realized by one and sometimes two 
external op amps. This building block uses mode 1c 
which allows the poles to have a center frequency based 
on external resistors as well as the clock, plus it can be 
used in higher frequency filters since the op amp is 
outside of the resonant loop. The same feedforward 
circuit can be used on other modes as well, but for high 
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frequency filters, where each complex pole pair has a 
different center frequency, mode 1c is the best choice. As 
mentioned before, only when Butterworth filters are 

Figure 7: Flexible Building Block 

R6 

At least one and sometimes two external op amps are 
required to realize the zeros. The first op amp serves as 
an inverter, while the second one sums the input signal 
with the lowpass and bandpass outputs. A fast op amp 
should usually be used with greater than 10 MHz 
bandwidth to minimize signal phase shifts. Depending on 
the application, sometimes a slower amplifier will suffice. 
I n some cases no external op amp is necessary and the 
second op amp in the ML2111 if not being used will 
suffice. This was done in figure 34 in the data sheet. 

With the Flexible Building Block a lowpass, highpass, 
notch, and dlpass section can be realized by properly 
positioning the zero locations. Zero locations are chosen 
by selecting the appropriate resistors. The difference 
between the lowpass output provided by the ML2111 in 
mode 1c and the lowpass function realized by the flexible 
building block is that in mode 1c the response is 
monotonically decreasing, while the Flexible Building 
Block has a complex zero pair which inserts a ripple in 
the stop band and flattens out at high frequency. 

Since the Flexible Buidling Block uses mode 1c, the pole 
equations remain the same whether there is feedforward 
or not. What changes is the zero location and the DC 
gain. The following equations are used to determine the 
pole locations and Q for the Flexible Building Block, 
which uses mode 1c. 

Application Note ,4 

desired, use mode 1 to achieve higher frequencies and a 
higher dynamic range. The transfer function for the 
flexible building block is given below. 

Vo 

A handy set of equations to convert pole and zero 
locations given in rectangular coordinates to fo and Q 
values is as follows: 

Complex Pole = a + jw; 

Va2 +w2 1 
fo = -- Q = - V1 + (w/a)2 

2TT 2 

By cascading several of these building blocks, complex 
high frequency Elliptical filters can be realized. 

5.2 Lowpass 

(6) 

(7) 

For a lowpass design with a notch, the zeros should be 
placed on the jw axis at frequencies greater than the 
poles' center frequency. In the numerator of the transfer 
function for equation 6, the coefficient for SW1 should be 

. R3 R18 set to zero; settmg - = -. 
R1 R17 

Since ~ W1 2 = Wij2, the coefficient 
Rs + R6 

R2R12R17 ( Rs ) 1 + --- 1 + - determines the center frequency of 
R1R11R19 R6 

the zero. In this form it is always greater than one, 
therefore the center frequency of the zero is always 
greater than the center frequency for the poles; hence a 
lowpass filter. The pole/zero location and the frequency 
response are shown below. 
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Equations for the lowpass configuration: 

(~)2 -1 

fz = fo 

The ratio of the zero to the pole frequency determines 
the DC to high frequency attenuation. 

When the zeros are at. the same frequency as the poles 
the bi-quad becomes a notch, and there is no difference 
between the high frequency and low frequency gain. The 
larger the difference between the pole and zero 
frequencies, the greater the rejection. Figure 8 illustrates· 
the relationship between pole/zero location and gain. 

Figure 8: Varying fz and Keeping fo and Q Constant 

A 

R,O x (,,)2 -1-----___ 
R17 fo, 

R10 ... 1-___ _ 
R17 

5.3 Highpass 
For a high pass filter the zeros must be less than the 
center frequency for the poles. The pole/zero plot and 
the frequency plot are shown below. 

jw 

A 

Wo 

·u 

x 

610 Wz 

S-PLANE FREQUENCY DOMAIN 

w" 

To place the zeros ata lower frequency than the poles 

. R2R'2R'7( RS) the coefficient 1 + ---' 1+-. must be less than 
R,R"R,9 R6 

one. This can be done by removing the inverter in figure 
7, which makes the sign of R'9 negative. To place the 

zeros on the jw axis, once again R3 = R'8 . Equations for 
R, R'7 

the high pass configuration: . 

5.4 Notch 
Even though mo<;le 1c provides. a. notch output, the notch 
realized by the flexible building block ilchieves 0 dB of 
gain at DC and at high frequenCies regardless of the Q 
value. The problem with the notch in mode 1c is that 

HON, (f - 0) = HoN2 (f - fnKI2) '" V R6 
Rs + R6 

Q 
As Q increases HON1,2 must decrease otherwise the 
bandpass output node, BP pin 2 or.1~, will saturate. The 
restridion is that HOBP = 1 = -R3/R,. Let's take a simple 
case when Rs = 0, then HON" " HON2 = 1IQ. The plot 
below shows the notch for different Q's in mode lc. 

Figure 9: Mode 1c Notch. when Rs = 0 

A 

1 
Q=' o dB 

-20 d~ Q = 10-........ ~.r:;...... ____ _ 
_ •• _ .·n y 
-60dB'------------"--------_ .. 

10 1 

To realize the notch using the Flexible Building Block the 
zeros must be placed on the jw aXIs at the same resonant 

" R3 R18 
frequency as the poles. Therefore from equation 6, R = R 

. , 17 
and R'9 - 00, Settil)g R19.:et/ual'.to infinity means removing 
it from the circuit; which saves an op amp and a few 
resistors. HaBP still mu?t equalol)e; however the gain at 
DC and fCLKl2is indepimderltof Q; HONl (f - 0) = HON2 
(f - fCLKI2) '" ~R,OIRi7' Tuning R,8adjusts the depth of 
the notch. See figure 34· in the data sheet for an example. 
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5.5 Allpass Equalizer 
An allpass filter is used to linearize the filter's phase 
response. A linear phase response results in a constant 
group delay. An allpass filter keeps the gain constant and 
just shifts the phase. To keep the gain constant and only 
shift the phase, the poles and zeros must be equal but on 
opposite sides of the s-plane as shown below. 

I'" 
¥--- --iii 
I I 
I I 

I I U 
I I 
~-- -·0 

S-plane representation of 
2nd order Allpass Filter 

The Flexible Building Block can function as an all pass 
R17R3 . 

when R19 - 00 and -- = 2. The Transfer function for 
R1aR1 

the all pass is: 

5.6 Frequency Compensation 

(8) 

In some cases it is possible to improve the Q accuracy 
and minimize Q deviation by adding a capacitor (Cs) in 
parallel with Rs in figure Z This capacitor serves as 
compensation for a pole at around 2.4 MHz in the output 
of LP. The zero location should be placed at around 2.4 
MHz, where the internal pole is. Unfortunately Cs adds a 
pole as well as a zero to this branch. If this pole is too 
close to the zero, the benefit of Cs is diminished. The 
zero location is: fz = 1I27TRsCs and the pole location is: fp 
= 1I21r(Rs /I R6)CS, (Rs II R6 is the parallel equivalent 
resistance). The larger the ratio of the pole frequency to 
the zero frequency, the better this capacitor will serve. 

The highest center frequency attained is when Rs equals 
zero. (Note: Practitally speaking Rs should never be zero, 
to allow fine tuning of fo.) Unfortunately Cs cannot 
properly compensate the 2.4 MHz internal pole with a 
negligible value for Rs. To overcome this problem, 
compensation can be achieved at high frequencies using 
an op amp in the tP feedback branch as shown in 
figure 10. 

The center frequency in mode 1c is calculated by the 
following equation: 

feLK 50 
-f - = - where k = Transfer function 

o Vi< 

Application Note 4 

With a passive feedback loop using Rs and R6, k = R R6 R . 
5 + 6 

However when using the op amp configuration as in 

figure 10, k = (~) (1 + Ra ). When k = 1 the ratio is 50. 
Rs + R6 R7 

Using active feedback in mode 1c has the unique 
advantage of allowing the ratio of clock to center 
frequency to be less than 50 by setting k greater than 1. 
It is not recommended to use ratios less than 40-50, 
however this feature does allow more freedom in tuning 
the center frequency of the pole above or below the 
ratio of 50. If the circuit uses a crystal for fClK, and the 
pole needs to be tuned, Ra could be a potentiometer to 
allow tuning of the pole. For this compensation to work 

Ra should be 4-9 to provide phase lead before phase lag. 
R7 

Figure 10: Compensation Using Active Feedback for High 
Frequency Poles 

Cs = 33-66pF (Depends on board's parasitits) 
Ra = 1800n; R7 = 200 
R6 = 100n, Rs = 900n 

Using mode 1 instead of mode 1c as configured in figure 
7, is a better solution for high frequency poles; however 
there are certain cases where mode 1 cannot be used. For 
example, if one of the two bi-quads in the ML2111 is 
already used in mode 1c, then the other one must also 
operate in mode 1c. It would be less expensive to add an 
op amp to the second bi-quad of an existing ML2111 than 
to add an additional ML2111 just to use one bi-quad 
operating in mode 1. 

Figure 11a shows the Q accuracy vs. clock frequency in 
mode 1c using passive feedback for a Q approximately 
equal to 10. Q inaccuracy dramatically increases just 
beyond 100 KHz center frequency. Figure 11b shows Q 
accuracy vs. center frequency in mode 1c using active 
feedback with a DC transfer function of 1. The op amp 
used for this measurement was an AD5539, where 
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R8 = Rs = 9. This op amp is a good choice because it has 
R7 R6 . . 
a wide bandwidth, 220 MHz, and is low cost. The figure 
shows that Q deviation' does not dramatiCally increase 
until well beyond 120 KHz; therefore for higher 
frequency operation and high Q; the use of mode 1c 
with active feedback is recommended~ 

Figure 11a: Mode 1c with Passive Feedback 
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Figure 11b: Mode 1c with Active Feedback 
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Cs = 33pF; R2 = 10; Rs = 0; Rl = R3 = 20K 

6.0 Design Methodology for Complex Filters 
The previous section described how to use the Flexible 
Building Block to implement .Iowpass, highpass, notch, . 
and. allpass second order sections. Higher order filters are 
achieved by cascading these second order sections. For 
example an Elliptical notch is accomplished by cascading 
lowpass and highpass sections as shown in figure 12. 

An Elliptical bandpass is also a combination of highpass 
and lowpass sections, except for a bandpass filter the 
cutoff frequency for the highpass bi-quads are lower than 
the cutoff frequency for the lowpass. 

Figure 12: Fourth Order Elliptic Notch 

A WWPASS 
BI-QUAD 

HIGHPASS CASCADED 
BI-QUAD COMBINATION _Abd= 

~------~~--------- I 

Once the pole and zero location have been determined 
for the filter desired, the next step is to cho.ose the 
proper mode of operation and translate the center· 
frequency and Q values for each pole and zero into 
resistor values. If the pole and zero .iocations are given in" 
real and imaginary values, they can be converted to fo 
and Q by using equation Z 

For center frequencies between 0 and 20 KHz, either' 
mode 3 or mode 1c can be used. ,Sometimes mode 3 or 
mode 3a will result in a lower component count. 
However mode 3 'sHould be used with caution since high 
Qs and high parasitic capacitance on pin 4 and 17 can 
lead to oscillations, This can usually be compensated by 
using a capacitor across R4; which provides some phase 
lead, and low value resistors such as 1-2 Kohms. 

For centedrequericies between 20 to 100 KHz, where 
each pole has a different center frequency, mode 1<: 
should be used. This range can be exterided up to 
120 KHz with active compensation in the LP feedbat;k 
path as shown in figure 11b. The combination of high Qs 
(20 to 30), and high frequencies (above 80 to,. 100 KHz), 
and parasitic capacitance across R6, can lead to. 
oscillations. This can be dealt with by placing a capacitor 
Cs across Rs, or by using active compensation. 
Additionally the signal swing should be limited to about 1 
to 1.4 volts peak-to-peak. 
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For filters where fo is the same for all pole locations, such 
as Butterworth, Lowpass or Highpass. High order filters 
with cutoff frequencies up to 150 KHz can be realized 
using mode 1. In this case the signal level can be 
increased to 2.82 volts peak-to-peak. 

7.0 Design Example 

The following is an example an eighth order Elliptic 
bandpass filter with a center frequency of 90 KHz and a 
bandwidth of 19 KHz. This filter was· designed built and 
tested on its own printed circuit board. A print of the 
masks for the PCB, and a photograph of the performance 
of the filter is included at the end of this section. 

In general, high Q filters (Elliptic and Chebyshev) will 
have higher sensitivity to component and temperature 
variations and higher noise than 'low Q filters such as 
Butterworth and Bessel. ' 

a) 8th Order Elliptic Bandpass with the following Filter 
characteristics:' 

Amax: 0.5 dB (peak to peak passband ripple) 

Amin > 50 dB (stopband attenuation) 

(f" f2) Passband: 81,000 to 100,000 Hz 
(geometrically symmetric) => fe2 = f, x f2 

(fd Center: 90,000 Hz 

Stopband: 70.5 KHz to 115 KHz 

b) Obtain: I fm = 80839 Hz 

I fO,2 = 85820 Hz Poes 
f03 = 94383 Hz 

f04 ,: 100200 Hz 

! fza = 69185 Hz 

fzb = 50082 Hi 
Zeros 

f ze = ,117080 Hz 

fzd = 161733 Hz 

Q, = 30.2 

Q2 = 10.86 

Q3 = 10.86 

Q4 = 30.2 

c) After considering a few pole-zero pairing 
combinations the following (not necessarily optimum) 
combination was adopted. ' 

Section 1 
HP 

G, = .1231 

Section 2 
LP 

Section 3 
HP 

Section 4 
LP 

G2 = .488 G3 = .2474 G4 = .121 

Note: G; are the high frequency gains. (= R1O'/R17) 

Because of difficulty in solving equations first order 
equation were calculated and final values found by 
using potentiometer. 

Application Note 4 

d) Choose fCLK = highest fo = 100200 
@ 50:1 => 5010 = 5.01 MHz. Choose - 10% higher 
fCLK = 5.5 MHz. It's better to choose a slightly larger 
fCLK to be able to adjust Rs. 

e) Design Procedure. 

f) 

Section 1. *) Want a ratio = 5.5 MHz == 68 = R 
80839 Hz t 

H s Rs 
in Mode 1c Rt = 50 x 1 +- => 1 +- = 1.8516 

R6 R6 
Assume Rs + R6 = 1000 0 

then 1 + Rs = 1000 = 1.8516 
R6 R6 

=> R6 == 5400 (fixed R) 
=> [Rs = R6 (1.8516 - 1) == 460 0] [1000 0 trim pot] 

*) Want Q = 30.2 use following approximation: 

Q V1 + Rs (Note) 
R3 R6 R = ; where fx = 2.4 MHz 

2 1 + Q(fo/fx) (internal pole) 

== 20.4 => assume R2 = 2000 0 
and R3 = 40.7 KO (100 K trim pot) 
and initially assume R, = R3 = 40.7 KO 

*) Zero. Use the following approximation. 

fza = 69185 Hz 

1 - (69185/80839)2 
= 2.89 

1120 x 1.8516 R2 (1 + RS) 
R, R6 

Since R'9 loads the LP output then assume R'9> 50000. 
Also since later we will fine tune the gains this 
relationship will slightly change. Thus, initially assume 
a higher R'7 which can be change later if needed. 

Choose R'7 ~ 30 KO (fixed R) 
and R'9 = 10 KO (20 KO trim pot) 
choose R'8 = R'7 (initially) 
and R,o = R'7 x G, = 30K x .123 = 3690 0 (fixed R) 

(Note: This is a first order approximation that underestimates 
the value of Q, whose final value will be tuned in later in the 
breadboard stage.) 

1, By looking at the bandpass output adjust Rs until 
the peak frequency is fo, in this case 80839 Hz 

2. Then adjust R3 until Q= 30.2 

3. Then change R, until the peak of the bandpass or 
low pass output (larger of the two) is about 0 dB. 
R, does not need to be a trim pot. 

4. Now by looking at the,output of the section adjust 
R'9 to place the zero at the correct frequency (in' 
this case 69185 Hz) 
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5. Adjust R18 to obtain a deeper notch. Sometimes 
R18 is not needed at all and can be rem oiled from 
the circuit. 

6. Check the high frequency" gain so that it is 
G1 = .1231 

7. Design the rest of the sections the same way 

8. Keep R10 of first section as a trim pot to slightly 
trim gain of the whole filter (if important in the 
application). 

For this design these are the final values: 

Sedion 1. 

R1 = 94.5 KO 
R2 = 2 KO 
R3 = 66.2 KO (100 K pot) 
Rs = 452 n (1 KO pot) 
R6=5400 

Section 2. 

R1 = 65 KO 
R2 = 2 KO 
R3 = 4Z4 KO (100 K pot) 
Rs = 170 n (500 0 pot) 
R6 =830n 

Section 3. 

R1 = 31.5 KO 
R2 = 2 KO 
R3 = 23.3 KO (50 K pot) 
Rs = 389 0 (1 KO pot) 
R6=/i000 

Section 4. 

Rl = 25 KO 
R2 = 2000 0 
R3 = 21.4 KO (50 K pot) 
Rs = 279 0 (500 0 pot) 
R6=7320 

R10 =3.83 KO 
R17 = 32.4 KO 
R18 = 15 KO° 
R19 = 4.65 KO 
HLP PEAK = 1.1512 (+1.22 dB) 
HBP PEAK = .846 (-1.45 dB) 

R10 = 14.34 KO 
R17 = 28.7 KO 
R18 = 00 

R19 = 2.9 KO 
HLP PEAK = 1.12 (+.984 dB) 
HBP PEAK = .972 (-.247 dB) 

Rl0 = 9.05 KO 
R17 = 40 KO 
R18 = 16.86 KO 
R19 = 6.35 KO 
HLP PEAK = 1.074 (+.62 dB) 
HBP PEAK = .834 (-1.58 dB) 

R10 = 12 KO 
R17 = 99.97 KO 
R18 = 00 

R19 = 6 KO 
HLP PEAK = 1.12 (+.924 dB) 
HBP PEAK = .953 ( .. :.418 dB) 

Note: All R's are 1% metal film 1I4W 
Trim pots are 2S turns. 112W 

When placing resistors in and out of the Ml2111 filter 
circuit, specifically R3, the filter 'will osCillate at fo due to 
the Q going to infinity. Also when designing high 
frequency high Q filters, such as fo = 100 KHz and Q = 30 
like pole #4, high voltage swings may cause nonlinear 
operation provoking oscillations. Changing fCLK 
momentarily to a much lower value will restore the filter 
to a stable linear operation. Thus it is important for high 
frequency, high Q filters to limit the input signal swing to 
about 500 .. 700 mY peak. 

7.1 Performance Measurements, Schematics 
and PCB Layout 
Figure 13: Frequency Response ofEighth Order 

Elliptic Fiher. ' 

The center frequency is at 90 KHz with the lower cutoff 
at 81 KHz and the upper cutoff at 100 KHz. The stopband 
is down -55 dB at 70.5 KHz and 115 KHz. 

Figure 14: Passband of Filter Showing 0.5 dB Ripple. 
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Figure 15: Group Delay. 

A constant group delay can be achieved by adding all pass 
equalizer sections to this filter. 

Application Note 4 

Figure 16: Power Spectral Density of the Noise 

NQISE SPECTRAL DENSITY 
4E-OS 

4E-OS 

lE-OS 

lE-oS .. 2E-oS i 
~ 2E-oS 

I , 
8 2E-oS 

z 1E-oS 

8E-06 

4E-C16 

I 
I 

1 
OE-HlO 

1000 36600 72200 107800 143400 179000 
18800 54400 90000 125600 161200 

FREQUENCY (Hz) 

This plot shows that the pole/zero pairing and order of 
the bi-quad sections chosen was not optimum as far as 
noise is concerned. The plot shows that the upper band 
edge of noise is higher than the lower band edge. A 
different combination of pole/zero pairing and order 
pairing would have yielded a flatter noise response and 
possibly a lower noise value; which would have then 
improved the SIN ratio. The current design yields SIN of 
about 40 dB assuming a noise bandwidth from 1 KHz to 
179 KHz. Input voltage = 353 mV,ms' output noise voltage 
= 3.14 mVrms. 
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Figure l8a: PCB Layout Component Side 

(01 C·I 
(;) 

:·1 

Figure l8b: PCB Layout Solder Side 
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ML2111 Application Board Parts List 

Part # Value Note Part # Value Note 

Resistors Resistors (Continued) 

R1A 1 KQ R210B 12 KO 
R2A 500 Q R211B 5 KO 
R3A 1 KQ R212B 5 KO 
R4A 1 KQ R214B 2.5 KO 
R5A 500 Q R21B 25 KO 
R6A 1 KQ R22B' 2 KO 
R11A 94.5 KG R23B 21.4 KO 50 KO Pot 
R12A 2KO, 'R25B .' 279 0 5000 Pot"" 
R13A 66;2 KO 100 KO PQt R26B 732!l 
R15A 452 0 1 KOPot"" R27B 100 KQ 
R16A 540 n 
R17A )24 KO 
R18A 1~ KO 
R19A 4.65 KO 10 KO Pot" 

R28B OPEN 
" ,R29B 6 KO 100 K Pot* 

" Capacitors 

R110A 3.83 KO 10 KO Pot" C15A OPEN 
R111A OPEN C25A OPEN 
R112A OPEN 
R114A OPEN 

C15B OPEN 
C25B OPEN 

RAA 1000 C1 100/lF bypass, 
RAB 1000 C3 100/lF bypass 

R210A 14.3 KO 
R211A 5 KO 
R212A 5 KO 
R214A 2.5 KO 
R21A 65 KO 

C4 0.1 JlF bypa~s 
C5 0.1 JlF bypass 
C6 0.1 JlF U1 bypass 
C7 0.01 /IF U1 bypass 
C8 0.1/lF U1 bypass 
C9 0.01 /IF U1 bypass 

R22A 2 KO C10 OPEN U2 bypass 
R23A 4Z4 KO 100 KO Pot C12 OPEN U2 bypass 
R25A 1700 500 0 Pot"" C13 OPEN U2 bypass 
R26A ," 830 n 
R27A 28.7 KO 

C14 OPEN U2 bypass 
C16 0.1 /IF U3 bypass 

R28A OPEN C17 0.01 /IF U3 bypass 
R29A 2.9 KO '.10 KO Pot· C18 0.1 /IF U3 bypass 

R1B 1 KO "; 
, 

R2B 5Q() n 
R3B 1 KO 
R4B '1 KO 
R5B SOOn' 
R6B 1 KQ 
R110B 9.05'1<0 
R111B 'OP,EN , 

" R112B OPEN 
R114B OPEN 
R11B 31.5 KO 
R12B 2KO 
RUB 2:l3KO 50 KO Pot 
R15B 3890 1 KQ Pot"" 
R16B 600 0 
R17B 40 KO 
R18B 16.86KO 
R19B 

" 
~.35 KO 50 KO Pot" 

C19 O.01/lF U3 bypass 
C20 0.1 fJF U4 bypass 
C21, O.01/lF U4 bypass 
C22 0.1 /IF U4 bypass 
C23 O.OUiF U4 bypass 
C24 0.1/lF U5 bypass 
Ci6 0.01 /IF U5 bypass 
e27 0.1/lF U5 bypass 
C28 0.01 /IF U5 bypass 
C29 0.1/lF U6pypass 
C30 , 0.01 /IF U6bYP<lss 
C31 0.1 /IF U6 bypass 
C32 0.01 /IF 'U6 byp<lss 

;C33 OPEN " U7 bypass 
(:34 OPEN U7 bypijsS 
C35 OPEN U7 bypass 
C36 OPEN U7 bypass 
C37 " 0.1/lF U8 bypass 
C38 O.01/lF U8 bypass 
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ML2111 Application Board Parts List (Continued) 

Part # Value Note Part # Value Note 

Capacitors (Continued) ICs 

C39 0.1 JlF U8 bypass Ul ML2111CCP 
C40 0.01 JlF U8 bypass U2 OPEN 
C41 0.1 JlF U9 bypass U3 LM318H 
C42 0.01 JlF U9 bypass U4 LM318H 
C43 0.1 JlF U9 bypass US LM318H 
C44 0.01 JlF U9 bypass U6 ML2111CCP 
C4S 0.1 JlF Ul0 bypass U7 OPEN 
C46 0.01 JlF Ul0 bypass U8 LM318H 
C47 0.1 JlF Ul0 bypass U9 LM318H 
C48 0.01 JlF Ul0 bypass Ul0 LM318H 

Jumpers Miscellaneous 

J1A IN 20 scope probe sockets 
J2A OUT 3 BNC connectors 
J1B IN 3 female banana plugs 
J2B OUT 2 20 pin low profile sockets 

• Gain and zero frequency adjustment. May not be needed if application can tolerate slight variations in stop band . 
•• R5 - In most cases R5 can be replaced by a 1% resistor after trimming has been done. 
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Appendix A. flexible Building Block .summary 
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Appendix B. Derivation of Flexible Building Block Transfer Function 

V _ VBP c.Jl 
lP- --

5 

10-32 

f = fClK 21T 
1 50 

fo = V R6 fClK 21T 
Rs+R6 50 

w = 27Tf 
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Application Note 5 

ML2200, ML2208 Software Driver 

1.0 Introduction 
This application note presents a very simple software 
driver for the Ml2200/Ml2208 Data Acquisition 
Peripheral. As mentioned in the data sheet, under 
section 6.0 "Methods of Data Transfer to the 
Microprocessor'; there are several ways to handle the 
AID converted data output from the Ml2200/Ml2208; 
1) Data on Demand, 2) Polling; 3) Interrupt, or 4) DMA. 
This application note presents a driver for Data on 
Demand. 

An application using Data on Demand requires the 
AID converted data at arbitrary times, as opposed to 
the other three methods of data transfer which 
requires the microprocessor to periodically. read the 
data. The Ml2200/Ml2208 operating in a Data on 
Demand mode is not running continuously. Data on 
Demand would be more characteristic of a data 

Initialization Mode (Power-On Initialization) 

1) Power on 
2) Write (40H) to Control Register 
3) Write (80H) to Control Register 
4) Wait 16,520 external clocks 
5) Read Status Register 
6) Is ClCP = 1, Yes: continue, No: go back to step 5 
7) Write (40H) to Interrupt Acknowledge Register 
-) Call (Self Calibration Diagnostic Module) 

8) Write (88H) to Index Register 
9) Write (08H) Window High Reg 
10) Write (26H) Window low Reg 
11) Write (01H) Window High Reg 
12) Write (26H) Window low Reg 
13) Write (02H) Window High Reg 
14) Write (26H) Window low Reg 
15) Write (03H) Window High Reg 
16) Write (26H) Window low Reg 
17) Write (04H) Window High Reg 
18) Write (26H) Window Low Reg 
19) Write (05H) Window High Reg 
20) Write (26H) Window low Reg 
21) Write (06H) Window High Reg 
22) Write (26H) Window Low Reg 
23) Write (87H) Window High Reg 
24) Write (26H) Window low Reg 

acquisition application rather than a signal processing 
application which would need to sample a signal 
periodically in order to be able to reconstruct it. 

The driver is written in pseudo code, which is no 
particular language but should be easily translatable to 
any computer language. It is a step-by-step process of 
reading and writing values to Ml2200/Ml2208 registers. 

Four modules are covered: Initialization, Activate 
Conversion and Read Data, Self Test Diagnostic, Self 
Calibration Diagnostic, Power Down and Power Up 
Modules. Initialization covers power-up procedures 
and optionally may call Self Test and Self Calibration 
Diagnostic modules. Activate Conversion is the steady 
state module that is called each time the AID data is 
desired. Power Down and Power Up are used only if 
this capability is desired. 

; Reset 
; Set Calibration 

; ClCPAK 
; OPTIONAL 

; Use Program shown on last page figure 1 

Point to first 
instruction RAM use 
auto increment 
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25) Write (OAH) to Control Reg 

26) Write (OBH) to Control Reg 
27) Call (Self Test Diagnostic Module) 

Activate Conversion and Read Data Module 
(Called each time AID converted data is desired) 

1) Read status register 
2) Is ISQ = 1? Yes: continue, No: go back to step 1 
3) Write (10H) to Interrupt Acknowledge Reg 
4) Wait (8 x 31.4 liS = 251.2 liS) 
5) Read status register 
6) DBR = 1? Yes:' continue; No: go back to step 5 
7) Read Window Low Register save as High Byte 

R~ad Window Low Register save as Low 'Byte 
8) Go back to step 7 seven more times 
9) Return 

Self Test Diagnostic Module , 

; set MSTRbil ,so 
; that p'ulse goes out 
; each conversion and 
; put in DMA mode to 
; facilitate reading 
; data. 
; Set Run bit 
; OPTIONAL 

; end of initialization module. 

i acknowledge ISQ 

i DMA mode allows 
i JlP to read High and 
; Low bytes at same 
i address 

(Assumes the program in figure 1 is already loaded in the Instruction RAM as performed in the initialization module. 
Wheri the SLFT bit is set, the diagnostic program is the same one as shown on page 22 of the data sheet. This 
module sets the SLFT bit, starts a conversion, then checks the data for the results.) 

1) Read Control Register 
2) Or (20H) 

3) And (7FH) 
4) Write back into control register 
5) Call (ACTIVATE CONVERSION AND READ DATA MODULE) 
6) Check selftest data 

(Note: these values may not be exact'due to the potential noise in the system) 

7) Read Control Register 
8) And (5FH) 
9) Write back into control register 
10) Return 

i Set SLFTST in 
i Control Register 
i don't set CAL bit 

i Data 0 = 0 
i Data 1 = +1 
i Data2=-1 
i Data3=0 

i clear SLFT bit 
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Self Calibration Diagnostic Module 
(This can be used to verify that the part is properly calibrated. It should be called between steps 7 and 8 in the 
initialization module. This test is not necessary since each production part is fully tested before it is shipped.) 

1) Write (08H) to Index Register 
2) Write (88H) to Window High Register 
3) Write (60H) to Window low Register 
4) Write (01 H) to Control Register 
5) Read Status Register 
6) Is ISQ = 1? Yes: continue, No: go back to step 5 
7) Write (10H) to Interrupt Acknowledge Register 
8) Read Status Register 
9) Is DBR = 1? Yes: continue, No: go back to step 8 
10) Write (OOH) to Index Register 
11) Read Window low Register 
12) Is Data = OFFH? Yes: Failed Calibration, No: continue 
13) Write (OOH) to Control Register 
14) Return 

Power Down Module 

1) Read Control Register 
2) And with (7EH) 
3) Write Control Register 
4) Read Status Register and Process any conditions 
5) Write (OFFH) to Interrupt Acknowledge Register 
6) POWER DOWN (PDN pin goes low) 
7) Return 

Power Up Module (Coming from a Power Down State) 

1) POWER UP (pDN pin goes high) 
2) Wait (10 msec)' 
3) Read Control Register 
4) Or with (OlH) 
5) And with (7FH) 
6) Write to c:ontrol Register 
7) Return 

last AlRMEN Mode 

SEQO 0 0 Intra Sequence 
Pause 

SEQl 0 0 Immed Execute 

SEQ2 0 0 Immed Execute 

SEQ3 0 0 Immed Execute 

SEQ4 0 0 Immed Execute 

SEQ5 0 0 Immed Execute 

SEQ6 0 0 Immed Execute 

SEQ7 0 Immed Execute 

; Point to the first 
; Instruction 
; load with RDCAl 
; Set RUN bit 
; Wait for ISQ 

; Start Program 

; Wait for Data 
; Point to Data 

; Take out of Run Mode 

; Clear the Run Bit 

; Clear all Interrupt 
; Conditions 

; Set the Run Bit 

CHAN Cycle 

CHO 13 

.CHl 13 

CH2 13 

CH3 13 

CH4 13 

CHS 13 

CH6 13 

CH7 13 

Figure 1. M12208 Program Used in Driver 

'-Micro Linear-

Gain REF 
Internal 

Internal 

Internal 

Internal 

Internal 

Internal 

Internal 

Internal 
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PRIMARY 
INDEX 

REGISTER 
VALUE 

SECONDARY 

(RS4-RSO) UPPER BYTE LOWER mE . 

ADDRESS BIT 7 BIT 6 BIT 5 BIl4 BITJ BIT2 BIT 1 PITO 

READ/WRITE I 000 I D7 D6 D5 D4 D3 D2 01 DO 
WINDOW LOW R~GISTER 

READ/WRITE I 001 015 D14 013 I D12 I Dll I 010 I D9 D8 
WINDOW HIGH REGISTER 

I f 00000 ~D~I'5 ~~~D~8~D~7~~~'DO~ } ~~;!~DATA (READ) 

~ 16-BIT CAL (WRITE) 

READ/WRITE I 010 I AUTOII RS4 I RS3 I RS2 I RSI RSO 
INDEX REGISTER 

READ/WRITE LI...;o::I1:......JL...;=--L==..L.:::...:::.:.J-"=:-:'::='=~=..:...l...:.:..:=....L..=:.:...J 

READ ONLY LI ...;lOO:..:....~='-'~;.::,:.....J,..,;=..:...l"'-"'70*-'i~:,:,;t~=..L.:=.:...i--=-~ 

WRITE ONLY 1L...;100:..:....-1.-__ ======'",-,=",-,='::"::':.:o-:::=:.c:..::.:i:CC====:.J 

READ ONLY 1L,-1:.:,01'-,-,l_-'--'--'_.l-_-l._:'=.,-L:,==~=.....J..--=:;"'--'--=:......J 
A2, AI, AO SEQUENCE REGISTER 

15 

.0 *Writing this bit has no effect .0 
U "Write a zero to these bits \7 

ADDRESS read back ones DATA 

Figure 2. ML2200/Ml2208 Registers 

14 13 12 11 

----~,,~------~ 
MODE SELECT 
000 = IMEDIATE EXECUTE 
001 = INTRA SEQUENCE PAUSE 
010 = START ON NEXT TIMEOUT 
011 = PRESET TIMER/START ON 

TIMEOUT 
100= EXTERNAL SYNC/TIMER 

PRESET/TIMEOUT 
110= ILLEGAL 
111= ILLEGAL 

10 

,,~----~ 
INPUT CHANNEL SELECT 
000 = CHANNEL 0 
001 = CHANNEL 1 
010 = CHANNEL 2 
011 = CHANNEL 3 
100 = CHANNEL 4 
101 = CHANNEL 5 
110 = CHANNEL Ii 
111 = CHANNEL 7 

CYCLE SELECT 
000=16 BITS 
001 = 13 BITS 
010=8 BITS 
011 = READ CAL CODE 
111 = WRITE CAL CODE 

GAIN SELECT 
00=1 
01=2 
10=4 
11=8 

Figure 3. ML2208 Bit Map of Instruction RAM 
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16-BITTIMER VALUE 

16-BIT ALARM A VALUE 
16-BIT ALARM B VALUE 
UPPER BYTE 
8'BIT INTERRUPT ENABLE 

LOWER BYTE 
8'BIT ALARM CRITERIA 

REFERENCE SELECT 
000 = CHANNEL 0 

.001 = CHANNEL 1 
010 = CHAN NEL 2 
011 = CHANNEL 3 
100=CHANNEL4 
101 = CHANNEL 5 
110 = INTERNAL VREF 
111= ILLEGAL 
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Introduction 
Although fiberoptic technology has been an;>un.d for 
some time, its cost and the lack of standardIzatIon has 
hindered its widespread application, until recently. The 
introduction of new integrated circuits developed 
specifically for fiberoptic systems has lower~~ the 
costs, making fiberoptic links more competItIve .. 
Applications in Telephony, LANs, WANs, and pOint to 
point high speed interfaces, have helped make 
fiberoptics one of the fastest growing segments in the 
electronics market. 

Micro Linear's fiberoptic products can be used to 
implement a range of different fiberoptic interfaces. 
Data rates up to 100 Megabaud which are compatible 
with Eel or TIL are achievable using a single 5 volt 
supply. Most of the applications for these produc~s 
require bandwidths above 1MHz, where the quality of 
the interface can be compromised with a poor 
implementation. With this in mind, having a thorough 
understanding of fiberoptics will significantly contribute 
to the success of a circuit design. This application note 
will address the transmit and receive circuits, some 
important PC board layout techniques, and will 
conclude with a sample circuit and board layout. 

Fiberoptics 
Fiberoptic' systems have several key advantages ov~r , 
their wire equivalents, which account for the continued 
effort to make them practical in more applications. The 
most significant advantage is the low level of attenuation 

DATA 

r-----, 
I I 

FIBER 

July 1992 
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Fiberoptics 

seen with high frequency signals. This feature allows a 
higher degree of multiplexing than is achievab.le using 
wire. This is exactly what is needed for long dIstance 
telephone lines and computer networks. Other 
attractive features include a lack of RFI radiation and a 
low sensitivity to EMI noise. These characteristics make 
it easier to meet FCC regulations and increase the 
security of data transmissions. 

In a fiberoptic system (figure 1) digital data is coded 
into a serial bit stream represented by bursts of light 
from a laser diode or lED. This light is channeled by 
the fiber to a PIN photodiode at the receiver which is 
sensitive to the frequency of the light transmitted. 
Because light effects the reverse current flow through 
a PIN photodiode, a transimpedance amplifier is 
required to convert this current to a voltage and boost 
the low level signal to something usable. A quantizing 
circuit usually follows because variable fiber lengths 
and conditions will distort the signal. The Quantizer 
squares the signal and conforms to standard interface 
levels (ECl or TIL). 

Fiberoptics is not a perfect interface, though. The 
signal level can be attenuated by insertion loss at the 
transmitter and receiver, connector loss, and 
transmission loss. These losses limit the maximum 
length of the fiber and affect the requirements of the 
transmitter and receiver. In order to accommodate a 
worst case situation, a flux budget should be 
developed so that minimum circuit performance levels 
can be ascertained. 

1--------, 
I I 
I I DATA CLOCK .... 1 

I-1 ~ _____ (I I::::: QUANTIZER DATA 
DECODER 

L ____ ~_J I - I 
L ________ -..1 

CLOCK 

/' ./ 
TRANSMITIER CIRCUITRY RECEIVER CIRCUITRY 

Figure 1. 
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Defining a/lux. Budget. 

10 log (IPr) = aoL + arc + aCR + nacc + aM 
IPR 

A fll'l~ budget is a mathematical representation of the 
optical. power in a fiberoptic system. It accounts for 
connector losses, attenuation due to fiber length, and a 
safety margin defined by the designer. Defining this 
budget is one of the first things that should be done 

. when designing a fiberopti~ link. 

Each of the terms is defined as follows: 

IPr is the flux (p.W) available from the transmitter 
IPR is the flux (p.W) required by the receiver 
ao is the fiber attenuation constant (dB/km) 
L is the fiber length (km) 
arc is the transmitter-to-fiber coupling loss (dB) 
acc is the fiber-to-fiber loss (dB) for in-line connectors 
n is the number of in-line connectors 
aCR is the fiber-to-receiver coupling loss (dB) 
aM is the safety margin (dB) 

A graphical representation of the flux budget is shown 
in figure 2. Option (a) depicts the use of in-line 
connectors. Option (b) is without them. 

16 aTC - INSERTION LOSS, TRANSMlmR 

f14 aCR - INSERTION LOSS, RECEIVER 
I E8 12 
~ I 10 . aCC - IN-LINE CONNECTOR LOSS 

f3 8 .. "" 
.S! ~ 6 

::~= 4rl'I ,+1 I"f/~=-~~~ 
"2 1 1 

1 I 
0',J~.,.9 

aTC aCR aCC L - FIBfROPTIC LENGTH - METERS 

Figure 2. 

To keep power consumption at a minimum; the 
appropriate starting point is the minimum acceptable 
signal level at the receiver. This minimum received 
power level, summed with several interface losses gives 
the minimum output power of the LED. If the fiber 
length can vary in a given system then the dynamic 
range of the receiver is important and the maximum 
received power must also be calculated. 

Dynamic Range 

The dynamic range of the receiver must be large 
enough to accommodate all the variables a system may 
present. Figure 3 shows an example dynamic range 
calculation for transmission distances ranging from 10 
meters to 1000 meters with 12.5dB/km cable, and up to 
two in-line connectors. 

aLED = LED output variation 
aLOC = LED driver variation 
aoL = 1km x 12.SdB/km 
nacc = 2 x 2dB 
aM 
Thermal Variations 

Dynamic Range 

= 7.0dB 
= 2.2dB 
= 12.5dB 

4.0dB 
= 3.0dB 
= 1.0dB 

29.7dB 

Figure 3. 

The Circuit Design 

The combination of low receiver input sensitivity with 
significant dynamic range· requires the receiver to have 
two important features: amplitude control and AC 
coupling . 

An offset voltage in the receiver will reduce its 
sensitivity by not allowing low level signals to trigger 
the digital OlJtput circuit. The circuit in figure 4 
contains both AC coupling between the 
transimpedance and limiting amplifiers, and a DC 
restoration loop around the limiting amplifiers. These 
two features keep the offset voltage through the 
receiver to an absolute minimum, thus maximizing 
sensitivity. 

~ Lt>rt-...c,. ___ -tLl
..,.Mo::lT_IN_G_AM_P ____ -1I--i 

COMPARATOR 

TIL DATA OUT 

FIITER 

Figure 4. 
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In order to handle a wide dynamic range, like 50dB, 
special attention must be given to the receiver circuit 
design. Applying a large input signal to a typical 
amplifier can cause the transistors in the signal path to 
saturate resulting in pulse width distortion and 
reduced bandwidth. Some technique of controlling the 
amplitude must be incorporated in order to protect 
the signal integrity. 

Amplitude control can be achieved with either an AGC 
circuit or with the use of limiting amplifiers. An AGC 
circuit keeps the transistors out of saturation by 
reducing the gain of the circuit as the signal amplitude 
increases. A limiting amplifier simply limits the signal 
amplitude to a point before saturation. This technique 
results in a simpler, higher bandwidth design and so 
was chosen by Micro Linear. 

Data Format 

The data format is important since it affects the 
bandwidth and duty cycle which the interface must 
accomodate. There are many ways to code data in a 
serial format. Some codes allow unlimited consecutive 
symbols while others do not. Those that do not are 
called Run-Length-Limited (RLL) codes. A fiberoptic 
interface which incorporates AC coupling to increase 
sensitivity can only pass RLL type codes. The particular 
run-length-limited code chosen must be considered 
carefully since it will affect the bandwidth of the 
system.· 

Manchester code is popular in AC coupled systems 
because it has a 50% duty cycle and can be encoded 
and decoded with relatively simple circuits. In 
Manchester code two symbols are used for each bit 
transmitted. This doubles the fundamental frequency 
which the interface must handle. A more efficient RLL 
code is 4B5B. This code uses 5 symbols to send 4 bits. 
This represents an increase in efficiency from 50% 
(Manchester) to 80% (4B5B). A fiberoptic interface which 
will transmit 40 Megabits per second using 4B5B coding 
must accomodate 50 Megabaud (symbols per second). 
Since there are always 2 symbols per cycle the 
minimum system bandwidth is 25 Megahertz. If 
Manchester code was used to transmit 40 Megabits per 
second the interface would have to handle 80 
Megabaud or a minium bandwidth of 40 Megahertz. 

Bandwidth 

From the example just described you can see how the 
code chosen effects the minimum bandwidth of the 
fiberoptic interface to be designed. The optimum 
system bandwidth is actually somewhat higher though 
due to four conflicting concerns: noise, intersymbol 
interference, power, and bit error rate. 

If an interface were designed with a 3dB bandwidth 
equal to the minimum bandwidth as described above, 
level transitions would be smooth, like a sine wave. 

Application Note 6 

This is not desirable for a digital signal. Also, smooth 
rise and fall times will cause interference between 
adjacent symbols reSUlting in a distortion of the output 
signal. This is known as intersymbol interference. A 
fiberoptic interface with a higher bandwidth will have 
faster rise and fall times and less intersymbol 
interference. On the other hand, a higher bandwidth 
will increase the noise on the output signal. When you 
combine these two opposing effects with the desire for 
low power and a low BER (Bit Error Rate) (which also 
conflict), an optimum bandwidth can be derived. The 
curve in figure 5 indicates the optimum bandwidth is 
about 50% higher than the minimum bandwidth. 

RECEIVED OPTICAL POWER 
FOR CONSTANT HER 

MINIMUM 
OPTICAL POWER 
FOR SPECIFIC HER 

'--------''-----.. BANDWIDTH 
1.5 (MIN HW) 

Figure 5. 

Transmitter Design 
The light source can be either a laser diode or an LED. 
Because a laser diode has such a narrow spectrum of 
radiant light it is called a Single Mode light emitter. 
Multi Mode light emitters radiate a wider spectrum of 
light. LEOs are Multi Mode and as such suffer from a 
higher level of chromatic dispersion, caused by 
different propagation velocities for light of different 
wavelengths. This is the dominant bandwidth limiting 
factor for LED driven fiberoptic links. Light emitting 
diodes have an emission spectrum on the order of 40 
to 60nm full width at half maximum amplitude centered 
at 820nm. On the other hand, LEOs are much cheaper 
than laser diodes and can be modulated in the 100MHz 
range, making them suitable for short to medium 
distance communications such as LANs and point-to
point computer interfaces. 

LEOs are current driven devices so a current 
modulation circuit is needed to use the LED as a data 
transmitter. In applications where the data rate is less 
than 10MHz a circuit similar to figure 6 will be 
adequate to drive the LED without a significant amount 
of pulse width distortion. Unfortunately, LEOs do not 
turn on or off linearly nor are their rise and fall times 
equal. For data rates above 10MHz these characteristics 
need to be considered in order to get the best possible 
performance. 
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Figure 6. 

Two techniques which can be used to improve the 
turn-on time of an lED are "pre-bias" and "drive 
current peaking". Pre-bias is a small forward voltage 
applied to the lED in the "off" state. This voltage 
prevents the junction and parasitic cap.ac!tances}ro,~ 
discharging completely when the lED IS m the off 
state, thus reducing the amount of charge that the . 
driver must transfer to turn the emitter back on. Drive 
current peaking is a momentary increase in lED 
forward current that is provided by the driver during 
the rising and falling edges of the current pulses that 
are used to modulate the emitter. The time constant of 
this peaking circuit need~ to be equal to t~e minority 
carrier lifetime of the emitter so that the rise and fall 
times will be improved without causing excessive 
overshoot of the optical pulses. Figure 7 shows the 
problems which can result from excessive peaking. 

OPTICAL OVERSHOOT DUE TO EXCESSIVE 
PEAKING OF THE LED DRIVE CURRENT 

Figure 7. 

The circuit in figure 8 implements both the pre-bias 
and peaking techniques described above. When the 
DATA signal is low the voltage divider created by R1 
and R2 can be set-up so the voltage between R1 and R2 
is slightly less than the lED turn-on voltage. This pre
bias voltage prevents the lED capacitance from 
discharging completely which allows the lED to turn 
on faster because less time is required to completely 
charge the junction capacitance. The time to • 
completely charge the lED can be reduced fU,rther by 
increasing the amount of current flowing in the lED 

duirng turn-on. The capacitor in this circuit has the 
effect of connecting R3 in parallel with R2 for a short 
time during level transitions. This momentary condition 
allows additional current to flow through R3 and the 
lED. By matching the R3C time constant to th~ minority 
carrier lifetime of the lED, peak performance IS 

achieved. 

vee 

DATA 

Figure 8. 

lEDs are characteristically harder to turn off than to , 
turn on. This phenomenon is commonly refered to as 
the long-tailed response, and is depicted in figure 9 as 
it relates to transmitted optical power. Circuits such as 
the one .in figure 6 exhibit this problem because there 
is no low impedance path to dissipate the stored 
charge in the lED when turning off. In order .to . 
compensate for this an active pull down configuration 
should be used. For the circuit in figure 8, this can be 
achieved by using an input buffer with a totem pole 
output structure. When the DATA ~ignal. is low, .the 
lower transistor of the totem pole IS active. Actmg as a 
current sink, this device provides a low impedance path 
for the charge stored in the lED junction, reducing 
pulse-width distortion and the magnitude of the long 
tail. 

~ 1 ~ L _____ ~~~~ ____ ~~~~ ____ ~~~. 
- 0 TIME-t 

t: 
I 

11L--=_-------===--~~~ 
~ 0 

Figure 9. 
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Receiver Design 
For optimum performance the receiver needs to 
combine a wide dynamic range (about 50dB), high 
sensitivity (down to 111W), high bandwidth (50MHz) 
and compatibility with standard digital interfaces (ECl 
or TIL). Another feature which is required in some 
fiberoptic systems is a Link Monitor. This circuit 
monitors the input level and sets a flag and/or 
disables the digital output when the input falls below 
a predetermined point. 

The four major functional blocks of a receiver are the 
optical to current conversion, the current to voltage 
conversion, the analog to digital conversion, and the 
Link Monitor. A PIN photodiode and a transimpedance 
amplifier can be used to perform the first two 
functions while the third and fourth require several 
discrete standard devices and a significant amount of 
design effort or one of Micro Linear's Quantizer 
products. 

There are several manufacturers of discrete PIN 
photodiodes and transimpedance amplifiers which are 
suitable for this application. Some of these 
manufacturers offer both functions in a single module 
compatible with fiberoptic connectors. These 
modules, like the Hewlett Packard HFBR-24X6, isolate 
the most noise sensitive section of the receiver, the 
PIN photodiode to transimpedance amplifier 
connection, and protect it from outside influences. In 
addition, they are relatively low cost, and eliminate 
the need to design the fiberoptic connector hardware. 

The output of these receiver modules is a low level 
analog voltage which is directly proportional to the 
incident optical power. This signal needs to be 
amplified, squared-off, and appropriately level shifted 
(for ECl or TIL outputs). As described earlier, a 
limiting amplifier can be used in this applica~ion to 
accomodate a wide input dynamic range while 
maintaining a high bandwidth. 

Building a high speed analog to digital conversion 
circuit which must perform over a wide dynamic range 
with low offsets using off-the-shelf components is 
difficult. Furthermore, a worst case analysis may be 
impossible because some of the parameters critical to a 
fiberoptic receiver design, such as input offset and 
input referred noise are not always included in the 
discrete component specifications. The typical 
bandwidth of these devices may be known but the 
minimum is not always guaranteed, yet this is required 
for a worst case analysis. 

The Ml4621 Quantizer 
The Ml4621 Quantizer eliminates these problems by 
providing a monolithic solution. This product include.s a 
limiting amplifier front end, a comparator output section 
and a Link Monitor. The differential data path between 

Application Note 6 

the amplifier section and the comparator section is 
available to the user for filtering or wave shaping. In 
addition both ECl and TIL outputs are available, and 
the Link'Monitor peak detector can be controlled with 
an external current source or the value of the peak 
detector capacitor. 

Input Amplifier Section 

The Ml4621 has a two stage limiting amplifier with a 
DC restoration feedback loop. Figure 10 shows this 
input circuitry in detail. The two input coupling . 
capacitors C1 and C2 perform two Important functions. 
First they eliminate any offset voltage created by the 
transimpedance amplifier, and in addition. they c!ea.te a 
high pass filter at the input of the Quantlzer. This filter 
establishes the low corner frequency, fu of the 
Quantizer's 3dB bandwidth. 

f - 1 (C ~ C1 ~ C2) (1) 
l - 2rr 8000 C 

8000 represents the parallel combination of the DC bias 
setting resistors 10K and 35K. Using a 0.111F capacitor for 
C1 and Cz establishes a corner frequency at about 
200Hz. C4 and Cs control the high corner frequency, 
fH• 

fH ~ 2rr 425 C 
(C ~ C4 ~ Cs) 

425 represents the internal impedance at nodes CF1 
and CF2. Using a 20pF capacitor for C4 and Cs 
establishes a corner frequency at about 19MHz. If CF1 
and CF2 are left open the high corner frequency will 
be >50MHz for the Ml4621. Equation 2 applies when 

(2) 

2 capacitors are tied between CF1 and CF2 to the 
ground. If one capacitor is used be~~en CF1 and CF2, 
the value derived for C should be diVided by two. 

The bandwidth of the receiver, as defined by fH - fu 
can be adjusted to the particular needs of different 
systems. The high pass filter not only eliminates DC 
offsets but also reduces any low frequency power 
supply noise picked-up in the transi":1pedance amp~ifier 
and associated traces. The low pass filter reduces high 
frequency noise which directly effects the sig~al to . 
noise ratio and th us the sensitivity of the receiver. Since 
these circuits were designed for maximum bandwidth, 
some band limiting should be used as indicated in 
figure 5 to maximize sensitivity. 

Although the input is AC coupled, the offset voltage 
within the limiting amplifiers will be present at VauT+ 
and VauT-. This is represented by Vas in figure 11. In 
order to reduce this error a DC feedback loop is 
incorporated. First, the DC component of VauT+ and 
VauT- is developed through an RC filter of 25K and 
10pF. Then a difference amplifier circuit with a gain. of 
10 is used to provide a single ended signal, stored In 

C3, which can be fed back into the inverting input 
terminal. This negative feedback loop nulls the offset 
voltage, forcing Vas to be zero. 
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The limiting amplifiers have a maximum output voltage 
swing of about 700mVp_p• Since the gain of the 
amplifiers is 75, input signals greater 9mV will be 
clipped at about 2.7V and 3.4V. Typically this signal is 
connected directly to the comparator inputs. If some 
filtering or wave shaping is desired between the 
amplifier output and the comparator input, the ML4621 
should be used since these nodes are brought out to 
pins. If AC coupling is involved, the DC bias must be 
reestablished between (GND + 2V) and (Vee - 1V). Also, 
the loading on VOUT+ and VOUT- should be kept below 
3mA, and be aware that CMP+ and CMP- will sink 
about 25p.A. 

Output Comparator Section 

The ML4621 has bothECL and TTL outputs. If the EeL 
output is to be used, the power to the TTL output 
section can be removed by connecting Vee TTL and 
GND TTL to Vee. This will reduce the Vee supply 
current by 5 to 10mA. The Quantizer can be powered 
by -5.2V (Vee = OV and GND = -5.2V), which produces 
standard ECL output levels, or +5V (Vee = +5V and 
GND = OV), providing raised ECL levels. The ECL 
outputs on the ML4621 can source up to 10mA, so a 
200n load tied to -2V (below Ved can be 
accommodated. If a -2V supply is not available, 
connecting the EeL output to GND through a 510n 
resistor, and to Vee through a 330n resistor will 
provide the same voltage swing as 200n tied to -2V 
(see figure 12). 
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The output comparator is gated with the CMP ENABLE 
pin which is active low. When CMP ENABLE is high, 
ECL + is held high, EeL- is held low, and TTL OUT is 
held high. If the Quantizer is powered by +5V and 
ground then any external TTL compatible signal can be 
used to control this pin. If a -5.2V supply is used, the 
signal should be appropriately level shifted. In either 
case, the TTL LINK MON pin can be used to drive the 
CMP ENABLE pin directly. The TTL LINK MON is an 
output signal from the Minimum Signal Discriminator 
circuit providing the link Monitor function. 

link Mooitor Section 

The TTL LINK MON and EeL LINK MON pins both 
provide an output signal indicating when the input data 
signal is below a user defined acceptable level. Under 
normal operating conditions this output will be low, 
indicating the data is of acceptable amplitude. The 
voltage levels on the TTL LINK MON pin are TTL 
compatible if the power supply is +5V. With a -5.2V 
supply the ECL LINK MON output pin will provide 
single ended ECLlevels. The TTL LINK MON pin can 
also be used to drive an LED, providing a visible link 
status indicator. This pin can sink up to 10mA. 

The Minimum Signal Discriminator circuit contains a 
peak detector, a comparator, and output level shift 
circuitry (figure 13). The droop rate of the peak 
detector is: 

dV ~ IISff 

dt C6 
(3) 

MINIMUM SIGNAL DISCRIMINAIOR ,-------------------------------, 
+VOUT -VOUT 

vee vee 

I 

I 
CPEAK I 

~---------+----------~ 
C6 I I 

-=- I 

1.7K 1.7K 

L _____________________________ ~~ 

VTHADlo------I THRESHOLD 
GENERAIOR 

Figure 13. 
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The peak detector droop rate can ·be controlled 
adjusting either the value of. C6 at the CPEAK pin or IISET 
at the ISET pin. If INoM is connected to ISET; IISET will be 
125pA. The droop rate for this product can be adjusted 
with C6• The Ml4621 has these extra pins, which allows 
the user to set IISET with an external' resistor, 'REXT, tied 
between ISET arid Vee. IISET would then be: 

Vee - 0.7 
IISET = REXT + 1700 

(4) 

The output of the peak detector is a DC voltage 
proportional to half the peak-to-peak voltage between 
vouT+and vOUT-. If this signal .is larger than the 
voltage provided by the Threshold Generator circuitry 
the TIL LINK MON and ECl LINK MON pins will both 
be low. 

The Threshold Generator level shifts the reference 
voltage at vTHADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifiers. This improves the accuracy of the Link 
Monitor over temperature. The relationship betWeen 
vTHADJ and vTH (the minimum voltage at the input 
which will trigger the Link Monitor) is: 

vTHADJ = 600vTH + 0.7 (5) 

In this equation vTH is the peak value of the input 
signal. The operating range over which these equations 
apply is indicated by the graphs in figure 14. The on
chip reference voltage, vREF, can be tied directly to 

10 

8 

> 6 
.s 
i!: 
> 4 

ML4622, ML4623 

VTHADJ IV) 

Figure 14. 

vTHADJ to set the threshold level. This 2.5v low 
impedance source will set the threshold at its maximum 
allowable level as indicated in the graph. A lower 
threshold level can be set by dividing down vREF with a 
resistor string, as in figure 15. The vTHADJ voltage can 
be calculated as follows: 

R2 
vTHADJ = vREF -- (6) 

Rl + Rz 

VJHADJ 

Figure 15. 

If, for example, you were using the Ml4621 and you . 
wanted the Link Monitor to trigger when the received 
optical power went below 1pW(-30dBm), you first 
need to calculate the resultant voltage at vIN+ and vIN-. 
If you were using the HFBR-24X6 Fiberoptic Receiver 
with a responsivity of 8mv/pW, the peak-to-peak voltage 
wOrJld TIe: 

1pW x 8mv/pW = 8mvp_p (7) 

So the Link Monitor should trigger .at some point 
slightly lower than 4mv peak, say 3mY. The reference 
voltage at vTHADJ should then· be: 

vTHADJ = 600(.003). + 0.7 = 2.5v (8) 

This is a convenient value since the reference voltage 
supplied by the Quantizer, vREF, is 2.5Y. Thus, shorting 
vREF to vTHADJ on the Ml4621 will set the minimum 
input signal level at about 3mY. 

The Link Monitor has about O.4mv (peak) hysteresis 
built-in. vTHADJ in equation 5 is the high threshold 
level (the trigger point when the input voltage is rising). 
The low threshold level (the trigger point when the 
input voltage is falling) is about 0.4mv less than the 
sevels given in these equations. More hysteresis 
can be induced by connecting a resistor between 
TIL LINK MON and vTHADjcreating a positive 
feedback loop. 

A Sample Circuit 
The circuit in this section (figure 16) is a point-to-point 
fiberoptic interface designed to pass 20MBd data over 
1 kilometer of 62.5/125pm fiber cable. The main 
components are the Ml4632 lEO driver, the HFBR-1414 
LED, the HFBR-2416 Receiver, and the ML4621 
Quantizer. Choosing -30dBm for the minimum received 
optical power makes equations 7 and 8 applicable 
and allows vREF to be used to set the Link Monitor. 

Applying figure 5 to the 20MBd data rate yields an 
optimal bandwidth of about 15MHz. Using equation 2, 
the value for Cs is derived by setting fH equal to 
15MHz and solving for C. The lower corner frequency, 
fu should be chosen so that, at least, any 60Hz line 
noise is filtered out. Choosing O.lpF for C1 and C2 will 
set the lower corner at 200Hz (equation 1). 
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The only external component, left to calculate is C6-
Since the baud rate is, 20MBd, the time between peaks 
in the Link Monitor's peak detector is SOns. If no more 
than 0.1% droop is acceptable under the worst case 
conditions (when the input signal is the smallest), and 
the internal current source IISET is used, then C6 is 
calculated as follows: 

Smallest input signal = 3mV 

Gain through amplifiers = 75 

Smallest voltage at VOUT+ and VOUT- = 
3mV x 75 = 225mV 

Smallest acceptable droop voltage = 
0.1% x 225mV = 225tN 

225pV 
Slowest acceptable droop rate = -- = 4.5V/ps 

SOns 
125pA 

Smallest C6 = --- = .028pF 
4.5V/ps 

A O.lpF capacitor is a convenient acceptable value for 
this application. 

Now that the minimum received power is known, a 
flux budget can be developed for the interface, and the 
required optical power from the LED can be derived. 
Since the output power of the HFBR-1414 is specified 
out of a short length of fiber attached to the LED unit, 
no arc term is required in the flux budget. If no in-line 
connectors are used and the remaining terms are: 

(/JR = lpW 
ao = 10dB/km 
L = lkm 
aCR = 0.2dB 
aM = 3.0dB 

solving the flux budget equation for (/Jr yields: 

(/JT 
10 log - = aoL + aCR + aM 

(/JR 

(/JT 
10 log -- = 10(1) + 0.2 + 3 = 13.2dB 

lpW 

log (/JT - log 1pW = 1.32 

log (/JT + 6 = 1.32 

log (/JT = -4.68 

(/JT = 20.9pW (-16.8dBm) 

(9) 

The HFBR-1414 has a minimum Peak Output Optical 
Power of 31.6pW (-15dBm) when coupled to a 
62.S/125pm fiber cable, and when a forward current (IF) 
of 60mA is applied. Since the optical output power vs. 
forward current relationship of the LED is approximately 
linear, the forward current required to get the 
minimum output power, 31.6pW, can be calculated as 
follows: 

20.9pW 
---x 60mA = 40mA 
31.6pW 

(10) 
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To program the ML4632 RTSET can vary from 12 to 
30 ohm. This will allow and drive current of 40mA to 
100mA. For more detailed information refer to the 
ML4632 Data Sheet. 

Now, to make sure there is no chance of saturating the 
receiver with too much power, a dynamic range 
calculation is in order. Since there are no in-line 
connectors and the cable length is fixed, the only 
dynamic range components are the thermal variations 
(ar), the user defined system margin (aM), the LED 
output power tolerance (aLED), and the LED drive circuit 
tolerance (aLOe): " 

100 
- (-12dBm) 
60 

aLOe = 10 log = 3.97dB (11) 
40 
- (-12dBm) 
60 

-9dBm 
aLED = 10 log --- = 7.0dB 

-16dBm 

aLOe 
aLED 
aM 
aT 

Dynamic Range: 

= 3.97dB 
7.0dB 

= 3.0dB 
= 1.0dB 

14.98dB 

(12) 

So the maximum input power (QJTMAX) the HFBR-2416 
Receiver will see is: 

l/lrMAX 
10 log -- = 14.98dB 

1p.W 

QJTMAX = 31.47p.W 

This is well below the 150p.W maximum spec for the 
HFBR-2416, and the resultant output voltage is 

(13) 

31.47p.W x 8mV/p.W = 251.76mVp_p (14) 

This is well below the 1.4V maximum input voltage of 
the ML4621. 

The Board Layout 
Refer to Application Note 15. 
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1.0 Introduction 

If the four channel differential input multiplexer on the 
ML2200 is insufficient for your application, it can be 
expanded using one of three methods described in 
this document. An expanded input multiplexer will 
greatly enhance the processing power of the ML2200 
but will restrict some of its flexibility. The limitations of 
each circuit are discussed at the end of this application 
note. 

The first circuit controls up to 64 differential inputs but 
restricts the ML2200 to always run eight operations. 
The second circuit controls up to 128 single ended 
inputs and again restricts the ML2200 to always run 
eight operations. The third circuit is limited to eight 
differential inputs but is fully programmable in the 
number of operations. Each circuit is fully 
synchronized with the ML2200 and can be built with 
off-the-shelf components. 

Although this application note discusses only the 
ML2200, the ML2208 can be used as well. Only minor 
operational issues within the ML2208 are affected. 

2.0 General Theory of Operation 

An external counter (74LS163) is used to control the 
additional multiplexer devices (DG506 or DG507). The 
counter is incremented by the SYNC pin of the 
ML2200, which must be programmed as an output. 
The SYNC pin is suitable for this purpose since it 
always signifies the start of a new operation. 

Synchronization with the ML2200 is achieved by 
utilizing the DBR pin to load input channel #1 into the 
counter. Since the DBR signal comes out after the 
sequence of operations are complete and the next 
sequence is started, it is too late to correctly 
synchronize the counter prior to the beginning of the 
next sequence. Synchronizing on the "1" count, 
however, will always reset the counter to the proper 
value if synchronization is ever lost. 

Due to the above described behavior, a "boundry" 
problem exists in the very first sequence of operations 
and the first operation of the second sequence after 
the chip is started. In order to get out of this problem, 
the RUN bit of the control register is decoded and 
duplicated in these circuits. The RESET signal is also 
brought in. These signals force the counter to 
predetermined states and relieves the "boundry" 
problem. 

September 1989 
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Expanding the ML2200 
Input Multiplexer 

3.0 A 64·Channel Differential Input Circuit 

This circuit, shown in figure 1, provides up to 64 
additional input channels. Two 74LS163 counters, US 
and U6, are used to develop the address for each 
channel. Only 6 of the 8 available counter bits are 
needed to control the channel selection. The 3 LSBs 
are used to drive the multiplexer (DG507) address bus 
and the 3 MSBs are decoded and used to drive each 
multiplexer's enable pin. A 74LS138 (U7) is used to 
decode the MSBs, providing control for 8 multiplexer 
chips. The 2 unused counter bits could be used to 
address additional multiplexers, providing control for 
up to 256 channels. 

A D-type flip-flop (U4A, 74LS74) is used to reset both 
counters whenever the ML2200 is reset or not in RUN 
mode. This is accomplished by presenting an active 
low signal at the synchronous clear inputs of the 
counters whenever either the RESET or HALT condition 
exists. When the ML2200 is placed in RUN mode, the 
first SYNC pulse resets the counters to zero instead of 
incrementing them. At the same time, the first SYNC 
pulse clears the resetting condition by clearing the 
flip-flop. 

The other flip-flop in this circuit, U4B, is used to trap 
the 0 to 1 transition of the DBR signal. This transition 
causes the output of U4B to go low, which sets up the 
counters for a load cycle. The next SYNC pulse (which 
should correspond to the first operation of the 
ML2200) will then load the counter with a "1'; forcing 
the counters to be synchronized to the sequence. As 
before, the same pulse that performs the load 
operation also clears the load operation. 

U1 (74LS138) and U2 (74LS379) form the logic that 
decodes the RUN bit from the microprocessor bus to 
develop one of the conditions that resets the counters. 
U1 simply decodes the address of the control register 
within the ML2200 and U2 latches the status of the 
RUN bit. 

This circuit requires operations to be done in groups 
of eight and each operation within the group must 
have the same characteristics. 
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4.0 A 128-Channel Single Ended Input Circuit 

This circuit, shown in figure 2, is identical to the 
differential circuit with three exceptions: 

1. Four address bits are used to drive each multiplexer, 
since each multiplexer chip now contains 16 
channels instead of B. 

2. The decoder chip (U7) is shifted one bit up on the 
counter output. This makes room for the extra bit 
needed for multiplexer addressing. 

3. DG506 mUltiplexers are used because this is a single 
ended application. 

This circuit requires operations to be done in groups of 
eight and each operation within the group must have 
the same characteristics. 

5.0 An 8-Channel Diferrential Input Circuit 

This circuit, shown in figure 3, is very similar to the two 
previous circuits. It still uses two D-type flip-flops to 
load and reset the counters. The difference here is that 
register U7 (74lS379) is provided at address location 6 
within the B byte Ml2200 address space and is used to 
store a count equal to the number of operations 
programmed by the microprocessor in the M12200. 

Application Note 7 

Address location 6 and 7 are spare locations within the 
Ml2200 address space. A 74lSB5 (UB) four bit 
comparator is used to reset the counter to zero when 
the maximum count is reached. A single DG507 
provides the eight input channels. 

This circuit is not restricted to performing operations in 
groups of eight. Each channel can be programmed and 
initiated individually. This flexibility is maintained at the 
expense of limiting the number of differential inputs to 
eight. 

6.0 Circuit Limitations 

In order to maintain synchronization with the Ml2200, 
these circuits contain several inherent limitations which 
are described below: 

1. The SYNC pin is limited to use as an output. 

2. These designs allow less settling time for external 
input circuits, such as instrumentation amplifiers, 
than otherwise would be possible. 

3. The capability to do random reference selection is 
lost. 

4. The capability to do random input channel selection 
is lost. Input channels must be scanned sequentially. 
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'-Micro Linear 

Harlan Ohara 

1.0 Introduction 

Micro Linear has frequently used a one pin oscillator 
design in its CMOS chips. The concept of a one pin 
oscillator may seem peculiar to some at first, but the 
design topology has been around for many years, 
dating back to vacuum tube days. This topology is 
shown in Figure 1 and is commonly known as the 
Colpitts oscillator. The only difference compared to 
previous implementations is that an MOS transistor is 
used as the active element. 

vee 

IBIAS 

1 
I 

I-I VBIAS 

Figore 1. 

There are two important advantages to using this 
particular topology versus the more common two pin 
design (which is called a Pierce oscillator): 

1. Only one pin is required, leaving the extra pin for 
maximum functionality. This is increasingly important 
as chips become more complex in function. 

2. No external components are usually required except 
for the crystal. If extremely high frequency accuracy 
is required, then an external capacitor in parallel 
with the crystal can be used to trim the frequency. 

All is not free, however, there are some disadvantages: 

1. This design is less tolerant of external parasitics to 
ground than the two pin design. This is not usually 
a problem since the designs used in Micro Linear's 
circuits have been provided with sufficient margin 
to handle typical printed circuit board parasitics. 
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2. Flexibility in terms of user adjustment of design 
parameters is less in this design. Again, this is not 
seen to be a problem for two reasons: 

a) Board level designers rarely adjust the two pin 
design parameters. 

b) Enough margin is provided so that adjustment is 
not needed. 

2.0 Theory of Operation 

Exact circuit analysis of the oscillator is a complex 
procedure for several reasons: 

1. In a practical design situation, the system equations 
are a minimum of 5th order. Exact hand calculations 
are difficult at best. 

2. Final oscillation conditions are not only based on 
small signal analysis, but very dependent on large 
signal non-linear situations. 

3. The crystal model is generally a simple case in small 
signal analysis but element parameters can change 
with excitation level. 

In this section, no attempt is made to provide a 
complete exact analysis. An alternate approach is taken 
in which hand calculations can closely approximate the 
small signal solution. This approach is also much more 
heuristically satisfying in that effects of design 
parameter changes can be seen without applying a lot 
of math. This also serves to provide the user with a 
way to calculate an approximate frequency of 
oscillation if more exact frequency tolerances are 
required other than just plugging the crystal in. 

For the more technically inclined, an exact small signal 
sample design procedure is presented in Appendix A 
using the MathCAD™ program on an IBM-compatible 
Pc. This is possible due to the presence of a root 
solver capability in MathCAD. Users of HP calculators 
or numerical analysis computer programs can also 
perform this analysis. Appendix B contains an example 
procedure to estimate final oscillation amplitude while 
Appendix C goes through the procedure to calculate 
the closed loop root locus plot which is then used to 
estimate oscillator startup time. 
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2.1 Crystal Model 
The typical crystal model is shown below: 

carT 

La 
cc 

RO 

Figure 2. 

Typical values for the 12.352 megahertz crystal used in 
some of Micro Linear's telecom chips are: 

Lo := 8.005814 • 10-3 henries 
Cc := 5.10 . 10-12 farad 
Co := 20.7558 ' 10-15 farad 
Ro := 15 ohms 

The admittance of the crystal is: 

YXTds):= Cc' s+ 1 
Lo's+-- + Ro 

Co's 

Plot 50 points versus frequency: 

x:=1 .. 50 

Define radian frequency values: 

Wx := 12.346 ' 106 • 2 ' 1T + X ' 120 

Plot real (resistive) part: 

300 

I'\. 

""r--
1.2346 . 107 

Plot susceptance: 

0.04 

-
IM[Yxn[i' w,n 

-0.04 
1.2346 . 107 

~ t--

~ 
2'" 

Figure 3, 

l.----~ 
\ 

wx 
2:ri 

Figure 4. 

-V 
1.2347 .. 107 

1\ 
'---1.2347 . 107 
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Note that at the series resonance frequency of: 
1 

2 ~C = 1.2346608 . 107Hz 
'1T'V LO'\"O 

the susceptance is zero and the resistance is: Ro = 15. 

Oscillators that operate the crystal in the series mode 
use this characteristic as part of a feedback loop in 
which the loop gain is maximum at this frequency. 
Above this frequency the susceptance is inductive. 
Oscillators such as this one-pin design (and the two-pin 
Pierce) operate the crystal in the parallel mode, "using 
it as an inductor:' 

2.2 Simplified Hand Calculation of loop Gain: 
In this section, a simplified (but approximate) method of 
calculating the loop gain is shown. This method also 
demonstrates in a more heuristic way how loading 
affects the oscillator and how one may choose the 
crystal characteristics, especially the series resistance Ro. 
The calculation for the approximate frequency of 
oscillation is also shown. This calculation is quite 
accurate. 

Before we proceed with the calculations. two general 
principles will be presented that are used to make the 
calculations. Derivations of these principles can be 
found in reference [1]: 

1. In Figure 5, it is seen that an RLC circuit with series 
loss can be represented by a circuit with parallel loss 
(resistance). This applies when the circuit Q is high 
(>10). 

c ..... ----'.~ c 

REQ = Q2, 

Q<lO 

Figure 5, 

2. In Figure 6, an RLC circuit with series capacitors can 
be classified as a "parallel resonant transformer" 
circuit. Again, this is accurate only when the Q is 
high (this is easily satisfied with crystal circuits, with 
Q's in the ten to hundreds of thousands). In this 
case, the two capacitors act like a transformer with a 
turns ratio of: 

n ·-~ '-C1 +C2 

Hence any resistance can be reflected by the square of 
the turns ratio. 
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Figure 6. 

Using principle 1) from above, we can construct a 
crystal model' which has a parallel loss element: 

Figure 7. 

n= 

In Figure 9 the MOS transistor has now been replaced 

c, 
c, by. its small signal equivalent circuit. In this instance, gm 
~ is the small signal transconductance of the transistor 

and is set by the DC bias current. RlT is the parallel 
combination of the drain to source conductance and 
the "body bias factor" (if the source is not at the same 
potential as the bulk). Derivations of these parameters 
can be found in reference [2]. 

Cp is the parallel combination of all circuit reactive 
parasitics found at the oscillator pin, including the 
crystal case capacitance, Ceo CTOP and CBOT are on
chip capacitors with sizes chosen for a particular design 
range. 

Rp is the resistance of an on-chip DC bias resistor for 
the gate of the MOS device plus any dissipative loss 
present at the oscillator pin to ground. This is any lossy 
effects due to circuit board or socket dissipation factors 
at the frequency of oscillation. 

We now connect the crystal to the oscillator circuit. 
Note that the reflection and transformer calculations 
above must be done with all circuit capacitances taken 
into account: 

La 

Using principle 2) from above, we can now reflect the 
loss element to the crystal terminals by the "turns 
ratio:' 

CP Rp CBOT 

UE
=Ccc~co 

Co 

La . 

Cc RpXR = REQ x n2 

Figure 8. 

At this point, we should develop 'the small signal 
equivalent of the oscillator circuit: 

+ 

+ 

Rp cp CBOT RLT Vo 

Figure 9. 

= __ 1__ C = Co . CPlOT C = Co . CPlOT + C 
W() VLa' ClOT' lOT Co + CPlOT' PlOT Co + Cl"lor p 

Figure 10. 

Let us assign some typical values to the components: 

Rn := 80 . 103 ohms gm := 1.6 . 10-3 AmpslVolt 
Cp := 10 . 10-12 farad CTOP := 16 . 10-12 farad 
Rp := 100 . 103 ohms CBOT :'" 16 . 10-12 farad 

We will use the crystal values defined above with the 
exception that Cc is now included in Cp, which 
represents all capacitive parasitics present at the pin. 

The total capacitance present at the pin including CTOP 
and CBOT is: 

C '- CTOP' CBOT +C 
PTOT'- C TOP + CBOT P CPTOT = 1.8 . 10-11 

The total capacitance seen across the crystal inductance 
is: 

C '- CO' CPTOT 
TOT'-

CO + CPTOT 
CTOT 2.073 • 10-14 

10~54 'Micro Linear 



This capacitance in parallel with the crystal inductance 
just so happens to produce a resonant frequency which 
is very close to the frequency of oscillation: 

Wo = Z762 . 107 

~ = 1.2353724 . 107 

2' TT 

Note that this frequency is .014% higher than the 
specified 12.352 Megahertz. This is because this crystal 
was ground with a specified capacitive load of 18pF 
across its terminals. In our case, we only have about 
13pF. 

The circuit Q is now calculated: 

Q:= 1 
wO'RO'CTOT 

Q = 4.143 . 104 

The equivalent parallel resistance across the crystal 
inductance is now calculated using principle 1) above: 

Rpx := Q2 . Ro Rpx = 2.574 . 1010 

This is now reflected to the oscillator pin using prin-
ciple 2) above: 2 

RpXR:= Rpx' [ Co ;gPTOT 1 RpXR = 3.415 • 104 

This is now combined with the parallel resistance 
present at the oscillator pin: 

RpTOT:= 
RpXR'Rp 
RpXR + Rp 

RpTOT = 2.546 . 104 

Note that this can be reflected again through the 
"capacitive transformer" of CTOP and CBOT: 

R '-R .[ CTOP 1 PTOTR .- PTOT C TOP + CSOT 

2 

RpTOTR = 6.364 . 103 

We now combine this with the resistance present at 
the transistor source: 

RLT'RpTOTR 
RL:= RLT + RpTOTR 

RL = 5.895 . 103 

This is the load resistance. This multiplied by the trans
conductance will give us our gain up to the source of 
the transistor from the input. 

gmRL = 9.433 

Note that the input to our circuit is the voltage applied 
across the gate to source of the MOS transistor, or in 
other words, the voltage across CTOP. Using the 
"capacitive transformer principle" we can determine 
that the loop gain is: 
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~ = 9.433 

This gives us our loop gain, which hopefully is more 
than 1 to allow oscillations. Note that this compares 
favorably with the exact analysis given in Appendix A of 
9.41. 

This is a good time to pause and reflect on what the 
above analysis tells us: 

1. It is seen that the oscillation frequency depends on 
the total capacitance at the oscillator pin in series 
with the crystal capacitor Co. Since Co is very small 
(typically 10's of femto-farads) external capacitance 
has a small effect on the oscillation frequency. This 
provides a means of "tweaking" the frequency to an 
exact value with a trimmer capacitor placed from the 
oscillator pin to ground. 

2. Using the "capacitive transformer" principle, it is seen 
that large values of capaitance at the oscillator pin 
reduces the loop gain since the crystal resistance is 
now reflected into a smaller value and hence the 
product gm . RL is smaller. Oscilloscope probes can 
contribute a significant amount of parasitic and should 
be used carefully when debugging this circuit. If 
frequency trimming is employed by placing a parallel 
adjustment capacitor to ground, it must be done 
carefully so that the loop gain is not made too small. 

3. lossy components at the oscillator pin also reduces 
the product gm . RL. This is especially important at 
higher crystal frequencies, where printed circuit board 
material or socket material becomes more and more 
lossy. The value of the on-chip bias resistor varies with 
frequency from about 1MO to about 100kO (over a 1 
to 20 MHz range). Note that this is a fairly high 
impedance which is easily affected by external 
parasitics. Oscilloscope probes can be particularly 
lossy at these frequencies. 

2.3 Three More Important Criteria for 
Consideration: 

Three more important items need to be covered. These 
items mayor may not be OK even if the loop gain 
calculation is adequate (more than 1): 

1. Oscillator phase margin. 

2. Nyquist criterion. 

3. Final oscillation amplitude 

The theory for the above criteria is too lengthy to 
cover in an application note; only a brief qualitative 
explanation will be given. The reader is encouraged to 
consult references [31 [4], and [5]. The exact analysis 
given in Appendix A will cover the phase margin and 
Nyquist criterion. 

'Micro Linear 10-55 



Application Note.8 

Oscillator Phase Margin: 

Figures 11A through 11 D· in Appendix A show the open 
loop transfer characteristics of .the oscillator. 11 A shows 
the overall magnitude over a wide range of frequencies. 

The crystal characteristic is not visible since it occurs 
over a very narrow range. 11 B shows the phase 
characteristic. 

These curves show that the circuit produces a single 
pole rolloff of 6dB per decade and a final phase shift 
of 90 degress. Examining the circuit in Figure 10, we 
see that the loop transfer function starts out at 180 
degrees out of phase. This is because the output is 
developed across CBOT and the input is taken across 
CTOP' At DC, the voltage across CTOP is of opposite 
phase to that of CBOT, since the top side of CTOP has a 
DC path to ground. The single pole rolloff is primarily 
due to (but not exactly) the combination of RlT and the 
total capacitance seen at the source of the MOS 
transistor to ground. The crystal inductance combined 
with the circuit capacitances can almost provide 
another 180 degrees of phase shift. This, combined with 
the 180 degrees from the active element will provide 
ALMOST,. but not quite the 360 degrees needed for 
oscillation. This is where the single pole rolloff comes 
in. Examining 11C shows that the loop gain peaks first 
then dips. This is due to primarily a complex pole pair 
and a complex zero pair. The peak is a result of the 
crystal resonating with all circuit capacitances: 

Wp:= 1 
v'LO'CTOT 

Wp = 7.7620737 . 107 

The complex zero pair comes about when the crystal 
resonates with all capacitances except for. the CTOP and 
CBOT combination: 

Wz:= Wz = 7.7656489 . 107 
Cp' Co] 

La' Cp+Co 

The phase shift at the complex pole pair passes 
through zero and the amplitude peaks to provide the 
oscillation point. The phase then goes past the point 
needed for oscillation and then passes through zero 
again at the complex zero location, returning to the 90 
degree point where it started. The amount that the 
phase shift passes the point necessary for oscillation is 
called the phase margin. This depends on: 

1. The proximity of the complex zero and pole pair, 
which is determined by the difference in value of 
the CTOP and CBOT combination relative to the 
external circuit capacitances. Large parasitics 
decrease the distance between the pole and zero 
pair, degrading the phase margin. 

2. The circuit "Q;' which is a function of the reflected 
crystal resistances. Applying the reflection algorithm 
described above shows that large capacitive parasitic 
values produce a lower "reflected" crystal resistance 
and thus a lower "Q:' Additionally low values of 
parasitic loss resistances present at the oscillator pin 
will have the same effect. 

If both of the above situations exist, the· phase may not 
cross the zero .point at all and osciUations wiU not start. 
The exact analysis procedure in Appendix A gives a 
quantitative description of this situation. 

Nyquist Criterion: 

In Figures 11C and 11D in Appendix A, note that the 
loop gain falls to below unity at the complex zero 
point. A situation can exist where perhaps, if gM is 
large, the loop gain will remain above unity, even at the 
complex zero frequency. This represents a violation of 
the Nyquist criterion for oscillation in that the Nyquist 
plot never encircles the -1,0 point. This can happen 
with crystals at the lower frequencies around 1MHz or 
so. Appendix A gives a quantitative analysis of this 
situation, and reference [5] goes in detail for the theory. 

Final Oscillation Amplitude: 

This section outlines a qualitative explanation of the 
final oscillation amplitude. For a complete analysiS, refer 
to references [1] and [4]. Appendix B gives an example 
analysis using the numerical methods of the MathCAD 
software on an IBM Pc. If the user is interested at a 
higher level, please contact Micro linear for design 
parameters. 

Given the loop gain at the frequency where the phase 
shift crosses zero, oscillations start and then increase in 
amplitude. The waveforms across CTOP and CBOT in 
Figure 10 are close to sinusoidal due to the high Q of 
the circuit. The drain current of the MOS transistor, 
however, is a square law version of the gate to source 
voltage. Thus, at large signals, the effective gM of the 
transistor is reduced by a factor which is related to only 
the first harmonic bf the drain current. This is the only 
component which is fed back around the loop due to 
the high Q. For a given small signal loop gain, the 
amount of oscillation amplitude necessary to maintain 
the large signal loop gain at one will determine the 
final oscillation amplitude. For a typical Micro linear 
design, this usually falls within the power supplies. 
Occasionally, then the loop gain is high, the amplitude 
may exceed the power supplies but is "clamped" by 
the input static protection diodes present on the 
oscillator pin. This forward biases the substrate, but the 
input protection structure of the oscillator pin prevents 
any harmful effects from this phenomenon. 

3.0 Design Parameters 
The following section outlines some parameters 
necessary to perform the hand calculation analysiS . 
described above and the exact analysis in Appendix A 
for various Micro linear chips at the time of this 
application note: 
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ML2200, ML2208, ML2230, ML2233, ML2221: 
These designs are restricted to 3-7MHz only; no 
frequency trim. Provide minimum parasitic from pin to 
ground possible. 

CTOp: 10pF 
CBOT: 12pF 
Typical gm: 500pAIV 
Typical RLT: 8kO 
Rp at 3MHz: 240kO (see Appendix D) 
Rp at 7MHz: 140kO 

ML2031, ML2032: 
These designs are restricted to 3-15MHz only; 
frequency trimming with capacitor allowed if desired. 

CTOp: 16pF 
CBOT: 16pF 
Typical gm: 1.6mAIV 
Typical RLT: 80kO 
Rp at 3M Hz: 220kO (see Appendix D) 
Rp at 15MHz: 100kO 

ML2035, ML2036: 
These designs are restricted to 2-18MHz only; 
frequency trimming with capacitor allowed if desired. 

CTOP: 18pF 
CBOT: 18pF 
Typical gm: 1.6mAIV 
Typical RLT: 80kO 
Rp at 2MHz: 290kO (see Appendix D) 
Rp at 15MHz: 100kO 

In addition, the package pin capacitance is needed 
along with any stray capacitance due to the bond wire, 
etc. These values vary from device to device, but an 
approximate value would be about 1-3pF. 

4.0 Crystal Specifications 

For most situations, standard microprocessor type 
crystals will work fine in these circuits. If more precise 
frequency tolerance or unusual frequencies are desired, 
a special grind will have to be orderd from a crystal 
manufacturer. 

1. Calculate what capacitance will be seen by the 
crystal in your board, then specify this to the crystal 
manufacturer. 

2. An approximation of the series resistance tolerable 
can be made using the above analysis or the exact 
analysis in Appendix A. One fact which is rarely 
known is that crystal resistances on startup can be 
much higher than when the crystal is being excited. 
Specify both a low level maximum series resistance 
and an operating level series resistance (e.g., 10nW 
to 1pW startup level and 1pW to 200pW operating 
level). An equation to calculate crystal dissipation is 
given in Appendix A. 

Application Note:8 

3. Frequency tolerances of about .005% are common, 
tighter tolerances are available. 

4. Frequency stability over temperature (O-70OC) of 
about .005% are common; special order for extended 
temperature range or tighter tolerance. 

5. Frequency stability is typically dominated by the 
crystal itself. Temperature coefficients of the parasitic 
capacitances come into play and can be calculated 
using the equations described above. Variation of the 
oscillator gm and internal capacitance values versus 
temperature has a very minor role in stability 
(1-Sppm or so over 0-70°C). 

5.0 Board Level Design Verification 

Some simple tests can be performed during the 
debugging process to verify that the crystal being used 
and the parasitics present are acceptable for 
manufacture: 

1. Measure the crystal parameters. A procedure to do 
this is described below. This is a procedure 
described in reference [6). 

I. MEASURE PEAK AMPLITUDE AND FREQUENCY: ~ 
PEAK AMPLITUDE GIVES Ro VAWE. 

2. OPEN SWITCH, MEASURE PEAK FREQUENCY (THIS SHIFTS UP) 

fl.f. 8'-2f~CTLo CT • IOOpF + Cc (CASE CAPACITANCE) 

SOLVE FOR La. 

3. fs' ~, SOLVE FOR Co 
2.-y loCo 

2. Observe crystal startup at the high temperature/low 
power supply specification of your system. Crystal 
startup is the most stringent test of the design. Often 
times the series resistance of the crystal at low levels 
is many times that at operation. Do this over a wide 
sample range of the intended crystal to be used. 
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3. Be sure that the' oscillator amplitude is at least 2 
volts peak to peak at the high temperature/low 
supply case. This is to i!lsure ~hat the buffer that 

, squares the sine wave up remains, operational. If less 
than 2 'volts, consider using a crystal with a lower 
series resistance or decrease parasitic capacitance on 
the oscillator pin. Do not use'long lead lengths or 
traces from the oscillator pin to the cfystal. 

4. Observ~ crystal'startup times. Th,is is a good 
indication of available loop gain. Crystal startup time 
is a function ,of the real part ofthe closed loop 
transfer function. Appendix C provides a sample of 
how to calculate a root locus plot versus varying 
gm's. 

5. When observing the oscillator pin, use a FET probe 
or use a standard probe in series with a 1pF 
capacitor to prevent loading the pin with excessive 
parasitic. When observIng frequency stability, use a 
spectrum analyzer with an antenna wire pickup to 
minimize parasitic effects. Alternately, if a buffered 
output of the oscillator is available, measure the 
frequency at this point. 
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APPENDIX A 

ONE PIN OSCILLATOR DESIGN 

This document is an exact small signal analysis of the one pin oscillator 
using the MathCAD software package. 

******define units first: 

rad == 1 -6 
rad TOL == 10 sets MathCAD tolerance 

deg == 1t.-
180 

******Define Parameters: 

-12 
Ctop == 16·10 

-12 
Cbot - 16·10 

-12 
Cc - 5·10 (xtal case cap) 

-3 -15 
Ro - 15 Lo - 8.005813989·10 Co - 20.7558457·10 

1 ros 7 
****Serial Resonant Frequencyros := ------

****Crystal Q: Qxtal := 

****CAPACITOR DIVIDER: 

1 

ros·Ro ·Co 

2·1t 

4 
Qxtal = 4.14·10 

= 1.2346594·10 

Cbot 
****Equivalent C of Capacitor Divider: Ceq.- Ctop·----------

Ctop + Cbot 
-12 

Ceq = 8·10 

****Transformer Ratio for Capacitive Divider: n:= 

n = 0.5 

Ctop 

Ctop + Cbot 

****Impedance Reflection Ratio for Capacitive Divider: 

2 
zc .- n zc = 0.25 
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****Transistor Characteristics: 
-3 3 

gm := 1.6'10 Rlt := 80'10 

****Pin Characteristics: 

**External pin parasitics--this is the real and imaginary parts of any. 
external parasitic at the oscillation frequency) : 

3 -12 
Rext := 100,10 Cext := 5'10 

****Total Parallel Capacitance: 

Cptot := Cc + Cext + Ceq 

-11 
Cptot = 1. 8, 10 Cpt .- Cptot - Ceq 

-11 
Cpt = 1,10 

****Equivalent Capacitance for Pole Pair: 
Cptot 

Cpol : = Co' ----
Co + Cptot 

-14 
Cpol = 2.073'10 

****Approximate Frequency of Oscillation: 

1 
Wpol .- ------ Fpol := 

~LO'CPOl 

Wpol 

2 ".n 

7 
Fpol = 1.235371'10 

****Ratio of the Capacitive Divider Between Crystal and Oscillator: 

Co 
nx := nx = 0.001 

Co + Cptot 

****Impedance Reflection Ratio: 

2 
zx := nx 

-6 
zx == 1. 327' 10 

Wpol'Lo 
****Q with Cload: Q .-

4 
Q = 4.143'10 

Ro 

****Equivalent Parallel R for CrYstal Only: 

2 
Rpx := Q 'Ro 

10-60 
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Rpx = 2.574'10 
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****Reflected Value of the Crystal Resistance at the Oscillator: 

Rxtal : = Rpx' zx 4 
Rxtal = 3.415'10 

Total parallel resistance at the oscillator pin: 

1 1 
Gsum .- + 1 

Rext Rxtal Rsum .-
Gsum 

4 
Rsum = 2.546'10 

****Reflected Parallel R at Oscillator to Transistor Source: 

Rref : = Rsum' zc 3 
Rref = 6.364'10 

****Total Load Seen at Transistor Source: 
Rlt 3 

Rl := Rref' Rl = 5.895'10 
Rref + Rlt 

****Loop Gain Calculated with Reflection Me'thod: 
Cbot 

Al := gm'Rl'-- Al = 9.433 
Ctop 

**in dB: 20'loq(Al) = 19.493 

***************EXACT CALCULATIONS:************** 

**Polynomial Coefficients for Zeros: 

nO := 1 

n1 .- (Co'Ro + CO'Rext + Cpt'Rext) 

n2 .- (Co'Lo + Co' Cpt· Ro' Rext) 

n3 .- (Co'Cpt'Lo'Rext) 

guess first zero location: 

-1 
ill := ---------------

Rext· (Cpt + Co) 

s := ill 

5 
zl = -9.9792906' 10 

5 
ill = -9.9792871' 10 
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guess complex zero pair location: 

1 
(0 .-

Co ' Cpt 
Lo' 

Co + Cpt 

s := (O'i-

7 
(0 = 7.7656404' 10 

z2 := root[n3's3 + n2's2 + nl;s + no,s] 
3 7 

z2 = -1.9722866' 10 + 7.7656391' 10 i 

***** Zeros: 

5 
zl = -9.9792906' 10 

3 7 
z2 = -1.9722866' 10 + 7.7656391' 10 i 

*****************Poles: 

**Coefficients for Poles: 

dO .- 1 

d1 .- (Co'Ro + Co'Rext + Ctop'Rlt + Ctop'Rext + Cbot'Rlt + Cpt'Rext) 

[

CO'LO + Co'Ctop'Ro'Rlt + Co'Ctop'Ro'Rext + Co'Ctop'Rlt'Rext ... 

d2 := + Co'Cbot'Ro'Rlt + Co'Cbot'Rlt'Rext + CO'Cpt'Ro'Rext 

+ Ctop'Cbot'Rlt'Rext + Ctop'Cpt'Rlt'Rext + Cbot'Cpt'Rlt'Rext 

... j 

d3 := Co'Ctop'Lo'Rlt + Co'Ctop'Lo'Rext + CO'Cbot'Lo'Rlt + Co'Cpt'Lo'Rext 

+ Co'Ctop'Cbot'Ro'Rlt'Rext + Co'Ctop'Cpt'Ro'Rlt'Rext 

+ Co'Cbot'Cpt'Ro'Rlt'Rext 

d4 := Co'Ctop'Cbot'Lo'Rlt'Rext + Co'Ctop'Cpt'Lo'Rlt'Rext ... 

+ Co'Cbot'Cpt'Lo'Rlt'Rext 
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guess first pole location: 

-1 
ro := ------------

(Rext) . (Ctop + Cbot + Cpt) 

s := ro 

5 
ro = -2.3809524' 10 

p1 := root[d4'S4 + d3·s3 + d2·s2 + d1's + dO,S] 
5 

p1 = -2.492'10 

guess second pole location (this is dominant pole) 

-1 
ro := -----------

[ 
CtoP'Cpt ] 

Rlt· Cbot + 
Ctop + Cpt 

s := ro 

5 
p2 = -8.6971683' 10 

guess complex pole pair location: 

5 
ro = -5.6423611' 10 

-1 
ro := --------

7 
ro = -7.7620652' 10 

Co' (Cpt + Ceq) 
Lo·-------

Co + Cpt + Ceq 

s := i 'ro 

3 7 
p3 = -1. 3566881' 10 - 7.7620647' 10 i 

***************Summary:*************** 
tp := 2·7t 

5 
zl = -9.9792906' 10 

zl 

tp 

5 
-1. 5882534' 10 

3 7 
z2 = -1.9722866' 10 + 7.7656391' 10 i 

z2 7 
-313.899161 + 1.235939& 10j 

tp 
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5 
p1 = -2.492351-10 

5 
p2 = -8.6971683-10 

3 7 
p3 = -1.3566881- 10 - 7.7620647- 10 i 

p1 

tp 

p3 

tp 

4 
-3.9666998- 10 

p2 5 
-- = -1.3841973- 10 
tp 

7 
-215.9236169 - 1.235371 10i 

*****************System Function:************************ 

gm-Rlt- [n3-s3 2 
no] + n2-s + n1-s + 

H(s) := 
4 3 2 

d4-s + d3-s + d2-s + d1-s + dO 

*************Plot System Function******************** 

x := 1 .. 80 

x 
1 

x 10 

50 

~ 

" ~ 
\ 
~ 

'\ 

~ 
,. 

-30 
\ 

1 <OX 
x 

1e+008 

tp 

Figure llA 
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plot phase: 

Ph := [arg(H(i 'rox» .1:0] 

° 

Ph 
x 

-90 
1 

0 

rox 
x 

tp 

Figure 11B 

Application Note 8 

I~ 
1e+008 

plot an expanded area around the complex pole/zero pair: 

n := ° .. 100 

range .- ( I Im(z2) I - I Im(p3) I) range := range' .2 

10 .- I Im(p3) I - range 

hi .- I Im(z2) I + range 

[(hi -
n 

10] rox .- 10) .- + 
n 100 
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7.761e+007 O)x 
n 

Figure lle 

300 

180 
angle[Re [H [i 'O)Xn]]' Im[H [i 'O)xn]]l-;; 

100 

7.767e+007 

---- \ / 
\ L 
\ r 
\ J 
\ I 
'-- ./ 

7.761e+007 O)x 7.767e+007 
n 

Figure 11D 

Nyquist plot: 

Figure llE 

O)g := i . (Im(p3) + 10) O)g 

tp 

7 
-1.2353708' 10 i 

Find exact frequency of phase zero crossing due to complex pole pair: 

O)osc := root(Im(H(rog»,rog) 

check: 
arg(H(roos~) = 180'deg 

Exact zero phase frequency and amplitude: 

O)osc 7 
-- = -1.2353722' 10 i 
tp 
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Find exact zero phase and amplitude due to complex zero pair: 

guess first: 
ffig := i - (Im(z2) - 100) 

ffizer := root(Im(H(ffig»,ffig) 

check: 
arg(H(ffize~) = -179.999-deg 

ffizer 7 

ffig 

tp 

7 
1.2359383- 10 i 

I H (ffizer) I = 0.02 

-- - 1.2359386-10 i 
tp 

frequency 

amplitude 

Find phase margin for oscillator (maximum phase between complex pole and zero 
pair) : 

ffix n : = - [ ( I ffizer I - Iffioscl) -~ + Iffioscl + 100] 
105 

1t - max[angle(Re(H(i -ffix»,Im(H(i -ffiX»)] = -79.361-deg 
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APPENDIX B 

This goes through an example calculation of the reduction in small signal gm 
due to a certain amplitude across Ctop or the gate of the MOS device. The , 
analysis can be carried out in a more general manner and graphs can be plotted 
out for the purpose of providing a graphical solution to ascertain the final 
oscillation amplitude given an initial set of bias conditions. The procedure 
is for example purposes only. If the reader requires more specific 
information, please contact Micro Linear directly. 

This analysis was carried out in MathCAD. 

define some numbers: 

MOS transistor threshold voltage: vt := .926 

MOS transistor k factor: 
700 -6 

~ := -'47'10 
4.2 

ro := 1 here, frequency doesn't matter, so make it 1 

vbq := 1.158 dc bias value of gate to source 

simple MOS equation for drain current 

id(v.a) ,= if [vga > vt, [;. ~. (vga - vt) 2],0: 
idq : = id (vbq) 

-4 
idq .- 2.112'10 

calculate dc bias current 

vin(t,vb) := vb + a'cos(ro·t) define the gate to source excitation 

gmq := ~2'~'id(Vbq) 
gmq = 0.0018173 

small signal gm at dc bias 

Find the average bias voltage of vgs which MUST equal the dc bias current: 

-8 
TOL := 10 

Given 

guess vb .- vbq - .2 

---=-. J2 '1t id(vin(t,vb» dt idq 
2·1t 0 

newvb := Find(vb) 

newvb = 0.898 vbq = 1.158 compare to new bias 

check: 
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[-=-. J 2·n id (vin (t, newvb» dt] = 
2·n 0 

This represents a shift of: 

-4 
2.112·10 

vbq - newvb = 0.26 volts in vgs bias 

for a sine wave amplitude of: 

a == .5 volts peak of vgs (note: this is NOT the output voltage!) 

This gives a steady state vgs of: 

vg(t) := vin(t,newvb) 

The first ha~onic of the drain current is: 

1 J2.n 
id1 := -. id(vg(t» ·cos(ro·t) dt 

n 0 

-4 
id1 = 3.624·10 The large signal gm, or GM is now calculated: 

id1 
GM := 

a 

-4 
GM = 7.247·10 

The no~lization of GM/gm is now shown: 

GM 
= 0.399 This shows a reduction of the small signal gm. 

gmq 

Plot gate voltage and drain current in steady state: 

x := 0 .. 255 

2·n·x 
t := 

x 255 
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1.4 ~ L 
"\ / 

\ L 
_\ / 

\ II 
vg [ t x J I newvb 

\ / 
\ / 

"\ L 
~ / 

0.3 
o t 

x 
0.0009 f\ / 

~ / 
~ 1 
\ / 
\ / 
\ / 

id [Vg [t xJ J I id(newvb) 

\ / 
\ 1 
\ 1 

o \ / 
o t 2'11: 

x 
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APPENDIX C 

Oscillator Root Locus Calculation 

This calculates the real and imaginary parts of the closed loop transfer 
function. The real part is the time constant of the initial exponential 
startup transient. 

define a range of qm values to calculate over: 

x := 40 .. 10 

qm .- 10 
x 

-[:0] -6 
TOL - 10 

Calculate root locus for qm. These are the roots of the characteristic 
equation of the closed loop transfer function. See Appendix A for the 
definitions of the coefficients shown below: 

clp 
x 

.- root 

4 
d4's 

Root Locus Plot: 

-7.762e+007 

-7.766e+007 
-10000 

... ,s 

~ 
~ 

'\ 
/ 

~ 
I--""'" 

20000 
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Real part of closed loop transfer function versus gm: 

20000 
.; 

--
-10000 

1.le-005 

/ 
/ 

gm 
x 

V 

'" ~ 
0.11 

Note in the above plot that there is a limited range of gm's for which the 
poles of the closed loop transfer function remain in the right half plane. In 
other words, too low a gm creates too low a gain. However, too high gm values 
also violate the Nyquist Criterion. . 
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APPENDIX D 

This shows how to calculate the real part of the on chip bias resistor Rp 
for· inclusion in the loop gain calculations. This was done on MathCAD. 

This is a calculation of the Real part of a distributed RC network with one 
end shorted to ground. A parallel R part is calculated. 

ORIGIN := 1 m := 1 .. 3 

Following DC resistance values are for the ML2031, ML2035, and ML2200. The 
total capacitance is also calculated for the network. 

rO .-
240 .10:j 
640'10 

6 
10 

-15 
10 

cO := rO ·100·.08,-----
m m 3 

4'10 

Define a range of frequencies to use: 
6 

n := 1 .. 40 

10 
f .- n'- 0) := (f'2,1t) 
n 2 

Calculate the admittance of the distributed network: 

Ji 

rO 
r ,- '0) 'cO 'rO m 

n,m n m m ZO .-
n,m i '0) 'cO 

n m 

Extract the real part and invert to get resistance: 
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Plot the real part versus frequency: 

700000 

0 

~ , 
r ,r ,r 

(n,l) (n,2) (n,3) 

+-

o 
o 

1\ 
r+-~ ~ 

,.::: N-

-

f 
n. 

diamonds=ML2200, boxes=ML2035, pluses=ML2031 
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An Improved Method of Load Fault Detection 

High frequency supply designs pose unique problems 
in fault detection. A typical method of output fault 
detection in most standard controllers is to provide a 
cycle-by-cycle current limit (VTH1 ) to limit the peak 
current in the output switch. In addition, these 
controllers have a second current limit (VTH2), which is 
typically set 40% higher than the cycle by cycle limit. 
Crossing VTH2 on the ISENSE input resets the Soft Start 
circuit and allows current in the output to decay 
before re-starting the system. 

In theory, by the time the power output stage can 
begin to turn off from having crossed VTH1, the output 
current will have exceeded VTH2 and a soft start reset 
wil be performed. This technique works well if leakage 
inductance is low and turn-off delay is high enough to 
cause enough energy to transfer to the output 
inductor, causing the current to build up in 
subsequent cycles (figure 2a). This current build up 
takes place when the output is short circuited because 
the output inductor has almost no voltage across it 
and therefore a very shallow discharge slope. If, 
however, energy transfer is low due to fast turn-off of 
the outputs (which is desirable to minimize switching 
losses) energy transfer to the output inductor will be 
minimized, resulting in the supply continually running 
at the cycle by cycle current limit to a short circuit 
with no reset occurring (figure 2b). 

SWITCH CURRENT 
_ _ _ _ DIODE CURRENT 

High frequency controllers are designed to minimize 
T PD and turn off the output MOSFET gates quickly. 
This implies that the event which triggers soft start 
reset will not persist for very long if it is detected at 
all. The short persistence of the triggering event 
requires that Q1 discharge C1 in a very short time, 
typically resulting in a partial discharge and an 
inadequate reset. A solution to this problem (figure 3) 
is implemented in all of Micro linear's PWM Ie's. Flip
flop (F2) and comparator (A4) are added to the circuit, 
to ensure a full reset. If desired, a delay (as 
implemented in the ML4809 and ML4811) can also be 
added before restart, which lowers the system's 
effective duty cycle allowing the supply to cool down. 

v+ 

Figure 1. lYpicallWo Threshold Current limit/Fault Detect 

Figure 2. Current Waveforms During Output Short Circuit Slow Output Turn-Off (2a) and Fast Turn-Off (2b) 
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Figure 3. Improved Soft Start Reset with Delay - ML4809 

Integrating Fault Detection 

The "two threshold" dete<;tion te<;hnique desuihed 
above limits the system designer's freedom to optimize 
his magnetks and minimize swit<;hing time. Sin<;e 
detecting the fault relies on building inductor current 
up on successive cycles, propagation delay cannot be 
minimized (as shown in figure 2) for this technique to 
work. Since these two parameters are important terms 
in high frequency supply efficiency, the need to 
compromise due to inadequacies in fault detection 
presents a problem. 

A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM <;ycle due to the cycle by cycle 
<;urrent limit. 

Rl 

Figure 4. Integrating Soft Start Reset Circuit 
with Delay (ML4811) 

; " 

Figure 4shows the Integrating Fal1ltDete<;t circuit:· 
When the IliM signal (switch current) uosses the 1.lV 
threshold A 1 signals the F1 to termin'ate the cyCle and 
sets F3, which is reset at the beginning of each PWM 
cycle. The ootput of F3 turh.S on a current source to 
charge C2. When, after .several cycles, C2 has charged 
to 3\1, AS turns on F2 to dis<;harge soft start capacitor 
Cl. Charge is <;ontinually bled from C2 by Rl. If a 
<;urrent surge is short lived (for instan<;e a disk drive 
start-up or a boarclbeing pliJgged in to a live ra<;k) the 
wntrol <;an "ride out" the sWge (figure Sa) with the 
switch protected by the cycle by cycle limit. Rl and Cl 
can be selected to tr~ck diode heating, or to ride out 
various system surge requirements as required. 

If the high current demanded is caused by a short 
circuit (figure Sb), the duty cycle will be short and the 
output diodes will' carry the current for the majority of 
the PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
ql]icker shutdown during short-circuit when the output 
diodes are being maximally stressed. 

SWITCH CURRENT AI" ((LIM) PIN. 

w~-~---------~----.-~---------

-~---- ~----- ~---~- -~ 
RC(RESEn VOIlAGE . 

Figure 5a. Integrating Fault Detection Response 
to Load Surge 

..... ...... [1..... 11-1.1V - _~ ----___ ~u-----'~-~-:-: 

SWITCH CURRENT AI" l(lIM) PIN 

t--------------~--------
RC(RESETI VOLTAGE 

Figure 5b. Response to Load Fault (Short Circuit) 

The Integrating Fault Detection circuit allows reliable 
detection of output faults independent of supply 
magnetics and propagation delays. Additionally, this 
method of fault detection is inherently noise immune, 
programmable, and can distinguish between load 
surges and load faults (short Circuits). 
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Mehmet K. Nalbant Power Factor Enhancement Circuit 

A simple enhancement circuit for the Ml4812 is 
described. The circuit which will be called the power 
factor enhancement circuit greatly improves the power 
factor while reducing the total harmonic distortion of 
the current waveform. 

The circuit details for implementing the power factor 
enhancement circuit are given below. Figure 1 shows 
the schematic diagram of the circuit. The circuit 
operates by generating a small DC current bias and 
injecting it into the ISINE (pin 6) input of the Ml4812. 
This current injection has the net effect of improving 
the zero current crossover distortion. It does this by 
lifting the shoulders of the current waveform around 
the zero crossover areas. 

The circuit in the dotted lines in Figure 2, shows the 
details of the implementation. The circuit automatically 
adjusts the amount of the injected DC bias as a 
function of the line voltage. The reason behind the 
variable amount of DC current injection is that at 
lower input voltages, the amount of DC bias that is 
required is less. 

Based on experience, the amount of bias required at 
220 VAC is approximately four times higher than at 120 
VAe. The proper scaling can be adjusted by choosing 
appropriate values for the various resistors used and 
the zener diode voltage. The amount of bias that is 
required is a function of the boost inductor value and 
the ramp compensation. For best performance the 
value of the inductor should be chosen as high as 
possible which in turn will necessitate a small amount 
of ramp compensation. 

One way to find the required bias currents is 
summarized below: the first step is to find the 
optimum bias at the nominal operating point, for 
example, at 120 VAe. This is done by connecting a 
variable resistor to the reference output of the Ie. The 
initial value of the resistor is selected such that, the 
bias current equals the peak to peak ramp 
compensation voltage when the duty cycle is at its 
maximum. After the optimum value at the nominal 
operating conditions is found the input voltage is 
increased to 220 VN:. and the same procedure above 
is repeated to find the optimum value of the resistor at 
the 220 VAC nominal operating conditions. The bias 
currents corresponding to the two resistor values 
above can be used to calculate the values of the 
components in the enhancement circuit. The formulas 
for calculating the various components are given below: 

0.9VIN(RMS) R6 
V C3 (VIN) = -R-1-+':':"::;R"'2"'+"--R-6 

VC3 - VBE - Vz - VISINE 
IISINE(VIN) = R7 

r = 
IISINE(220 VAC) 

IISINE(120 VAC) 

r = 
VC3(220 VAC) - VBE - Vz - VISINE 

VC3(120 VAC) - VBE - Vz - VISINE 

Where: 

(1) 

(2) 

(3) 

(4) 

IISINE(VIN) = Bias current into the ISINE input as function 
of the input voltage. 

= Base emitter voltage of Q3 (0.7V nominal). 

= Voltage at ISINE input, typically 0.7v. 

= Ratio of bias current at 220 VAC input to 
the bias current at 120 VAC input. 

By chosing a value for VC3(220VAC) the value of VC3(120 VAC) 
is also found. These two values can be substituted to 
the equation above to calculate the required value for 
Vz. The value of R7 can be found by using (2). The 
values of the remaining components can be calculated 
by using (1). 

RECTIFIED 
INPUT 

VOlW:;E 

Rl 

R2 

':' GND 

R6 + 
C3 

vee 

Q3 

D2 
Vz 

R7 
'---"\N\r-_gn~~:gT 

':' GND 

Figure 1. The Enhancement Circuit 
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f:····~l~~;;~N~~~~N~·~;~~~;~·~~~·~~;·······v<:c:~·· .... ··'1 

: .................................................................... ~~ ........ .l Dl 

lN5406 
ll--

566/lH--FUSE Fl 

15A 250V 
R1A R4A RPA 
lOOK 180K 360K 

R1B R4B RPB 
180K 180K 150K 

CF 

IN 

RSA RSC 
5K lIT 

R2A 
51K 6.2K 

5K 

RM R2B R5B 
27K 3K 3K 

GND 

Figure 2 •. 1 KW Enhanced Power Factor Correction Circuit 

The circuit of Figure 2, is a 1KW input, power factor 
regulator. For this circuit the values of the 
enhancement circuit components were as follows: 

Table 1. Effect of Enhancement Circuit on Power Factor 

R1 + R2 
R6 
R7 
02, Vz 
Q3 

C3 

= 330K 
= 22K 
= 22K 
= 3.5V 
= 2N2222 or any equivalent small signal 

transistor. 
= lOIlF electrolytic cap 

Table 1 shows the performance of the power factor 
regulator with and without the enhancement circuit. 

Input 
Voltage 
IVN::! 
120 

220 
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Power With Without 
(W) Enhancement Enhancemerit 

742 .998 .991 

365 .994 .976 

706 .996 .976 
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Vince Cardinale 
Generating Phase Controlled Sinewaves 

with the ML2036 

Introduction 

The 16-bit resolution of the ML2036 combined with its 
Inhibit feature makes it a powerful tool for generating 
precision sinewaves. It can produce frequencies from 
DC to 50kHz in 1Hz increments with -40dB harmonic 
distortion and has the control to stop the output at 
any given time or at the next zero crossing,· with no 
external components. 

Precise phase control can also be obtained with the 
addition of a few external devices. With the addition of 
phase control two or more ML2036 sinewave 
generators can be synchronized at any angle from 0 to 
360 with better than 1 degree resolution. 

Inhibit Mode 

In order to place the ML2036 in Inhibit mode three 
conditions must occur simultaneously. The three-level 
PDN-INH input pin must be at the Vss voltage (-5V), 
the shift register must be loaded with all zeros, and 
the LATI pin must be a logic "1" (+5V). Once these 
three conditions are met the output continues to 
operate until it reaches Vas + IVxl if the next zero 
crossing is positive going, or Vas -Ivxl if the next 
zero crossing is negative going, and then holds this 
level (see figure 1). The output will stay at this voltage 
until a new frequency is loaded into the data latch, at 
which point the output will continue where it left off. 
If the output stopped at zero after approaching from 
below OV then it will start-up going positive. If it 
stopped after approaching from above OV then it will 
start-up going negative. 

SCK 

SIO :x::xJ- 0 1 2 3 4 5 6 7 8 9 10 1112 131415: 

WI r---

Initialization 

In order to synchronize the ML2036 you must first 
initialize it so it will start up at a known point in the 
sinewave. By using the Inhibit mode you can stop the 
part at OV but you can't be sure from which direction 
it approached zero, or more importantly which 
direction it will start-up. If you can guarantee that it 
stopped while approaching from below OV then you 
can be sure it will start-up going positive. This can be 
done if the LATI pin is not allowed to be high when 
the output is above ground. The circuit in figure 2 and 
the following procedure demonstrate how this can be 
implemented. 

Initialization Procedure 

1) Power up 
2) Set LAT high 
3) Set INH low 
4) Load MSB: 0001 0000 0000 0000 :LSB 
5) Set LAT low 
6) Wait at least 1 output cycle time 
7) Load all Os 
8) Set INH high (lNH must go high before LAT by at 

least a NAND gate delay) 
9) Set LAT high 
10) Wait at least 1.5 output cycle times 

Output stops at OV going high 
11) Load desired frequency 
12) Set LAT low 

Output begins at OV going high 
13) Set INH low 

Iv I = V pEAK • For f :S ~ 
x 256' OUT 2048 

IVxl ,,'; VpEAK + VPEAK Sine (8nit OUT + 517T2) 
256 CLK 

tCLK 
For tOUT> 2048 

Figure 1. Inhibit Mode 
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Synchronization 
At the completion of step 1() the part is i~itialized. Its 
output is stable at about OV and will start up going 
positive. lf you want to synchronize the output with 
some external event you can load the shift register with 
the desired fre<juency. (step 11) and then set lAT low 
(step 12) synchronously with the external event. If you 
want to synchronize two Ml2036 sinewave generators 
together initialize them both as described, and then set 
LAT low (step 12) on both circuits simultaneously. 

SCK 
SIO 

/lP 
tAr 

INH 

Precise phase control between. two parts· can be 
achieved by initializing both' parts, starting one and 
then waiting ,a known time before starting the other. 
For example, to produce two 5kHz sinewaves with 90° 
phase shift you should wait 50ps between starting each 
circuit. Since the ML2036 uses a 3M Hz reference clock 
to updat~ the output (assuming a 12MHz clock is used 
to drive elKIN) the phase resolution will be 0.6°. This 
resolution will vary from 0.0012° for two 10Hz signals to 
6° for two 50kHz signals. 

+5V 

ML2036 

VOUT VOUT 

AGNO 

-5V -=-

+5V 

+5V 

·5V 

-5V 

Figure 2. 
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William Cho Designing with 108ase-T Transceivers 

Micro linear's family of 10Base·T transceivers offer 
highly integrated solutions for internal and external 
MAUs (Media Attachment Units) as well as HUB MAUs. 
These chips offer a high performance current drive 
transmitter with very low jitter and RFI noise. The 
Ml4652 and Ml4658 are 10Base·T transceivers that 
provide an AU interface for internal and external DTE 
MAUs while Ml4654 and Ml4655 provide TTL and ECl 
interfaces suited for Multiport Repeaters. 

The following application note will cover some of the 
design issues that arise when designing either type of 
Media Attachment Units for local Area Networks based 
on 10Base·I 

Internal (Embedded) MAUs with Shared AUI Port 
Figure 1 shows a detailed schematic for an internal 
MAU design with a shared AUI (Attachment Unit 
Interface) port. The optional port requires additional 
circuitry as defined in the IEEE 802.3 specifications for 
proper termination and protection at the serial 
interface chip (or Manchester Encoder/Decoder) and 
the 10Base·T transceiver chip connected to an AUI 
port. 

An AUI connection requires termination impedance of 
780 on the receive end of the transmission lines (DI 
and CI). As such R1 and R2 in parallel with R3 and R4 
provide the proper termination. This also applies to 
the receive output pins 4 and 5 of the transceiver chip. 
The 3570 resistors for R3 and R4 was chosen to 
properly bias the driver circuitry (see section on AUI 
driver output). The 2kO values for R7 and R8 were 
chosen to provide the BIAS voltage for Tx+ and Tx
inputs. This also will not load down the 780 
transmission line when the AUI port is connected and 
the transceiver chip is tri·stated. The output AUI 
drivers of the transceiver chip must be tri·stated to not 
load down the transmission lines when the AUI port is 
connected and the twisted pair port is disconnected. 
Powering down the chip will tri·state the outputs. 

The transceiver can be powered down by switching 
Vee to GND as shown or by switching the ground 
connection to open condition. A logic level MOSFET 
with an "on" resistance (RDSON) of 0.50 or less can be 
used by connecting to the ground pin of the chip to 
power down the chip. When switching the ground off 
one must also include the ground connections of the 
driver resistors of COL and Rx outputs (R3, R4, R11, 
and R12). Another method of powering down the 
transceiver is to use an external mechanical switch as 
shown. 

The isolation transformer is required for protection of 
the transceiver chip from 16V with respect to the 
system ground at the AUI interface during a fault 
condition as specified in Z4.1.6. and Z4.2.6 sections of 
the IEEE 802.3 standards for both the driver and the 
receiver. 

If a shared AUI port is not required, then the design 
becomes simpler. Figure 13 of the datasheet shows AC 
coupling between the serial interface and the 
transceiver. This is to block DC bias voltage of the 
serial interface chip that may not match that of the 
transceiver. Micro linear's transceivers require the 
input bias to be between 2.5V and 4.5V for CI and DI. 
If the two chips are compatible one can eliminate the 
AC coupling capacitors and bias resistors. By using a 
DC coupled interface, biasing the driver outputs is all 
that is needed for proper operation (Figure 2). 

Twisted Pair Interface 

The twisted pair connection to 10Base·T requires 
additional filtering and isolation components. The 
output structure of the twisted pair drivers are of the 
current drive type. This poses several very significant 
advantages when driving the twisted pair medium. 
Because the drivers are current driven, the differential 
outputs are well matched for a balanced signal 
transmission. Balanced transmission is crucial for 
meeting tight regulations on signal shapes. Also current 
driven outputs produce lower common·mode voltages 
for a lower EMI radiation. This can be a very significant 
issue when facing FCC regulations. Another advantage 
to current mode is that output drive, can be easily 
adjusted to compensate for losses in the transformer 
or output filter. RTSET will set the level of output drive 
current by the relationship: 

RTSET = (Rl/100) * 220 

where Rl is the characteristic impedance of the 
twisted pair cable. 

The twisted pair differential output will see an effective 
resistance of 500 from the parallel combination of the 
two 2000 resistors and reflected secondary AC line 
impedance of 1000 for unshielded twisted pair. By 
driving 42mA to the 500 complex load, the differential 
signal voltage will swing ±2.5V peak around the 5V 
bias point when taking transients into consideration. 
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Rx+ Rx+ 

Rx- Rx-

MANCHESTER 
ENCODERIDECODER 

COll COl+ 

MICRO LINEAR 
Ml4651/Ml4657 

COLL COl-

Tx+ Tx+ 

Tx- Tx-

Figure 2. DC Coupled Interface for DTE Card Application 

The isolation and filter components for both transmit 
and receive lines can all be integrated into one dip 
package style module. One such product can be 
obtained from Valor Electronics in San Diego. There are 
several other manufacturers who have these products 
available (refer to Figure 13 in the datasheet). 

The output chokes shown in Figure 1 will pass any 
differential signal but block common mode voltages. 
Because Micro linear's 10Base-T transceivers have very 
low common mode output voltage, this extra filtering 
choke may not be needed. Good board layout will also 
help. 

5V 

ENABLE ~----, 

slilN "4--~--4 
(PIN 4) 

270 
SQE TEST 

DISABLE """"--"'111.----' 
470 

330 

SQE lest Link lest SQEN Pin 4 

Enable Enable 5V 

Enable Disable 3.3V 

Disable Enable OV 

Disable Disable 1.2V 

Figure 3. Mode Selection Circuit 

Application Note 13 

External MAU 

An external MAU design typically adds more LED 
outputs for status indication and adds circuitry for 
configuring the chip for SQE and link Test options (See 
Figure 12 of datasheet). The selection of SQE and link 
Test circuitry can be implemented in various ways. One 
such option is to use two SPDT switches to produce 
the proper voltage levels (Figure 3). The selected 
voltage to the SQEN input pin (pin #4 for Ml4652 and 
Ml4658) will internally configure the chip for the option 
to activate SQE test or link test. 

AUI Driver Output 

The output structure of the driver stage connecting to 
the AUI is an open emitter type. The output is biased 
at typically 4.2V when high and 3.6V when low. That is 
a differential voltage of about ±O.6V across a 780 load 
which calculates to about 7.7mA output current during 
transmission. A 3600 resistor at the output pin sets its 
current at 11.7mA when high and lOrnA when low. In 
the case when the positive output is high, the current 
(10) flowing out of its drive transistor is the sum of 
7.7mA and 11.7mA (Figure 4). That means the current 
flowing out of the negative output is lOrnA minus 
7.7mA. It then becomes apparent that the termination 
resistance must be low enough as to not shut off either 
of the output drive transistors but not too low as to 
saturate the transistor and dissipate excessive power. 

780 ~~~ISSION 

Figure 4. AUI Driver Circuitry 
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Jon Klein 

The Ml2035 Programmable Sine Wave Generator is a 
convehient solution for generating accurate sine waves. 
Often an accurate fixed sine wave reference is required in 
applications such as Uninterruptable Power Supplies. 
Normally a microcontroller or microprocessor is used to 
program the Ml2035's output frequency. 

Most power supplies do not incorporate a microprocessor. 
This application note will show several alternate methods 
for programming the Ml2035 for 50 or 60Hz sine wave 
output using off-the-shelf cOmponents. 

The circuit in Figure 1 programs the Ml2035 for 60Hz. 
The circuit shifts in the decimal number 141 to get to 
60Hz with a NTSC color burst crystal (3.579545 MHz). 

10M 

April 1991 

Application Note 14 

Generating Fixed Frequency 
Sine Waves with ML2035 

The 'HC4060 counter is used as an oscillator and timer. 
Q5 stays high for 16 clock cycles. During the first 8, the 
'HC165 shifts out the codes on A thru H which are the 
complements of 141 (Binary 1000 1101)lSB to MSB 
respectively. During that time, SI on the 'HC165 shift 
register is also high. That means that for the next 8 clock 
cycles the Q BAR output will be low, loading in O's for the 
most significant 8 bits. SCK on the Ml2035 and ClK on 
the shift register are run from complementary phases of 
the oscillator, since the 'HC165 changes data on the rising 
edge of its ClK and the Ml2035 latches the same data on 
the rising edge. 

FOUT 

50 

60 

I 33pF 

Hex Binary 74HC165 Code Frequency 
D(dec) Value Value ABCD EFGH ,Error 

117 75 0111 0101 rooo 1010 -0.15% 

141 8D ,1000 1101 0111 0010 0.28% 

Table 1. Data Codes for ML2035 using a 
3.575945 MHz Crystal 

• OUTPUT 
+5 

4060Q5~ 

SCK 

LAli 

DATA CLOCKED IN 

-------------------~, , 
DATALATCHESIN~ 

" 

Figure 1. Programming the ML2035 for 60Hz. output using NTSC color burst crystal. 
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When Q5 goes low again, Q6 goes high providing a reset 
for the counter and also a short pulse for the LATI input. 
The 1 K resistor between Q6 an the 4060 Reset line delays 
the reset slightly, effectively stretching the LATI pulse to 
SOnS. 

This circuit could also be run from + 1 OV and GND by 
creating an "artificial ground" at 50% of the 10V line (two 
1 K resistors and a 1 OfJF capacitor). 

For 50 Hz output use the code shown in the table 1. 

The circuit in Figure 1 allows the use of an inexpensive 
and readily available crystal, but has the disadvantage of 
not being "single pin" programmable for 50/60 Hz. The 
circuit in Figure 2 requires a non-standard, more 
expensive crystal frequency but has the advantages of 
being pin programmable for 50/60 Hz and eliminating the 
shift register. A 2.4576 MHz crystal is a standard value. A 
frequency of 2.467238 MHz is required to generate· 
exactly 50 and 60Hz with no error. 

DATA 
DECODE 

lN4148 

1--..,....--14 LATI 

100pF 
S.lK 

10M 
~33PF 

16I-=---(-jt) OUTPUT 

Figure 2. Single Jumper 50 or 60 Hz selection 

These lower frequency (below 3.5Mhz) crystals, however 
tend to be larger in size and significantly more expensive. 

Hex Binary Frequency 

FOUT D(dec) Value Value Error 

50 170 AA 1010 1010· -0.39% 

60 204 CC 11001100 -0.,39% 

Table 2. Data Codes and error terms for ML2035 using a 
2.4576 MHz standard crystal 

Application Note 14 
Table 3 shows the codes necessary to generate 50 arid 
60 Hz sine waves with the circuit in Figure 1 from various 
standard crystal frequencies. Note that for the highest 
accuracy, the 4.194304 MHz crystal yields both 50 and 
60Hz sine waves with no frequency error. 

FCRYSTAL 74HC165 Code 
(MHz) FOUT D(dec) D(hex) ABCD EFGH Error 

4.00 50 105 69 1001 0110 0.14% 

4.00 60 126 7E 1000 0001 0.14% 

4.194304 50 100 64· 1001 1011 0.00% 

4.194304 60 120 78 10000111 0.00% 

6.00 50 70 46 1011 1001 0.14% 

6.00 60 84 54 1010 1011 0.14% 

8.00 50 52 34 1100 1011 -0.82% 

8.00 60 63 3F 1100 0000 0.14% 

Table 3. Shift register values and frequency errors for 
various standard crystal values (fig 1). 

To generate 400Hz and 1 KHz tones, the circuit of Figure 2 
must be modified to shift in 0 for the first 8 clock pulses 
and the data in table 4 for the last 8 clocks. This can be 
accomplished by replacing the "Data Decode" blocks of 
Figure 2 with the decoding shown below. 

FCRYSTAL 74HC165 Code 
(MHz) FOUT D(dec) D(hex) ABCD EFGH Error 

6.5536 400 512 200 1111 1101 0.00% 

6.5536 1000 1280 500 1111 1010 0.00% 

Table 4. Generating 400Hz and 1 Khz sine waves 

400Hz Decode 1Khz Decode 

Suggested Crystal Manufacturers: 

Nymph/Saronix: (415) 855-6829 

Pletronics: (206) 776-1800 

Q8 

Q7 

Q5 
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Manijeh Fadaee Designing an IEEE 802.3 FOIRL Transceiver' 

Introduction 
The ML4661 FOIRL Transceiver with the ML46211ML4622 
fiber optic quantizer construct both an internal and 
external Fiber Optic Inter-Repeater link (FOIRL) 
described in the IEEE 802.3 standard. The ML4661 
through its standard 802.3 AU interface can be 
connected to an AUI cable, Ethernet Manchester 
Encoder/Decoder or Hub controller. The following 
topics will be discussed in this Application Note: 

1) ML4661 Features 
2) ML4621/ML4622 Features 
3) Filtering Power & Ground 
4) Attachment Unit Interface 
5) Interfacing ML4661 to National DP83950 Repeater 

Interface Controller 
6) Interfacing ML4661 to AT&T T7201 Multi-Port 

Repeater 
7) FOIRL system specification 
8) 10Base-FL (ML4662) 
9) Layout Considerations 
10) Initial debug of the FOIR1I10Base-Fl board 

ML4661 Features 

The ML4661 integrates many of the functions needed 
for an FOIRL transceiver. The Attachment Unit Interface 
complies with the IEEE standard offering Transmit, 
Receive, and, Collision pair signals. Data transmission 
includes transmit squelch, a 1MHz idle Signal, and the 
jabber function. The receiver accepts ECL compatible 
levels from the ML4621 or ML4622 quantizer, passing 
through the receive squelch and onto the AUI. The com
plete FOIRL state machine is also incorporated 
including collision detect, loopback, and low light 
conditions. 

I 
I 
I 

--------
ML4661 

, 
I 
I 

I I 

T.OUT 

I : 

: -f--1RTSET 
I I RTSET 
I '::" I 
I I +5V 

'-- - - --...! 

Figure 1. 
ILED = 181M + 100rr 

+5V 
1"-- --I HFBR1414 
I IILEDI I _____ .J 

.j, ISlAS 

lk 

One of the features is the capability to disable or 
enable the SQE function. This allows an FOIRL 
transceiver to be connected to a OTE as well as a 
repeater. When connecting toa DTE, SQE must be 
enabled. When connecting to a repeater, SQE is 
disabled. The forthcoming10Base-Fl specification 
includes SQE test, however, most FOIRL compatible 
equipment today supersedes the standard by including 
the SQE feature. 

The ML4661 transmitter consists of a current driver 
output (TxOUT) which directly drives an HP fiber optic 
LED transmitter (HFBR1414 ). The output structure of the 
driver stage (TxOUT) is an open collector (NPN) acting 
as a current source as shown in Figure 1. 

The 1KO pulldown resistor on the TxOUT pin prebiases 
the LED by applying a small forward current while the 
LED is in the "off" or low light state. The prebias 
current prevents the junction and parasitic capacitances 
from discharging completely when the LED is in the 
"off" state, thus reducing the amount of charge that the 
driver must transfer to turn the diode back on. 

The resistor on the RTSET pin controls the amount of 
current driven by this pin (TxOUT). RTSET and the 
pulldown resistor together set the extinction ratio. To 
calculate RTSET value for a certain· sink current 
(maximum 80mA) at TxOUT use this equation: 

RTSET = (52mNlOUT) 1620 

The ML4661 Transmitter has been· designed to drive the 
cathode of the LED (note: higher optical power 
transmitted corresponds to the low logic state). Current 
flowing through the LED corresponds to a logic low. 
When TX- > TX+ (DO on AU!), current flows and this 
will be a logic low. When TX+ > TX- (DO on AU!), no 
current flows (except bias) corresponding to a logic 
high. 

The receiver inputs are ECL levels (the ML4661 receiver 
inputs) coming from the ML4621 or the ML4622. When 
LMON1N (TTL) coming from the ML4621 or the ML4622 
is low, and the level of the received signal exceeds the 
receive squelch requirement, the receive data is 
buffered and transmitted out to 01 pair. . 

The five LED status outputs are active low, open 
collector outputs. They provide a visible status of the 
link as follows: 

XMT: is on when transmission is taking place. 

RCV: is on when the transceiver is receiving a frame 
from the ML4621 or the ML4622 (VIN+ and V1N-)' 
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CLSN: is on when the transmitter and the receiver are 
active at the same time (collision). When a collision 
takes place a 10MHz ± 15% square wave with a 50% ± 
10% duty cycle will be sent out to COl+ and COl
output pins. 

JAB: turns on when the transmitter is on for more 
than 20 to 150 Msec. When the jabber is on, in 
order to not bring down the network, the jabber 
logic disables the transmitter and turns on the 
collision signal COl+ and COl-. 

LMON: is on when lMONIN coming from the Ml4621 
or the Ml4622 is low and there are signal transitions on 
RX+ and RX-. 

Ml4621 / Ml4622 Features 

The Ml4621/Ml4622 data quantizer is used for signal 
recovery applications in Fiber Optic systems. The 
Ml4621/Ml4622 has a wide bandwidth and large gain 
which makes it capable of accepting an input signal 
from a fiber optic receiver as low as 2mV. This analog 
input gets converted to digital outputs at the TIlOUT 
pin or ECl+ and ECl- output pins. 

The TIL output has been disabled in this application 
Note by pulling up TIlvcc and TIlGND since ECl 
output levels are required by the Ml4661. The 3K 
pulldown resistors on the ECl outputs of the Ml4621 
keep the outputs biased in their operating range. Due 
to internal pulldown resistors in the Ml4622, the 
external pulldown resistors are not required if the ECl 
output are the only outputs being used. The Ml4661 
inputs present a minimal load to the Ml4621/Ml4622 
ECl outputs. 

Ml4621/Ml4622 include a two stage input limiting 
amplifier with a DC restoration feedback loop. The 
bandwidth of the Ml4621 can be adjusted to the 
particular needs of the application with the capacitor 
across pin 7 and 8 (CF1 and CF2 for high corner 
frequency). The .1pF input capacitors on VIN+ and 
VIW set the low corner frequency. (The output source 
impedance of the fiber optic receiver must be kept low 
"about 500" to make the input capacitors on VIN+ and 
VIN- effective). 

Since the logic condition for the 802.3 FOIRl is as 
follows: 

"light" = 0 
"dark" = 1 

The received signal has to get inverted before it goes 
to the RXIN+ & RXIN- inputs of the Ml4661. When the 
output of the Fiber Optic receiver (HFBR2416) is 
connected to the V1N+ of the Ml4621/Ml4622, the 
signal is non-inverted at the ECl+ &.ECl- outputs. 
Therefore, the ECl + must be connected to the RXIN- of 
the Ml4661 and the ECl- to the RXIN+ of the Ml4661. 
The output of the Fiber Optic receiver (HFBR2416) may 
be connected to the VIN- of the Ml4621 to invert the 
ECl outputs of the Ml4621/Ml 4622. If this is done, the 
following connections must be made. 

ECl+ - RXIN+ 
ECl- - RXIN-

Application Note 15 

The Link Monitor function is implemented by the 
minimum signal discriminator and the threshold 
generator circuits. The TIlliNKMON and EClllNKMON 
outputs both indicate when the input data signal is less 
than a user defined acceptable level. This is done by 
monitoring the input signal and peak detecting the 
output of the limiting amplifier and comparing this 
level with the voltage at VTHADJ' VTHADJ is set by the 
user as specified in the data sheet. To set the minimum 
input signal of the Ml4621 to 3m\; VREF can be tied 
directly to VTHADJ to provide 2.5V at VTHADJ' 

Ml4621: VTHADJ = 600 VINTH(P) + .7V (1) 
Ml4622: VTHADJ = 500 V1NTH(P-P) (2) 

In these equations V1NTH is the peak or peak to peak 
value of the input signal. The receiver sensitivity can be 
calculated when the Hewlett Packard HFBR2416 with a 
typical responsivityof 6mV/pW is being used. 

Ml4621: VINTH(P) = 3mV(Peak) (VTHADJ = VREF) 
Received Power = 6mV(P-P)/(6mV/pW) 

= 1pW = -30dBM (PEAK) 
Ml4622: V1NTH(P-P) = 5mV(Peak to Peak) (VTHADJ = VREF) 

Received Power = .833pW = -30.7dBM (PEAK) 
NotE!: Peak Power = Average Power + 3dBM 

This meets the IEEE802.3 FOIRL receiver specifications. A 
lower threshold level can be set by dividing down VREF 
with a resistor divider, as shown in Figure 2b. By 
choosing 1K and 1400, the VTHADJ will be 2.2 volt in 
the Ml4621 which will set the minimum power level at 
about 2.4mV peak and minimum launch power at 
-33dBM (considering worst responsivity of 4.5mV/pW). 
However due to a better stability of the link monitor in 
the Ml4622, both standards will be met considering the 
worst conditions by tying the VTHADJ to VREF' For more 
detailed information refer to Application Note 6 and 
Application Brief 1. 

In the case of oscillation at TIlliNKMON, hysteresis can 
be added to the ML4621 in two different ways as 
follows: 

1) Adding a feedback resistor from the TIlliNKMON 
output to the VTHADJ (this will only work if a resistor 
divider is being used to arrive at VTHADJ)' 

2) A capacitive feedback can be implemented by 
connecting a capacitor from the TIlliNKMON to the 
ISET pin on the minimum signal discriminator (this 
will apply if VREF is tied to the VTHADJ' 
Note: Adding a 300 ohm to 600 ohm pull-up resistor 
at the TIlUNKMON to +5Volt may be needed for the 
stability. 

Based on the layout, the value of the hysteresis resistor 
and capacitor change. Adding 7pF capacitor in the 
Ml4661EVAl board (Fig. 10) will serve this purpose. 
Since hysteresis has been added internally to the 
Ml4622 to increase the stability, the external hysteresis 
components are not required. 

'Micro Linear 10-87 



Application Note 15 

10-88 

Ml4622 

TTlLlNKMON 0--...... ---------' 

+VR. 

ECl + o--<l~-l 
3K 

ECL- o--<l~-l 

NOTE: IF TTlOUT IS USED, TIE GNDTTl TO UNFilTERED GROUND 
AND REMOVE Ll. IF TTLOUT AND ECl OUTPUTS ARE BOTH 
USED, ADD 3k PULLDOWN RESISTORS AT Eel OUTPUTS. 

Figure 2A Fiber Optic Receive drcuit A 
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Figure 28. Fiber Optic Receive drcuit B 
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Filtering Power and Ground 

Filtering is necessary since unintended feedback 
through the power supply system (the metallic 
conductive path of the +5V power line or the Ground 
reference line for the receiver) can create sustained 
oscillations or degrade the sensitivity of the receiver. 
Filters in the power supply for the post-amplifiers, 
comparator stages and the receiver, prevent noise 
generated by the quantizer output from being 
conducted back through the power system to the input 
amplifier stage. 

The quantizer inputs are sensitive low level inputs. Vee 
and Ground Decoupling are necessary. Disabling the 
TTL output (by connecting TTlGND and TTlvee to Vecl 
of the quantizer will also reduce noise. 

Attachment Unit Interface 

The Ml4661 and the Ml4621 can be used as an internal 
MAU with the option of having a shared AUI port or as 
an external MAU. Figures 3, 4, 5, and 6 show a detailed 
schematic for these three configurations. ' 

Internal MAU: The AU interface may be AC coupled 
through .11lF capacitors across DO, DI, CI pair (Figure 3). 
They may be DC coupled if the DC levels DO (2V to 
Vee - .5V), DI (3.6V to 4.5V), CI (3.6V to 4.5V) of the 
manchester encoder/decoder & the Ml4661 are the same 
(Figure 4). (If DC coupling is used, the BIAS pin is not 
connected and the 390 resistors are not needed.) if AC 
coupling interface is used, DO which is an input must 
be DC biased (shifted up in voltage) through the BIAS 
pin for the proper common mode input voltage. 

DI and CI are emitter follower outputs which need 
external 1KO or greater (depending on the particular 
manchester encoder/decoder) pulldown resistors to 
ground. 

By using 1K pulldown resistors we can minimize power 
dissipation by not having to drive the 780 AUI cable. 

Internal MAU with Shared AUI Port: The AU interface is 
AC coupled through isolation transformers T1 (Figure 5). 
This is to protect the transceiver chip, from 16V with 
respect to the system ground at AUI interface during a 
fault condition (as specified in Z4.1.6 and Z4.2.6 section 
of the IEEE 802.3 standards for both the driver and the 
receiver). In addition, it blocks the DC offset voltage of 
the AUI port that may not match that of the transceiver. 
An AUI connection requires termination impedance of 
780 [(R1+R2)II(R3+R4)] on the receive end of the 
transmission lines (DI and CI). The 3570 resistors for R3 
and R4 are chosen to properly bias the driver circuitry. 
The 2K resistors on TX+ and TX- provide common 
mode bias input voltage for the Ml4661. 

The 2430 resistors (RS, R6) drive the DO pair (either the 
DO pair of the AUI port of the Ml4661). The output 
AUI drivers of the transceiver must be tri-stated in 
order to not load down the transmission lines when 
the AUI port is connected and the FIBER OPTIC port is 
disconnected. Powering down the chip will cause the 
outputs to be in tri-state (refer to Application Note 13). 
This power down circuitry is shown in Figure 5. 

Application Note 15 

Figure 7. AUI Driver Circuitry. 

External MAU: The AU interface is AC coupled through 
isolation transformers (Figure 6). An AUI connection 
requires termination impedance of 780. Two 390, 1% 
resistors tied to DO pair provide impedance matching 
(780) as well as the proper common mode input 
voltage to the Ml4661. 

DI and CI pairs are emitter follower outputs. The 
output structure of the driver stage (RX+, RX-, COL +, 
COl-) is open emitter (Figure 7). The output is biased 
at typically 4.2V when high and 3.6V when low. That is 
a differential voltage of about + .6V across a 780 load. 

The pulldown resistors have to be chosen such that 
during transmission, a minimum of 2.0mA can be 
sourced by RX- or COl-. By using a 3600 pulldown 
resistors the RX- or COl- source 2.3mA and the RX+ or 
COl+ source 19.4mA as follows: 

IT = .6V/780 = Z7mA 

10+ = 11 + IT 
10+ = (4.2V/3600) + Z7mA 
10+ = 11.7mA + Z7mA 
10+ = 19.4mA 
10- + IT = 12 
10- = 12 - IT 
10- = (3.6V/360Cl) - Z7mA 
10- = 10mA - Z7mA 
10- = 2.3mA 

The termination resistance must be low enough 
(minimum 2000) to not shut off either of the output 
drive transistors, but not too low in which case the 
output transistors could saturate. 

Interfacing ML4661 to DP83950 

The Ml4661 and Ml4621 can be used in a HUB 
application. Figure 8 shows the interface between the 
Ml4661 and the National Semiconductor DP83950 
Repeater Interface Controller (RIC). The DI and CI pairs 
are DC coupled but DO is AC coupled with .11lf in 
each lead. The 1 KO pUlidown resistors on the DI & CI 
pairs provide the necessary source current to drive DI 
& CI pairs. 
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Interfacing ML4661 to T7201 

The T7201 is AT&T Multi-Port Repeater. The analog 
front-end of the T7201 interface is shown in Figure 9A. 
It consists of two main sections, Transmit and Receive. 

Transmit Section: The T7201 to line driver interface 
consists of the six signals from the T7201 (MXTD, 
MTXD, PD3-PDO, PDCTL). 

The T7201 HUB controller distributes the signal to all 
ports with the exception of the one that transmitted 
the data. The 74LS154 decodes the PD3-PDO address 
lines. The output of the 75LS154 then selects and 
disables the port that the data was received from. The 
MC10H351 that is selected (disabled) is the only output 
that is not transmitting data to its respective transceiver. 

The manchester data is provided by the T7201 on the 
MTXD and MTXD lines. The MTXD transmit output pin 
of the T7201 gets converted to the ECL differential pair 
by the MC10H351 and will drive the transmit pair (TX+ 
and TX-) of the ML4661. 

Receive Section: The ECL differential receiver output 
(RX- & RX+) of ML4661 must be converted to a TTL 
single ended signal. This is accomplished with the 
NE521. 

In addition, the incoming receive signal is fed into a 
gated line receiver RCV which is controlled by the 
squelch circuitry. 

Squelch Cirruit The squelch circuit differentiated noise 
from valid incoming data on the receive pair. It does 
this by detecting signals that are above a preset voltage 
threshold level for a sufficient period of time. When 
there is rio signal on the receive pair, the squelch 
circuit disables the line receiver, and deasserts the 
TPCO-TPC11 signal to the T7201. When a signal above 
the threshold arrives, TPCO-TPC12 is asserted, and the 
line receiver is enabled. The squelch circuit ensures 
that the receive circuits in the T7201 are operating only 

during packet reception. The circuit shown in Figure 9 
uses a high-speed comparator (NE521) with an offset 
threshold. The output of this comparator is fed to a 
retriggerable timing circuit that controls the TPCO-TPC11 
signal to the T7201. To ensure recognition of the Idle 
(end of packet signal), and to prevent midpacket 
deassertion of TPCO-TPC11, the timing circuit should be 
set to detect positive pulses between 1.5 and 2.0 bit 
times (200ns). The timing circuit can be implemented 
by using a quad flip-flop (74F175) clocked from a 
20MHz clock generator. The 74F175 activates TPCO
TPC11 for the pulses greater than 200m\f, within 150ns 
to 200ns timing window (four 20MHz clock cycles). 

FOIRL System Specifications 

Some of the key parameters required by the IEEE 802.3 
FOIRL Standard are listed below: 

Transmitter Specifications 

1) Peak Emission Wavelength = 790 to 860nm. 
2) Spectral Width < 75nm. This is determined by 

measuring the Full Spectral Width at Half Maximum 
Amplitude (FWHM)of the LED optical emission. 
This parameter must be measured at the maximum 
temperature at which the LED will be operated. 

3) Minimum Extinction ~ 13dB 
Extinction = I PI(ON) - PT(OFF)I, where PT = peak 
transmitted optical power measured in dBm. 

4) Optical RiselFall time T Rand T F < 10ns. 
5) IT R - T FI :c; 3ns. 
6) Transmitter Jitter :c; 2ns. 
7) PT(MAX) = -9dBm (PK) 

Launched power into 62.5/125 fiber with NA = .275 
8) PT(MIN) = -15dBm (PK) 

Launched power into 62.5/125 fiber with· NA = .275 
at the beginning of the LED lifetime. 

9) PT(MIN) = -18dBm (PK) 
Launched power into 62.5/125 fiber with NA = .275 
at the end of the LED lifetime. 
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Receiver Specifications 

1) Overdrive limit = -9dBm (PK) maximum. 
2) Sensitivity::::: -27dBm (PK) minimum. 
3) The data output of the receiver must be inhibited 

before the Bit Error Ration of the fiber optic link 
degrades to greater than 10-10 

Total Link Specifications 

1) Jitter at receive out ::::: 4ns. 
2) Transmitter/Receiver must be compatible with fibers 

having the following core/cladding diameters: 
50/125, 62.5/125, 85/125 and 100/140. 

3) Link must operate at a maximum length of 1Km 
with each type of fiber. 

10Base-Fl 
The IEEE 802.3 10Base-F task force has proposed a new 
fiber optic Ethernet standard that will update the 
original 1987 FOIRL standard. This proposed standard 
known as 10Base-FL describes a fiber optic link segment 
with enhanced performance and backwards compatibility 
with FOIRL. One of the enhancements for 10Base-FL, 
SQE test, is already included in the ML4661. This allows 
a FOIRL MAU to connect to a HUB or a DTE. Other 
modification have to do with extending the fiber optic 
cable length from 1,000 meters to 2,000 meters, and 
internal state machine modifications. 

The ML4662 is a 10Base-Fl transceiver which is pin 
compatible with the ML4661 and meets the 10Base-FL 
standard. This new part will plug into an existing 
Ml4661 socket and be pin for pin compatible. Note 
that since the fiber optic cable length has been 
extended for 10Base-FL, the Receive Sensitivity 
specification has been improved from -27dBm peak for 
FOIRL to -32.5 dBm average for 10Base-FL. An FOIRL 
design using the ML4661 today may want to target a 
receive sensitivity of -32.5 dBm average so that the 
product can be upgraded to 10Base-FL without 
a redesign. 

To upgrade a FOIRL MAU to 10Base-Fl, the following 
steps should be taken: 
1) Replace the Ml4661 with the ML4662. 
2) Remove 50pF to 100pF capacitor across RRSET 

(pin 13 of the ML4661). 
3) Set the receive sensitivity for -32.5dBM (average). 

Layout Considerations 
The fiber optic transceiver consisting of the ML4661 
transceiver and the ML4621/ML4622 fiber optic quantizer 
are simple to implement from a data point of view. 
Electrically, the quantizer is resolving 2 mv signals in a 
logic environment that has an abundance of 5 volt 
signals. The fiber optic receiver and the quantizer 
require careful layout, attention to noise coupling, and 
very clean power supply busses. The following 
recommendations should be considered while laying 
out the printed circuit artwork. 

Application Note 15 

Power Supply 

1) Isolate and filter the power and ground to the 
Ml4621/ML4622 (analog portion) and HP receiver 
(to ensure that noise is not coupled into the low 
level receiver inputs). This can be accomplished 
with a pi filter that has a 4 to 7JlH inductor in both 
the power lead as well as the ground lead. 

2) Make sure that adequate decoupling is used on 
both sides of the pi filter, on each chip, and at the 
fiber optic transmitter and receiver. The fiber optic 
receiver should be decoupled from the +5 Volt 
Filtered bus with a 10 ohm resistor and decoupling 
capacitor. Allow room for large (.47JlF) decoupling 
capacitors and determine if they can be reduced 
during testing of the prototypes. 

Ground Plane 

1) The printed circuit board should be a 4 layer board 
with the +5V. and ground each providing a shielding 
plane on the inner layers. The fiber optic receiver 
and the ML4621 analog front ends should have its 
own power supply planes separate from the +5 Volt 
and Ground planes for the remaining circuitry. 
These planes should be separated by an air gap 
physically and electrically by the power supply pi 
filter from the logic +5 volt and ground. 

2) Connect unused pins of HP receiver to the low level 
receiver Ground. 

Transmitter 

1) The transmitter output (TXOUT) traces should be as 
short as possible and make them wide to lower 
their characteristic inductance. 

2) Keep RRSET and RTSET traces (of the ML4661) and 
resistqrs away from each other. 

General layout 

1) The physical layout for the receiver should be in a 
straight line to minimize the trace lengths and 
potential for noise coupling between the logic 
signals at the output of the quantizer and the low 
level signals on the inputs. 

2) The trace from the output of the HP fiber optic 
receiver to the ML4621/ML4622 (VIN+, VIN-) should 
be as short as possible and shielded if possible. 

3) Because of the high gain low level input circuitry in 1"1 
the ML4621/ML4622, parasitic feedback from the II 
high-level logic-<::ompatible output must be kept to a 
minimum in order to prevent undesired oscillations. 
This is accomplished with a layout which physically 
separates the receiver inputs (VIN+, VIN-) and 
outputs (ECL+, ECL-, TILOUT, CMPEN, TILUNKMON, 
ECLuNKMON)· 

4) If the TIL outputs of the ML4621/ML4622 are not 
used, Connect GNDTTl and VCCTIL to +5 volt (this 
will disable the TIL driver). 
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Initial Debug of the FOIRL/l0Base-FL Board 
1) AUI is connected but Fiber Optic cable is not 

connected. 
a) Look for 1MHz Idle signal at pin 18 of the 

ML4661. If there is no Idle signal, verify the 
follo~ing: . 
i) Ground and +5V to the ML4661. 
ii) RRSET must be 61.9k (1%) at pin 13 of the 

, ML4661 to +5V 
iii) RTSET should be 162 ohm at pin 12 of the 

ML4661 to +5V to set the current driven by 
the TxOUT to 52mA. 

b) The LMON LED must be OFF. If the LMON LED is 
ON, check the TILUNKMON. If it is low, measure 
the noise level at filtered power and ground, 
VIN+ and VIN-' of the M~4621/ML4622. If the peak 
noise level at the input of the ML4621/4622 is 
greater than the minimum VINTH (Equations 1 
and 2), the TILUNKMON gets activated (low). 

c) The RX LED must be OFF. Otherwise there must 
be transitions on R)(+ and RX- (pins 25 and 26 of 
the ML4661) less than 3IJSec apart because of one 
of the following reasons: 
i.) Too much noise at the inputs of the ML4621 

(not filtering properly). 
ii) Feedback between the inputs and outputs of 

the ML4621/ML4622 (poor layout). 
iii) Crosstalk between TxOUT (pin 18 of the 

ML4661) and inputs of the ML4621/ML4622 
(poor layout). 
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2) Connect Receive Fiber (HFBR2416) to Fiber Optic 
LED transmitter (HFBR1414) which is sending active 
idle signal. (Either from another M~U's LED . 
transmitter or from the same MAU s LED transmitter 
with loopback disabled.) 
a) TneLMON LED must go ON and the RX LED 

must be OFF. If the LMON LED is OFF, verify the 
following. steps: 
i) The Receive Power must be within the 

FOIRLl10Base-FL standard range. 
ii) Verify the idle signal at VIN+ or VIN- of the 

ML4621/ML4622. 
iii) TILUNKMON (pin 2 of the ML4621) must be 
. low. 

b) If theRX LED is ON as well as the LMON LED, 
" check step1c. . ' 

3) Start to transmit. The LMON and TX LEOs must 
be ON. The RX and CLSN LEDs must be OFF in 
the transmitting MAU if two MAU's are being 
used. In this case, if the RX and CLSN LEDs are on, 
check step 1 c. . 

4) Disconnect the Fiber Optic cable from the 
HFBR2416. The LMON LED must go OFF. If the 
LMON LED stays on, check step 1b. The RX LED 
must be'OFF. Otherwise check step 1c. 

5) After successfully completing the initial debug of 
the FOIRL board, verify that the board meets 
FOIRLl10Base-FL specifications. 

Figure 10 is the schematic of the FOIRL evaluation 
board (ML4661EVAL) which meets the FOIRL standard. 
This board incorporates all the above critical points of 
the layout as shown in Figures 11 through 16. The 
ML4661EVAL is available for purchasing. 
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Theory and Application of the Ml4821 
Average Current Mode PFC Controller 

I. THEORY OF OPERATION 
The ever increasing importance of power factor correction 
has prompted the design and availabilitypf many power 
factor controller Integrated Circuits. Power factor " 
correction requires special control, circuits that are ableJo 
force the input current waveshape to .be sinusoidal and in 
phase with the input sinusoidal voltage. 

There are several ways that this can be accomplished. 
One method is the average current mode controlled boost 
topology power factor correction circuit, using the 
ML4821 dedicated average current mode controller Ie. 
This paper is going to present enough theoretical 
background information along with practical examples to 
enable the design of such circuits. 

Average current mode control can produce a high quality 
input sinusoidal current waveform. Although it can be 
used with many different power supply topologies, it 
excels when it is used with the continuous inductor 
current, boost topology. 

Power Factor Correction 
What is power factor? Enough has been said and written 
in the past couple years about this question. Therefore We 
are not going to elaborate on it. Instead we are going to 
look into how a power factor correction circuit operates. 

Figure 1, shows the simplified block diagram of a power 
factor correction circuit. The circuit functions by 
monitoring the input full wave rectified Hne voltage as 
well as the output voltage. The two feedback signals are 
combined to set up the current trip points thatshapethe 
input current waveform to be sinusoidal and yet still 
regulate the output over line and load variations. 

From now on we are going to use the acronym PFC 
instead of power factor controller. 

Figure 2 shows the basic circuit diagram of a PFC with all 
necessary connections made. The heart of the circuit is 
the current modulator. The modulator consists of a linear 
multiplier, a current amplifier, and a PWM comparator. 
ThesEithree functional blocks enable the circuit to force 
the rnput current to be sinusoidal. 

A current that is proportional to the input full wave 
rectified voltage is produced with the help of resistor RL. 
We will call this the reference. The reference is applied to 

'. one of the inputs ot the multiplier. The other input of the 
multiplier is the output of the error amplifier. For the time 
b~.ing we are going to a,ssume that the output of the error 
amplifier changes slowly compared to the line frequency. 
This is in general true.since the bandwidth of this 
amplifier is set low by its feedback components. 

The multiplier is a current input type. This enables the 
multiplier to have greater ground noise immunity. When 
thereis a current at its input, its terminal voltage is a diode 
drop between O.7V and 1 V. In fact it is part of a current 
mirror. Therefore a voltage source of low impedance 
should never be applied to this input. 

The output of the multiplier is current that is the product 
of the reference current and the output of the error 
amplifier that monitors the output voltage. This output 
current is applied to ,resistor Rc (see Figure 2). This voltage 
subtracts from the sensed voltage across Rs and is applied 
to the current ~rror amplifier. Under closed loop control 
the current error amplifier will try to keep this voltage 
differential close to zero volts. This forces the voltage 

CURRENT SENSE r .. ELEMENT 
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Figure 2. Basic PFC circuit 

produced by the return current on Rs to be equal to the 
voltage across Rc. Since this requires dissipative sensing, 
Rs is a power resistor of very low value. 

The amplified current error signal is then applied to the 
inverting input of the PWM comparator. The other input of 
the PWM comparator is the ramp generated by the timing 
capacitor of the oscillator. Pulse width modulation is 
obtained when the amplified error signal that sets up the 
trip point modulates up and down. 

The rest of the circuit is very similar to conventional PWM 
control schemes. In this topology however, the loops 
operate around zero volts. 

Multiple Loop Control 
The PFC circuit is a multiple loop controlled circuit. There 
are two control loops, not counting the fault control loops 
such as peak current limit and overvoltage protection. 

The first loop is the current loop that forces the input 
current to be sinusoidal. The second loop is the output 
voltage control loop that keeps the output voltage above 
the peak of the input voltage. The output voltage of a 
continuous inductor current boost regulator has to be set 
above the maximum peak of the input voltage in order to 
function correctly as a PFC. For a PFC that will operate to 
260VAC the output voltage should be at least 370VDC at 
its minimum point. 

To gain familiarity with the operation of the PFC it is 
necessary first to understand the waveforms and signals at 
the various critical points. Some of these waveforms are 
shown at the top of the schematic of Figure 2. By 
definition the average value of the input current follows a 
sinusoidal shape. That means also that the average value 
of the boost inductor L has to be sinusoidal. We say the 
average value because there is current ripple at the 

'Micro Linear 10~103 



Application Note 1 () 
switching frequency. 100KHz is a good trade-off point 
between inductor size and circuit efficiency. Switching 
losses in the circuit will include major losses in the 
MOSFET, output diode, and the inductor. Because the 
MOSFET is charged to the output voltage at every turn-off, 
switching losses will be significant at any input voltage 
and output current. The output diode must reverse recover 
high current with the full output voltage. Core losses in 
the inductor will not be as significant because the 100KHz 
AC ripple current is relatively low compared to the almost 
DC 120Hz rectified sinusoidal current. 

For the purposes of this next analysis we are going to 
ignore the current ripple in the inductor. Lets also assume 
that somehow the MOSFET duty cycle is such that the 
inductor is forced to carry a current that has a full wave 
rectified sinusoidal waveshape. From the operation of the 
boost circuit there needs to be equilibrium throughout the 
entire 50Hz or 60Hz cycle. Large signal equations 
describing the operation of the boost circuit should hold. 

and 

VIN 
VOUT=--

I-DON 

D VOUT -VIN 
ON= 

VOUT 

Since VIN = VIN(t) = 'v'2VINRMS lsin(wt)1 we get 

(1) 

(2) 

D d () VOUT-·,f'2'vINRMSlsin(wt)1 
ON = ON t = (3) 

VOUT 

Also by definition 

~(t) =..J2 POUT Isin(wt)1 
VINRMS 

(4) 

The MOSFET current is the inductor current chopped at 
high frequency with the above duty cycle. The diode 
current on the other hand is the inductor current chopped 
at high frequency with duty cycle (1 - dON(t). By 
substituting we can get an expression for the average 
current that passes through diode D (i .e. I D = id (t). 

Note that the I ittle hat on top of the variables denotes 
average value. 

~(t) = fL<t)(I-dON(t» 

By substituting (3) and (4) into (5), 

fd(t)=2 POUT sin2(rot)~ 
VOUT 

~ fd(t) = POUT _ POUT cos(2wt) 
VOUT VOUT 

(5) 

(6) 

As can be seen from the above equation the diode current 
consists of two parts. It has an average valu¢ consistent 
with the output power and output voltage (first term). Also 
it has an AC component with a peak value equal to that of 

. the average value. The DC part of this currentis simply 

the output load current. It flows through the output load. 
The AC part however flows through the output capacitor 
C. Consequently it may become a parameter when 
determining the value of this capacitor. 

Now lets get back to the loops of the PFC. Earl ier we 
mentioned that there are two control loops; an inner high 
bandwidth current loop and a much slower outer voltage 
loop. Figure 3 shows the two loops in block diagram form. 
First we are going to examine the two loops separately. 
Then we are going to see the criteria for proper 
connection. 

CURRENT POWER 
CONTROL STAGE 

LOOP 

l~ 
I 

VOLTAGE 
CONTROL ~ 

LOOP 

Figure 3. The two loops of a PFC. 
Inner current loop and outer voltage loop. 
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The Current Control Loop 
The current control loop constitutes the inner loop and its 
job is to force the input current waveshape to follow the 
shape of the input voltage. It does this by modulating the 
duty cycle of the MOSFET in the power stage. The input 
voltage is a full wave rectified sinewave. Thus it is 
harmonically rich. The current control loop along with the 
power stage has to have enough bandwidth to follow this 
full wave rectified waveform. It can be shown that a 
bandwidth of a few KHz is sufficient. In order to proceed 
we need to derive expressions that give the responses of 
both the power stage and of the current loop. 

As can be seen from Figure 4 the input of the power stage 
is the duty cycle output of the current pulse width 
modulator. Therefore we can describe the power stage as 
a functional block that has as its input the duty cycle 
information and as output the sensed voltage across the 
sense resistor Rs. The average current that flows through 
this resistor is equal to the average current that flows at 
the input of the PFC. 

We can define 

(7) 

as the gain of the power stage. The response can be found 
by assuming that the output voltage is constant and by 
using the state space averaging technique. The response 
shows a single pole roll off and is given by 

h(s)= VOUTDON(s) 
sL 

Since Vs(s)=Rsh(s), 

G () VOUTRS 
PS s =----;L 

(8) 

(9) 

The above expression gives the small signal gain of the 
power circuit in the complex s-domain. It is the ratio of 
the sensed current waveform voltage to the incremental 
changes in the duty cycle. We can go one step further and 
incorporate in the above power stage gain the gain of the 
pulse width modulator. To do this we first have to find the 
gain of the modulator itself. For that we have to know the 
amplitude of the applied ramp to the noninverting input 
along with the allowable voltage swing range at its 
inverting input. The gain of the modulator is 

!'!DON 
GpWM=-

AV-

where AY- is the voltage at the inverting input of the 
PWM comparator. 

(10) 

For the ML4821 the amplitude of the oscillator is 5.2Y 
peak to peak. Therefore when the voltage at the (-) of the 
PWM comparator changes by 5.2V the duty cycle goes 
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from zero to full duty cycle. If we assume that the 
deadtime is very small (normally around 5%) the gain of 
the PWM stage becomes 

GpWM =-1... 
5.5 

(11) 

Now we can combine the gains of the power and PWM 
stages to get the following 

G Vs(s) VOUTRS 
PST = V-(s) = 5.5sL (12) 

Note that in actuality V- (s) = VIA our(s). Therefore the 
overall current loop response will be determined by the 
responses of the current amplifier and the power stage. 
The overall response will be dictated by the required 
current loop bandwidth. For good waveform quality the 
total response should have a bandwidth of a few KHz. 

Determination of the Current Loop Bandwidth 
There is a theoretical upper limit for this bandwidth and is 
given by the following equation 

-~ feLCo - 6 (13) 

Thus for an operating frequency of 100KHz the maximum 
allowable current loop bandwidth is approximately 
16KHz 

The Gain Adjustor 
Analysis of the voltage control loop shows that as the RMS 
AC input voltage goes up, the system gain increases by 
VRMS. The gain increases with input voltage since the 
input voltage drives the one input to the multiplier. The 
second term is because the dl/dT on the inductor 
increases in proportion to the input voltage. 

Since the gain varies with VRMS , it then follows that the 
unity gain crossover frequency of the loop will change 
with a 1:8 ratio as the line changes from 90VAC to 
260VAC. This complicates the loop design since the wide 
variation in crossover frequency would require the low 
line crossover frequency to be set very low while the high 
line crossover frequency would be set high. 

The ML4821 cancels the square law dependency by 
adjusting the gain of the multiplier as a function of the II 
RMS input voltage. The multiplier gain is equal to: ~ 

1 
kV 

Where k assumes one of two values in the active region 
(active region is the voltage range that appears on pin #8 
that corresponds to the desired operating input voltage 
range). Voltage on pin #8 is a scaled down average of the 
rectified input AC voltage. Below we are going to see 
ways for designing an appropriate network that will 
accomplish this task. 

'-Micro Linear 10-105 



Application. Note 16 
Lets take a look at Figure 5. This curve shows the gain 
adjustor gain with respect to the voltage at pin #8. The 
curve has been separated in two parts. The right hand part 
is for operation under normal conditions in the voltage 
rang!! from minimum line.voltage to maximum line 
voltage (90VAC to 260VAC). 85VAC on the curve has 
been chosen to account for tolerances. Under normal 
operating conditions as input voltage decreases the gain 
increases compensating for the drop in the loop gain. 

Under brownout conditions (below 85VAC) the gain 
decreases to limit the amount of current that is drawn 
from the line thus preventing an overload condition. This 
is a veryuseful feature since in many cases the load for'a 
PFC is a constant power load. The input current has to go 
high to compensate for a drop in the input voltage. 
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Figure 5.K-factor. Gain adjustor gain with 
respect to the voltage at pin #8. 
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Figure 6. VRMS sensing network. 

Figure 6, shows the way pin #8 should be connected,to 
the input line, The network consists of R8, (3, 1<9, R15 
and C7 to form a twostage RC low pa,ss'filter and voltage 
divider. To calculate the values of the components, we 
must first select the minimum operating voltage point. 
Then we correspond this to the start of the brownout 
condition. From Figure 5,this is85VAC which ' 
corresponds to approximately 2V at pin #8. On thE! same 
axis 2.8V corresponds to 120VAC In other words when 
the input voltage is 120vAc the voltage at pin #8 must be 
2.8V. Therefore the output voltage of the below filter! 
divider network should be 2.8V. . . 

The RMS value of the input sinewave is equal to the RMS 
value of the full wave rectified sinewave after the full' 
bridge rectifier. The average value of the full wave 
rectified sinewave on the other hand is proportional to its 
RMS value and they are related as follows 

V ' Z..fIVINRMS 
AVG= (14) 

1r 

The average voltage at pin #8 is given by 

v: - R15 V 
PlN#8 - R8+R9+R15 AVG (15) 

Assuming: 
R8=910K 
R9 = 91 K 
R15can be found by equating the above equation 

to 2.8V and solving it. 

This yields an R15 value of 27K. The values of (3 and C7 
are chosen for good attenuation at 120Hz and minimum 
delay. Typical values are as follows 

C3 = O.l/lF 
C7 = 0.47/lF 

For most applications these values are good even though 
the values of the resistors may change to accommodate 
different brownout or operating conditions. The values are 
output power independent. . 

With the gain adjustor functional, the multiplier output 
current is given by 

IMO = Kx ISINE X (VEAOUT -0.8) (16) 

where 

ISINE = reference current through pin #5. 

K = gain adjustor gain (this quantity is dependent on the 
voltage present at pin #8). This is related to k from 
previous discussion. But 'is not equivalent. 

V EA OUT = output voltage of the error ampl ifier. 

The maximum value of the multiplier output current is 
limited by the value of the timing res.istor and it is given 
by 

(17) 
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Typical value for R21 for 100KHz operation is 6.2K, in 
which case IMO MAX = 4ooJ.lA. 
It is a good idea to limit the maximum output current of 
the multiplier below the current limit point, but high 
enough to get maximum output power. 

Output Capacitance 
This a good point to talk about the output capacitance. 
The parameters that affect its choice are I isted below 

1. Hold-up time capability, usually 20msec for 
computer power supplies. 

2. Ripple current handling capability. 

3. Allowable third harmonic distortion. 

The hold-up time capability is the amount of time at rated 
output power that will take the capacitor voltage to 
discharge. to a minimum operating voltage. The start point 
of the dropout should be the minimum operating output 
voltage, for this type of PFC th is is usually less than the 
nominal value of 380VDC. 

c - 2POUTtHW 
OUT - 2 2 (18) 

VOUTMIN - VOPMIN 

where: 

COUT= output capacitance. 

POUT = output power. 

tHLD = hold-up time, normally 20msec. 

VOUTMIN = minimum value of the output regulated 
voltage, normally happens at full load. 

VOP MIN = minimum input voltage of the driven 
load, usually a switching power supply. 

The chosen capacitor should be able to handle the ripple 
current that will flow through it. The peak value of this 
ripple current, as it was found earlier is equal to the 
output DC current. The RMS ripple current through the 
capacitor is 

lOUT DC 
ICOUTRMS=~ (19) 

The third consideration in the determination of the output 
capacitor is the output ripple voltage which can be found 
using the following 

IVOUTRIPPLElpEAK = lOUT DC ( 1 )2 + ESR2 (20) 
4nfL COUT 

where: 

fL = line frequency. 

ESR = ESR of the of the output capacitor. 

Application Note 16 
Depending on the amount of the output capacitor the 
contribution of the ESR on the output ripple voltage may 
not be ignored. 

The output ripple voltage will contribute to the third 
harmonic distortion of the input current. The actual 
amount will depend on the value of the output ripple 
voltage and the gai n of the error ampl ifier at 120Hz. 

The Voltage Control loop 
The inner current control loop can be modelled as a 
controlled current source. This simplifies the analysis of 
the voltage control loop. 

Typical loads for a PFC are switching power supplies 
which are essentially constant power loads. These kinds of 
loads exhibit negative resistance at their input terminals. 
An increase in the input voltage causes a drop in the input 
current. It is therefore important that the voltage control 
loop error amplifier is correctly compensated. The two 
other types of loads are the constant resistance and the 
constant current. 

Before we proceed with the design of the voltage control 
loop we have to analyze the loop to find out what 
parameters affect its dynamics. Earlier we mentioned that 
this loop has a very low bandwidth. If the bandwidth of 
this loop is high, excessive amount of the second 
harmonic component present at the output will be 
injected in the control loop causing third harmonic 
distortion of the input current. 

Typical values for this loop are between 10Hz and 20Hz. 
To find the open loop voltage gain we have to calculate 
the change in the output voltage of the error amplifier that 
produces the required maximum output power change. 
This can be calculated by using the following expression 

ilV PINxRsxRL 
EAOUT = 2 (21) 

RMO xKxVRMS 

where: 

PIN = maximum input power. 

Rs = current sense resistor. 

RL = input voltage sense resistor that connect to pin #5. 

RMO = resistor at the output of the mu Itipl ier. 

K = gain adjustor gain at VRMS, from the curve of 
Figure 5, Kat 120VAC is 0.23. 

VRMS = input RMS voltage, this voltage is normally 
120VAC. 

Thus the open loop gain can be found to be 

IGv a L I = 20 log PIN 
... dB 2nfCoUTVOUTDCilVEAOUT (22) 

where: 

GV.OL. = open loop response for the voltage error 
amplifier. 
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The above expression gives the response of the magnitude 
with respect to frequency. The response has a -20dS/ 
decade slope and a constant phase lag of 90 degrees. 

A suitable error amplifier configuration is shown in 
Figure 7. 

VOUT SENSE 

c, 

Figure 7 . Error amplifier configuration. 

Calculation of the output voltage sense resistors Rh 
and R/: We have to pick a value for the output voltage 
under full load. The load regulation of the PFC can be 
expected to be 15 to 30V. Therefore if we pick a minimum 
output that is high under full load, there is the danger that 
under no load conditions the output voltage will be over 
400V. Normally a minimum value of 370V will result at a 
high value of less than 400V. The reason for this 
seemingly poor regulation is the configuration of the error 
amplifier with a feedback resistor Rfthat is close in value 
or less than Rh . Much better DC regulation can be 
obtained by using a blocking capacitor in series with Rf' 
but it will degrade the transient response of the circuit 
introducing a bounciness to the input current under 
transient conditions. 

VOUT SENSE 

'"I 

',I 
'::' 

RH I, -- MINIMUM EIA VOLTAGE = IV 
MAXIMUM EI A VOLTAGE = 4.4V 

lit 

/ 

Figure 8. DC part of the feedback circuit. 
It is used for sense component calculations 

The output voltage of the error amplifier should be 
designed for 4 to 5 volts maximum at full load~ Higher 
voltage gives better noise immunity and dynamic range. 
However that means the output voltage will have a larger 
variation due to its influenteon the output voltage . 
dividers. A good plate to start is 4.4V. A value for Rh fs -. 
picked that is normally between 680KQ and 1 MQ. In this 
case we are going to pick 825KQ. The value of the ' 
feedback resistor is found based. on the loop design 
criteria. With these two values and minimum output 
voltage defined, R/ can be calculated using the following 
formula. 

R/ = Rf(VOUTMIN -S)-0.6Rh (23) 

See Figure 8 for definitions of the parts. 

With the above chosen and calculated values one now 
can calculate the maximum output voltage under no load 
conditions as follows 

VOUTMAX=Rh(4.3+2..)+S (24) 
Rf R/ 

Calculation of the OVP components: The sense resistors 
for the OVP circuit are easier to calculate. The voltage at 
which point the OVP circuit will act is being determined 
in part by the maximum tolerable voltage at the output 
before damage due to overvoltage that can occur. A good 
rule of thumb which may not be applicable in all cases is 
to set a voltage that is 1 Oto 15V higher than VOUT MAX as 
calculated by the above expression. Therefore 
V OYP = V OUT MAX + IOV. 

OVP protection is facilitated by connecting a voltage 
divider to pin #11. The high side of this divider is 
connected to the output terminals of the PFC and the low 
side to ground. For the time being we are going to call 
these two resistors ROVPh and Rovp/. We are going to 
assume a value for the high side resistor and calculate the 
value of the low side. For that purpose one can use the 
following formula 

R SRoVPh 
OVPI=--

Vovp-S 
(25) 

The OVP pin on ML4821 isa multifunction pin. Pin #.11 is 
also used for remote shutdown. When this pin is pulled to 
ground the IC shuts down. The pin can be pulled to 
ground using a small signal FET or bipolar transistor such 
as the 2N2222. Due to this multifunctionality, the pin 
should be biased higher than 1.0V whenever the part 
needs to be operated without the input power applied. 
Extreme care should be exercised however when input power 
is applied. It should be made sure that the voltage on this 
pin reflects the correct divided down output voltage for 
safe operation. 

10-108 'Micro Linear 



11 OVP 

IUM 

SGND 

IAOUT 

IA-

1M 

ISINE 

MULTIPlIER 
VRMS 

ClOC~ 

Application Note 16 

1 
SGND -=-

SLEEP REFERENCE 
GENERATOR 
AND UVLO 

SGND~ 

Vee 15 

R, 
r-------------------~12 

SYNC 
r-----------------~~10 

CT 17 

Figure 9. Block diagram of the Ml4821 

Block Diagram of the ML4821 
Figure 9, shows the block diagram of the ML4821. So far 
we have covered most of the functions of this IC But there 
are additional functions to extend its usefulness in various 
applications. 

One of them is the SYNC function that enables the IC to 
frequency lock to an external osci Ilator. Pin #10 is 
reserved for this function. A positive pulse on this pin of 
2V or higher resets the oscillator's comparator and 
initiates a discharge cycle for the timing capacitor 
connected to pin #17. For proper operation however the 
ML4821 oscillator should be set to operate at a frequency 
that is roughly 10-15% lower than that of the external 
driving source. 

The rectangular block labeled multiplier combines both 
the multiplier function arid the gain adjustor functions that 
we mentioned earlier. 

Another useful function is the Soft Start function. This may 
be a useful function in some applications where 
controlled output voltage rise is desired. To use this 
function effectively however it is necessary to have an 
auxiliary bias power supply able to supply and maintain 
power to the control circuitry while the output voltage of 
the PFC is rising up slowly. The amount of the Soft Start 
capacitance required is a function of the delay in the 
output voltage rise time and the internal charging current. 

The undervoltage lockout function of the IC can be used 
for off-line start-up as shown in Figure 10. 

The Boost Inductor 
One of the key components in the PFC is the boost 
inductor. The value of this inductor affects many other 

design parameters. Most of the current that flows through 
this inductor is at low freque'ncy (assuming low 
percentage ripple). This is particularly true at the lowest 
input voltage where the input current is highest. 

Normally the acceptable level of ripple current is between 
10 and 20%. For operation at 100KHz the following 
formula will produce acceptable results 

L= 300 mH 
POUT 

(26) 

The peak to peak ripple current for any input output 
voltage combination can be found by using the following 
formula 

where: 

VIN = peak value of the input full wave rectified 
waveform. 

f= operating frequency. 

(27) 

For an output voltage of 380V the maximum peak to peak 
ripple happens when the input voltage is 134VAC and its 
value can be calculated using 

III _ VOUTDC 
LpcpMAX-~ (28) 

This ripple current which has a triangular shape will 
produce a ripple voltage at the switching frequency and 
its harmonics on the input impedance. 

10-109 



~ 

o 
I 
~ 
~ 

o 

, 
!: 
I" 
r"" 
5" 
I 

." 
QQ" 
c 
~ .... 
? 
~ 
:r 
II> 
3 
III 
e" ,." 

Q. 

~" 
Ql 
3 
Q -i-
N 
Q 
Q 

':;: 
"'l:I 
." 
I"'l 

AI 
I 

SA, 2S0V 
Fl 

;j~t ~. 
1, 03 D4 

----< 

D5~~ 

IN5406 
Rl .250 Cl 

.1 

D6~~ 

R8 
910K 

r--' 

R9 

R15 
'27K 

1 

R7 RIO 39K 
S60K 2W 

R5 

2K 

R62.7K 

91K 

C7= C4 
.47 1.5nF 

NOTES: 1. CAPACITOR VALUES IN ",F. 

D9 

... 
INS4116 

L1 .= 
• 
IN~l48 

07 -iC12 .1 + 
*C14 

~8 'fCB .1 470 

IN~I48 ':' 

C2 
Rll 

-j 11 8.2K 120pF 

20K RB .1 ~ IlIM - GND 18-

2 IA OUT CT 17 

j Lf~ 3 IA- Vm 16 
l.SnF C5 ~ 11\+ VCC ~ ~ 

91K 5 ISINE OUT 14 

R146 • EAOUT PGNDIW-
~7 fA- Rr 12-

C6 Fa VIIMS OVP II 

43nF .....ff S.S. SYNC 10-

ML4821 

R21 
R12 6.2K 
2.7K 

':' PGND 

2. PC BOARD OF THIS CIRCUIT AVAILABLE. CONTACT YOUR LOCAL MICRO 
LINEAR DISTRIBUTOR (ML4821·EVAL). 

010 

MUR8S0 

C16 

.01 

R22 

1~ Ql , 

7.3 I IRF840 

C8 Cl0 Cll 
.1 750pF 

1 

C19 
+ 
270 ( 

4S0V 

R18 

R17 

+ 

DC 
'UT 

:20 
'25K 

9 
O.2K 

~ 
'2.. fir 
~ 1:0-
= 
Z o 
(t' .... 
0'1 



The Input High Frequency Bypass Capacitor 
This capacitor which should normally be at the line side 
of the input bridge rectifier helps to bypass the high 
frequency ripple current. Its impedance is few Ohms at 
the switching frequency. Therefore there is a need for 
additional filtering at the input, if differential conducted 
noise specifications are to be met. Note that this capacitor 
has to be an approved across the line type (an X-type 
capacitor). 

II. DESIGN OF A 200W, 100KHz PFC 
The complete schematic diagram of a 200W PFC is shown 
in Figure 10. We are going to cover in detail the pin by 
pin design of this PFC We will use the formulas and the 
procedures presented in the previous sections. Although 
the design is at 200W it can easily be extended for power 
levels above that. 

We are going to start the design by choosing the main 
components such as the boost inductor L 1 and output 
capacitance. 

The Boost Inductor: We can use (26) for the calculation of 
the inductor value 

L = 300 mH = 1.5mH 
200 

(29) 

The maximum peak current that this inductor will see is 
simply the peak of the input sinusoid plus 1/2 the ripple 
current due to the switching action at 85VAC Assuming 
90% efficiency the input power will be 222W. This results 
in an input RMS current of approximately 2.6Arms with 
corresponding peak value of 3.7 A. The peak to peak 
ripple current at 85VAC is 540mA. Therefore the peak 
inductor current will be 4.0A. The choice for the core 
material should be such that the inductance value will not 
change when this current passes through the winding. 

It is important to remember that the higher the inductance, 
the lower the ripple current, which in turn means less 
filtering required on the input line to meet line conducted 
noise requirements. It also means lower core losses. The 
cost is more number of turns. 

Good candidates for core materials are: 

Powder Iron Cores 

Mollypermalloy Cores 

Gapped Ferrite Cores, provided that the gap is not 
excessive. 

Normally for any reasonable core material, core loss is not 
an issue due to the large number of turns required for such 
an inductor. The critical parameter is the change in their 
permeability under high current excitation, and a large 
number of turns. Therefore a careful analysis should be 
made to determine suitability of a core material for the 
given application. 

For the present application we are going to choose a 
powder iron core of toroidal form. The core material is 
from Micrometals Inc., and the part number is T184-40 
and it will contain 102 Turns. The inductor will maintain 

Application Note 16 

approximately 80% of its zero current inductance at 4.0A. 
Therefore the inductance value will drop to 1.2mH at 
4.0A. This will be the value that should be used to 
recalculate the peak to peak ripple current when time 
comes to design an input filter for the PFC Also because 
the ripple current will increase, the current limit point 
should be set higher to account for this variation. 

The Output Storage Capacitor: At an earlier section we 
mentioned the criteria for the selection of this capacitor. 
Lets assume that we need a hold-up time of 20msec and 
the output voltage is allowed to drop from 370V to 330V 
before regulation is lost in the driven switching power 
supply. We can use (18) to calculate a capacitance value 

c = 2x(200W)x(20msec) 285 F (30) 
OUT (370V)2 -(330V)2 JJ 

The rated voltage of this capacitor should be at least 450V. 
The closest standard value offered by UNITED 
CHEMI-CON is 270J.lF type SMG with a voltage rating of 
450V (a 330J.lF can also be used). Note that two 
capacitors of lower voltage rating can also be connected 
in series (i.e., 250V) provided that shunt ballasting 
resistors are also used. 

The Output Diode: The output diode (010) should be an 
ultra fast type capable of supporting the peak input current 
for a couple of milliseconds. Power dissipation is the 
limiting factor. For this design an MUR850 was chosen. 
Note that various manufacturers may be working on 
diodes with better reverse recovery characteristics. 

Surge Bypass Diode: This diode labeled 09 on Figure 10 
helps to bypass surges at the input line during start-up. 
This prevents' possible saturation of inductor L 1. 

Output Circuit Very High Frequency Bypass: Capacitor 
C16 serves this purpose. It is used to control the output dl/ 
dT loop. It can be a high voltage high frequency ceramic 
type of 0.01 J.lF. 

Oscillator Circuit: Pins #12 and 17. 

Timing resistor (R21): The choice for this resistor sets both 
the charging current for the timing capacitor, and some 
other internal currents. One of them is the maximum 
multiplier current (see formula 17). For a PFC operating at 
100KHz a typical value for this resistor is 6.2K. 

Timing capacitor (e11): For details on how to calculate its 
value refer to data sheet. For this application its value is 
720pF. 

Gate Drive: Pin# 14 

The gate driver of the IC can directly drive power 
MOSFETs, normally a series resistor is used to damp any 
oscillations that may arise due to parasitic trace 
inductances and the gate capacitance. Its value should be 
chosen such that it will not result in excessive switching 
losses. If two paralleled MOSFETs are driven then their 
gates should be decoupled using two individual gate 
resistors. 

For this example a gate resistor of 1 on was used. 
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Figure 11. Current limit and current sense circuit connections 

Depending on the layout a Scholtky diode may be 
necessary across the gate drive to ground due to substrate 
current injection which can produce unpredictable 
behavior. The cathode should be connected to pin #14 
and anode to ground. It should be placed as Close to the 
IC as possible. Substrate current injection occurs when an 
output pin is forced more than about O.SY below ground. 

Power and Signal Grounds: Pins #13 and 18 

These two grounds should go to ground plane and they 
should be connected together with the shortest possible 
trace length. 

VREF: Pin #16 

The VREF pin of the IC should be detoupled very well with 
a high quality ceramic capacitor. A typical value is 1 J.lF. 
For higher power levels (POUT> SOOW) additional 
capacitance may be required for proper operation. 

Overvoltage Protection: Pin #11 

This protects against accidental increases of the output 
voltage. As soon as a voltage higher thah the set limit is . 
detected the IC stops sending pulses to the MOSFET, until 
the voltage has dropped to safe limits. In a boost regulator 
if the voltage loop ceases to operate the only way to limit 
the output voltage from rising to destructive levels is the 
overvoltage protection circuit. 

Also due to the low bandwidth of the voltage control loop 
there may be situations that the voltage may rise to, ' 
destructive levels such as sudden removal of the output 

load. Under those conditions the OVP circuit will activate 
preventing further rise. 

Formula (2S) is used to set the activation limit of the OVP 
circuit. 

From Figure'l 0, assuming,the value of R20 = 82SK, R19 
can be found as follows 

RI9 5 x (825 X 103 ) = 1O.2K (31) 
400-5 

Vee: Pin #15 

This is the supply pin of the Ie. Normally a quality 
ceramic capacitor should be connected to this pin as 
close as possible to the body of the IC for effective 
decoupling. For low power applications « SOOW) 1J.lF 
may be sufficient, but for higher power applications 
experience shows that two individual capacitors could be 
necessary. 

In order to facilitate off-line start-up the IC has a large 
Under Voltage Lockout hysteresis. For bootstrapped 
operation a reservoir capacitor (C14) is charged with a 
small current through R10 which is connected to the input 
high voltage line. When the voltage on this capacitor 
reaches 16V the IC "wakes-up". A winding on L 1 (see 
Figure 10) "steals" part of the energy to supply the current 
requirements of the Ie. This way the circuit continues to 
operate. , 

The time that it takes initially for the voltage to reach 16V, 
and therefore for the circuit to start, is a function of the 
resistor R 10. This is a power resistor and for as long as 
power is applied it wastes power, usually about 2W. 
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The value of C14 is being determined by the current 
requirements of the circuit. (14 has to be sufficiently large 
for the circuit to bootstrap. However it should not be too 
large because it will take a long time initially to charge it 
to 16V, and turn on the IC 

Current Limit: Pin #1 

As in every switching regulator, there is a need for current 
limit in the PFC as well. To understand its operation better, 
lets look at Figure 11 . 

The current limit point is set by Rll and R5. The value of 
R5 can be selected first. Then the value of Rll is 
calculated using the following. In this case R5 = 2.0K. 
Assuming a current limit voltage of 1.2V across the sense 
resistor. 

Rll= VREF RS= VREF RS 
Vs IINRI 

where: 

lIN = current at which limiting action should start. 

RI = sense resistor. 

Rll = ~(2.0K) = 8.2K 
1.2 

(32) 

For proper operation, the sense voltage across R 1 that 
triggerS the current limiting action should be greater than 
the sense voltage produced at low line and full load. In 
this case current limiting action starts when the sense 
voltage is 1.2V. Therefore at full load and at low line the 
sense voltage should'be less than 1.2V. A 15% less voltage 
corresponds to 1 .OV. 

Current Sense Circuit: Pins #3 and 4. 

These two pins are used to sense the return current of the 
power circuit. The average value of this current is forced 
to follow the sinewave shape as being determined by the 
IC Pin #4 is at the same time connected to the output of 
the multiplier. As you recall the maximum value of the 
multiplier output current was set to be 400!!A by the 
timing resistor R21. 

In the current limit section we said that at maximum 
power and low line the sense voltage should be 1.0V. 
Therefore R6 should be chosen such that it will produce 
1 .OV at 400J.lA. 

R6 = l.OY = 2.7K 
400llA (33) 

Earlier we calculated that the expected maximum peak 
current is 4.0A. Using this value R1 can now be 
calculated 

RI= l.OY =0.2S0 
4.0A 

(34) 

The value of R12 which is a feedback resistor for the 
current amplifier is chosen to be equal to R6. This is set to 
cancel out the input bias current of the current amplifier. 
Hence R12 = 2.7K. 
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Design of the Current Loop 
Amplifier Components: Pins #2, 3, ,and 4. 

The design of the current loop is one of the most critical 
tasks in the overall design. To do that we have to have 
knowledge of the open loop response of the power stage. 
Equation (12) gives this response which is plotted in 
Figure 12. 
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I 
I 
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Figure 12. Open loop response of the power stage, and 
required boost for 16KHz loop crossover. 

The required gain boost for unity gain crossover at 16KHz, 
as set by (13), can be calculated by using (12). 

380xO.24 0.11 or -19dB (35) 2x frX S.S X (1 6KHz) X (1.SmH) 

An appropriate current amplifier response that will 
accomplish this is shown in Figure 13. The equations that 
give the asymptotic gain response in each one of the three 
regions are given belnw. 

I 
[I] ...... ·IGldB =201og2n1R12CS 

I I R13 [2] ....... G dB = 20 log R12 

[3] ....... IGldB = 20 log 2n I ~12 C2 

In order to complete the design of the current control 
loop, we have to calculate the feedback component 
values. Using (37) the value of R13 is found as 

201og R13 =19dB~R13=20K 
RI2 

CS= l2. ~CS=2.3nF 
2 x nx Ix R12 x 10 20 

(36) 

(37) 

(38) 

(39) 

(40) 
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Figure 13. Desired current error amplifier response. 

where: 

!= 1.5KHz' 

R12 = 2.7K 

Gain boost = 19d5 

C2 = 19 => C2 = 120pF 
2xlt'x!xRl2xlO W 

where: 

!= 68KHz 

(41) 

With the values ofthe feedback components now 
calculated we can plot the overall closed loop response of 
the inner current loop. Keep in mind that logarithmic 
slopes and gain values just need to be added to get the 
overall response. The result is shown in Figure 14. 

Calculation of R7, the ISINE Resistor: Pin# 5. 

In a previous calculation we have assumed that the 
maximum voltage of the error amplifier is 4.4V. The 
minimum voltage under normal operating conditions is 
about 0.8Y. That necessitates a change in the output 
voltage of the error amplifier of 3.6V from no load to full 
load. Note that due to feedforward compensation the 
output of the error amplifier will not change for line 
variations. It is important also to note that the amplifier 
output is capable of going to 7.5V. 

Equation (21) can be solved for R7. 

tJ.VEAOUT xKxVffMS xR6 
R7=~==~--~~---

Rl X PIN 

Substituting the known values in the above we get 

R7 = 3.7 x O. 23 X 1202 x 2200 535K 
21OxO.24 

(42) 

(43) 
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Figure 14. Overall closed current loop response. 

The nearest standard value for R7 is 560K. With this 
resistor value, the ISINE current should be calculated to 
check the input current range corresponding to the line 
input voltage range. The multiplier requires that the .Isine 
current be less than 500j.!A as suggested in Fig 8 of the 
data sheet. 

Design of the Voltage 
Loop Amplifier Components: Pins #6 and 7. 

Equation (22) gives the magnitude of the open loop gain. 
The response has a -20dS/decade slope with constant 90 
degree phase lag. To proceed with the design of the error 
amplifier feedback components we have to pick the unity 
gain crossover frequ~ncy. In this application we are going 
to crossover the OdS line at 10Hz. 

The frequency where the open loop response crosses over 
the OdS (unity gain) line can be found by solving (22) forI 
Figure 15, shows the open loop along with desired 
amplifier responses. 

!= PIN . . 
21t'COUT VourDc tJ.VEAOUT (44) 

f = 210 88Hz (45) 
2x 1!'X 270x 10-6 x380x3. 7 

Now we can complete the design of the error amplifier 
feedback components, For unity gain crossover at 10Hz 
the ampl ifier needs to have an attenuation of 19d5 at 
10Hz. 

201og R14 =-19dB=>RI4=92K 
R18 

(46) 

Then we calculate the value of C6. For that we look up 
the asymptotic break point of the response curve, which 
in this case is 40Hz. 

C6 = ___ 1_ = 43nF 
21t'fR14 2xlt'x40x(92K) (47) 
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desired error amplifier response. 
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Figure 17. Square RMS drain current 
versus input RMS voltage. 

Figure 16, shows the overall closed voltage loop response. 

Voltage sense resistor calculation: 

R18 was already assumed to be 825K. R17 can be 
calculated using (23). 

R17 = 5 x (825K) x (91K) 1O.38K 
91K(370- 5) - 0.6(825K) 

Losses In The Power MOSFET Ql: 

(48) 

There are three kind of losses in the power MOSFET, these 
are listed below: 

1. Conduction Losses, due to the conduction of the drain 
current. 

2. Capacitive Losses, due to the charge and discharge of 
the total drain source capacitance. This is a switching 
loss. 

3. Turn-On and Turn-Off Losses, these are also switching 
losses. 
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Figure 16. Total voltage closed loop response. 
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Figure 18. Switching power loss for a 200W PFC 
operating at 100KHz versus the input voltage. 

The conduction losses can be calculated by using (49). 
Equation (49) gives the RMS value of the drain current 
which can be used to calculate the conduction losses. As 
can be expected it is a function of the input power and 
input and output voltages. 

2PlN I 
IDRMS =--- 4' 

VlNRMS 
(49) 

The assumption made in the derivation of the above is 
that the ripple to average current ratio is very small which 
is normally true for this kind of PFC. It happens in the low 
input voltage range. In reality the nonzero ripple will 
increase the value of the calculated RMS current by a 
small amount. 

Figure 17 gives the value of the square of the RMS drain 
current with respect to the input RMS voltage. One can 
use this graph to calculate the power loss due to 
conduction in the MOSFET. This is simply 

PCMOSFET =lfJRMS X RD-SON (50) 
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For our design example the minimum line was 85VAC. 
Using the graph above that corresponds to a value of 4.5. 
Using an IRF840 typeMOSFET and assuming that its ON 
resistance at the operating temperature will be 50% higher 
than its 25°C resistance, the conduction power loss will 
be 5.4W. At 120VAC the power loss will be 2.2W, and at 
220VA<:: will be 0.34W! As you can see it is quite difficult 
to have an optimum circuit at the same time with wide 
input voltage range. For specific applications where the 
input voltage range is narrow it is more advantageous to 
have the,output voltage closer to the maximum peak of 
the input voltage. 

Lets give an example with respect to the last statement 
made in the paragraph above. Lets assume that the power 
level is still the same but that the operating voltage range 
is 85VAC to 135VAC and that the output voltage is 
200VOC. With these operating parameters (50) yields a 
value of 2.99, which corresponds to power loss of 3.6W, 
Compare this to 5.4W in the above example. 

Normally efficiency measurements are made at nominal 
operating voltages i.e., 120VAC. However the PFC should 
be able to function without failure at low line conditions. 
That necessitates careful selection of components and 
thermal design for good reliability. 

Capacitive losses in the MOSFET are due to discharge of 
the total drain source capacitance. We use the term total 
because the drain gate capacitance contributes to this loss 
too. The losses can be calculated using (51). 

If we assume a total capacitance of 350pF then (51) yields 
2.5W. 

PCAPD-S = l..CD-sV6uT Is (51) 
2 

The calculation of switching losses are a little more 
difficult since they are a function of many things such as 
gate drive conditions that may include the physical layout. 
In any case an equation that can be used to give some 
indication of these losses is given below: 

Po 2.,[2VoUT Is PIN tTR 
SWITCHING = V . (52) 

n INRMS 

where: 

tTR = transition time 

Is = switching frequency (= 100KHz in this case). 

Assuming waveform symmetry during both turn-on and 
turn off transitions and ignoring possible secondary effects 
we can use (52) to calculate the switching losses. Our 
example was designed at 120VAC and 21 OW input with a 
reasonable value for the transition time of 5.onsec. The 
resulting losses are approximately 3W. 

As a final step lets add up all the losses in the MOSFET·for 
120VAC. The resulting total loss is 7.7W. If this yields an 
unacceptable efficiency, an optimized MOSFET switch 
should be used. Loss calculations can be made using the 
three equations. Note that the derivation of these 
equations is rather long and tedious requiring careful 
modelling. 

III. EVALUATING A PFC CIRCUIT 
This part of the application note will give practical 
information that may be usefu I when tryi ng to get the 
bread board up and running to meet required 
specifications. It will show that measuring power factor, 
harmonic current content, and efficiency may impose new 
challenges to even exp/'irienced power supply design 
engineers. Also it will contain some performance data that 
may serve as a reference point. 

Waveforms 
Operating waveforms are shown in the following figures. 
They are taken with output at 200W and input at 120VAC. 
Figure 19 shows the power factor corrected input current 
waveform. Upper waveform is current at 1A per division. 
Voltage and current are in phase and identical. Figure 20 
shows the inductor waveform. The shaded portion of the 
upper waveform indicates the ripple current riding on top 
of a rectified sinusoidal current. The lower waveform is an 
expanded view of the upper waveform. Figure 21 shows 
the current limit waveform on pin 1. As the input current 
increases, the valleys of this waveform approach zero 
volts. However, because the mUltiplier current is limited 
to 400~, the current waveform will sag before the 
current reaches the current limit level. Current limit level 
is reached during a transient condition when the inductor 
current increases rapidly before the voltage loop can 
compensate for it. Figure 22 shows the output of the 
currentamplifier (pin #4). It sets up the trip points of the 
PWM comparator. 

REMINDER: The OVP pin requires at least O.7V for the 
chip to begin operation. 

Layout 
Board layout is critical in this application as it is in any 
power control circuits. One must pay close attention to 
the high current circulating paths. The control circuitry 
and it associated ground plane should be away from the 
high current power paths as much as possible. Current 
should be steered away from the high impedance nodes 
such as the input to both error amplifiers as well as to 
both current limit and OVP comparators. Also magnetic 
fields generated by the magnetics components as well the 
switching power components can inject noise into the 
high impedance nodes such as that to the current limit 
comparator. The heat sink should either be grounded or at 
least AC coupled to ground by a high frequency ceramic 
capacitor and kept as far away from the IC as possible. 

Power Factor 
Input power factor, harmonic current content, and 
waveshape are all used when describing the performance 
of a power factor circuit. It is important to keep in mind 
that regulatory specifications such as the IEC555 for 
Europe will require that just the harmonic current levels 
meet certain limits. The proposal currently sets these limits 
(for Class 0) as a function of power level up to 300W. 
Above 300W, the limits are absolute. Thus even a low 
power factor number at high input line voltage can easily 
meet the limits since the input current level is' . 
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Figure 19. Input current and waveform. 
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Figure 21. Current limit comparator. 

proportionally low. Nevertheless power factor is a good 
parameter for measuring the capabilities of a power factor 
circuit. 

To measure power factor, one must have a very reliable 
power meter that accurately measures both apparent 
power (product of RMS voltage and RMS current) and true 
average power. Some of the older model meters measure 
power factor by determining the phase angle between 
current and voltage waveform. Obviously this will not 
work for our purposes. 

True average power for distorted AC waveforms can only 
be determined when the current and voltage are 
simultaneously sampled which is then multiplied and 
integrated. There are several meters on the market that are 
possible candidates for this purpose. But none that we 
have looked at seem to do the job as well as the one 
offered by Voltech. The Voltech PM1 000 measures true 
power by sampling the waveform and analyzing the 
analog signal using digital methods. It uses DSP to filter, 
multiply, and integrate both voltage and current 
simultaneously. 

A study was done by comparing the results of a power 
factor measurement with the Voltech to that of another 
well known meter manufacturer who perform the 
multiplication and integration of the power signal VIA 
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Figure 20. Inductor current magnified 1 K times. 
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Figure 22. Current amp output. 

analog methods. Both meters gave nearly identical 
measurements when evaluated against a calibrated 
standard reference unit. However when the units were set 
up in the lab to measure power factor of an actual 
switching power circuit, only the Voltech gave the 
expected measurement readings. For whatever the reason 
the analog meter gave grossly false readings. Noise in the 
switching circuit is prime suspect. This does not suggest 
that meters with analog circuits can not be designed to 
reject noise and work effectively whatever the waveshape 
and environment. But one should be very careful about 
which meters are trustworthy when it comes to measuring 
power with non-sinusoidal and noisy waveforms. 

Harmonic current 
Harmonic current content can be measured using the 
Voltech PM 1000. It gives a percentage of the fundamental 
up to the 13th harmonic. Results of this method was 
compared to that of the HP spectrum analyzer 3585A. The 
results were quite close. The Voltech PM3000 which is a 
three phase power meter measures harmonic currents to 
the 99th. Results show that harmonic current level beyond 
the 13th harmonic remain low throughout the spectrum. 
The proposed IEC555 specification is expected to require 
harmonic current content conformity to the 40th. 
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Efficiency 
The three power devices add up to almost all of the losses. 
The inductor, MOSFET, and diodewere selected to meet 
desired performance specifications at relatively low cost. 
An IRF840 seemed to provide the best performance at 
these power levels . .A larger MOSFET (APTS02S) did 
improve efficiency at low input voltage. However its 
I arger output capacitance increased switch i ng losses 
significantly at 100KHz. A very common 8A ultra-fast 
rectifier (MUR8S0) was used for the output diode. This 
oversizing was done because larger diodes have lower 
reverse recovery times for a given current level. New 
diodes have been introduced with lower reverse recovery 
times. A low cost ferrite EC core was used with AWG21 
wires. There was very little temperature rise in the 
magnetic material. However the wires heated up at low 
input voltage where RMS current is significant. A low cost 
powdered iron with AWG20 magnet wire was also tried. 
Efficiency decreased about one percent. 

Efficiency measurement requires accurate measurement of 
the output average power as well as the input average 
power. Because the output voltage as well as output 
current is DC, one might just measure the two readings 
using typical lab bench top DMM. However for one 

Table 1. Performance Data 
PO = 50W PO= 100W 

Vo Po Pi PF n Vo Po Pi PF 

IFUNDAMENTAl IFUNDAMENTAl 

%HARMONIC 3rd 5th 7th 9th 11th 3rd 5th 7th 9th 

reason or another, this output power measurement did not 
match the measurement results of the average power 
reading of the Voltech power meter. The output power 
measurement was off by a factor of almost 6%. The bench 
top DMM used was Fluke's 80S0A. To get truly accurate 
efficiency measurements, the same power meter should 
be used to measure both the output power as well as the 
input power. 

Efficiency measurements for this application note was 
done on a Voltech PM3000 three phase power meter. This 
meter allows the connection of both the input power as 
well as the output power into one metering unit. 
Efficiency can be,easily determined 9Y measuring the 
input and output power with a push of a button. Accuracy 
however does not come easy evenwith this approach. 
The output power reading randomly varied up to 3% 
under steady state conditions. 

Two different model meters from the same manufacturer 
gave current reading that was off by two to three percent. 
This might indicate that even if one was to go out of the 
way to obtain two same meters from the same 
manufacturer, efficiency measurements as well as other 
parameters may not be guaranteed to be as accurate as 
one may require. 

PO= 150W PO = 200W 

n Vo Po Pi PF n Vo Po Pi PF n 

IFUNDAMENTAl IFUNDAMENTAl 

11th 3rd 5th 7th 9th 11th 3rd 5th 7th 9th 11th 

13th 15th 17th 19th 21 st 13th 15th 17th 19th 21 st 13th 15th 17th 19th 21 st 13th 15th 17th 19th 21 st 

395 54 62 0.990.87 387 105 117 0.99 0.90 379 153 166 0.99 0.92 371 197 218 0.990.90 

VIN = 90VAC IFUND = 0.67 A IFUND = l.3A IFUND '= 1.8A IFUND = 2.4A 

3.5 1.7 0.04 0.32 0.30 3.1 1.6 0.02 0.23 0.21 2.9 1.5 0.05 0.22 0.24 2.4 1.6 0.20 0.27 0.37 

0.06 0.05 0.05 0.01 0.11 0.04 0.03 0.06 0.01 0.01 0.090.180.180.120.13 0.24 0.24 0.24 0.15 0.15 

393 52 61 0.99 0.85 386 105 115 0.99 0.91 378 150 161 0.99 0.94 369 194 212 0.99 0.91 

VIN = 120VAC IFUND = 0.51A IFUND = O.96A IFUND'= l.3A IFUND = 1.8A 

3.7 2.2 0.12 0.46 0.37 3.2 1.9 0.05 0.29 0.25 3.1 1.9 0.01 0.21 0.26 2.9 1.9 0.090.150.12 

0.14 0.05 0.08 0.05 0.23 0.10 0.07 0.11 0.05 0.03 0.07 0.05 0.09 0.07 0.D3 0'.09 0.03 0.03 0.01 0.02 

394 52 60 0.96 0.87 385 105 114 0.99 0.92 378 151 163 0.99 0.93 369 190 207 0.99 0.92 

VIN = 180VAC IFUND = 0.34A IFUND = 0.64A IFUND = 0:87A IFUND = 1.2A 

4.6 2.3 (6 2.1 2.7 4.7 2.2 0.06 0.51 0.49 4.5 2.0 '0.03 0.39 0.34 4.4 1.7 0.08 0.31 0.28 

1.9 1.0 0.87 0.95 0.66 0.180.170.120.120.08 0.11 0.12 0.12 0.10 0.04 0.11 0.09 0.09 0.04 0.02 

39.3 53 61 0.93 0.87 383 102 114 0.970.90 374 150 162 0.99 0.93 365 192 207 0.99 0.93 

VIN = 220VAC IFUND = 0.28A IFUND = 0.52A IFUND = 0.71A IFUND =O.95A 

5.4 2.4 0.21 1.0 1.0 5.3 2.8 0.02 0.77 0.51 4.9 2.3 0.08 0.56 0.35 4.7 23 0;06 0.47 0.33 

1.8 2.8 2.7 2.0 1.0 0.41 0.47 0.38 0.25 0.15 0.21 0.25 0.23 0.17 0.06 0.15 0.21 0.180.180.04 

394 53 62 0.87 0.85 387 103 15 0.95 0.90 379 153 164 0.97 0.93 372 195 208 0.98 0.94 

VIN = 260VAC IFUND = 0.24A IFUND = O.44A IFUND = 0.6JA IFUND = 0.82A 

6.2 4.5 0.59 0.76 1.3 5.3 3.4 0.94 0.47 1.7 4.9 2.8 0.27 0.63 0:58 4.7 2.4 0.16 0.51 0.34 

0.96 1.1 0.36 1.5 2.3 1.4 0.80 1.0 1.4 1.0 0.26 0.35 0.53 0.24 0:10 0.24 0.26 0.38 0.14 0.01 
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The following are specifications to two inductors that may 
be considered for the 200W PFC converter. 

Magnetics, Inc. 
(412) 282-8282 
OP44317 (Ferrite, EC) 
Np = 118 turns, AWG21 
Ns = 5 turns, AWG30 
gap = l.7mm 

Micrometals 
(714) 630-7420 
T184-40 (Powdered Iron, Toroid) 
Np = 102 turns, AWG20 
Ns = 3 turns, AWG30 

Application Note 16 

Performance Data 
Table 1 shows the results obtained from an application 
circuit. Pertinent power and power factor measurements 
were taken as well as the harmonic current content as a 
percentage of the fundamental. It is intended to be a 
typical reference point in which to judge new designs. It is 
not unlikely that the performance can be improved and 
optimized via various methods. 
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by Mehmet K. Nalbant 
Phase Modulated PWM Topology 

with the ML4818 

INTRODUCTION 

One of the biggest goals in power supply design is to get the 
maximum amount of output power while maximizing 
efficiency and minimizing both the cost and size of the 
respective power supplies, There are many conflicting 
parameters in trying to do so. For example, lets examine 
how the size of a power supply is a strong function of the 
size of the passive storage elements. It is well known that the 
size of inductors and capacitors greatly depends on the 
operating frequency. The higher the frequency the smaller 
the inductors and capacitors necessary, Increasing the 
operating frequency is one thing, implementing it is another. 
It is also a well known fact that increased operating 
frequencies result in lower efficiencies in PWM controlled 
switched mode power supplies. 

Increasing the frequency of PWM controlled power supplies 
was one solution in the reduction of the passive elements. 
That posed some limitations due to the nature of operation. 
Simultaneous conduction of high currents in the presence of 
high voltage during turn-on and turn-off times at high 
frequencies resulted in high switching losses. Thus violating 
one of the most important parameters of the switching 
power supply design that is the efficiencies were now lower 
than in lower frequency operation. 

This application note will introduce the "Phase Modulated 
PWM Topology" that overcomes many of the shortcomings 
of conventional PWM topologies at high operating 
frequencies. 

LOSSES IN SWITCHING POWER SUPPLIES 

The typical losses in switching power supplies can be 
divided in two classes conduction losses and switching 
losses. The most common switching element used in 
modern switching power supplies is the power MOSFET. 
This device when enhanced for conduction has a finite 
channel resistance named RDS(ON)' When current passes 
through this device conduction losses result which are 
proportional to: 

~ _12 R 
C - DSIRMS) DSION) 

In addition to the conduction losses, due to the switching 
action of the device in the presence of high currents and 
high voltages, there are also switching losses. These losses 
can be further subdivided in turn-on, turn-off and capacitive 
discharge losses. Figure 1 shows how turn-off losses can 
result during switching in a simplified way. 

I~ts 

,.--,...-., 

Figure 1. Waveforms in the switching element in a 
switching power supply during turn-off, assuming 

linear rise and fall. 

The energy in turn-off instance can be found by integrating 
the product of the voltage and current waveforms over the 
cDmplete switching interval i.e., 

WtOFF = f;5 vtitdt 

Assuming linear waveforms and symmetry the above 
integral can be simplified to the following: 

1 
W'OFF = '2IPEAK VPEAK t5 

The total power lost therefore can be found by multiplying 
the above with the repetition rate, that is the switching 
frequency hence 

To give an example suppose that the power switch switches 
10 amps at 380 volts for SOnsec at 100KHz. The resulting 
power loss due to just this event would be 9.5 Watts. At 
200KHz it would be 19 Watts and so on. This power loss 
must be dissipated by the switching element and poses a 
problem for the adequate removal of the generated heat. 
One can appreciate the losses at even higher frequencies. 
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Turn-on switching losses result in a similar manner. 
Assuming again symmetry the turn-on losses can be found 
by integrating the current and voltage waveforms over the 
switching interval. 

We are going to see later that the switching event is more 
complicated than what is depicted above due to the 
presence of parasitic inductive and capacitive components 
such as leakage and lead inductances and drain source 
capacitances. 

To reduce the switching losses several methods were used 
such as dissipative and non dissipative snubbers. As the 
name implies dissipative snubbers dissipate their energy as 
heat, whereas the non-dissipative snubbers return their 
energy back to the input line, thus tending to be more 
efficient. In any case even with the use of non dissipative 
snubbers there remain problems that limit the maximum 
operating frequency. 

Several respected institutions along with many 
manufacturers tried to find a way around the above 
problems. This resulted in the proliferation of several new 
power supply topologies with each one claiming to be the 
solution for operation at high frequencies. 

Resonant power supplies thought to be a possible solution 
had their own share of problems. Although not a new 
technology they found a home in some applications. They 
were never really widely accepted by the industry. Part of 
the reason was the absence of analytical tools for the 
analysis and design and suitable controllers. Thanks to the 
efforts of many people they are better understood today but 
most of the manufacturers are still reluctant to put products 
on the market based on this technology. 

Resonant power supplies encompass a wide range of 
topologies and they can be subdivided into three major 
subclasses. These are as follows: 

1) Current resonant or zero current switching ZCS. 

2) Voltage resonant or zero voltage switching ZVS. 

and 

3) Multi-resonant, in the majority of which both the 
current and voltage is resonant. 

It is beyond the scope of this application note to give an 
exhaustive explanation for each type of the resonant 
conversion techniques. For more information, the interested 
reader can draw on the vast amount of technical papers 
published over the last few years. It suffices to say that 
among the resonant conversion techniques one that is of 
particular interest for high frequency operation is the zero 
voltage switching, or ZVS. 

Switches such as power MOSFETs have a drain-source 
capacitance of several hundred picofarads. When this 
capacitance charges and discharges, energy is lost that 
results in power loss. Figure 2, shows a typical power switch 
configuration. 

Application Note 19 

~
VClAMP 

CDS r PARASITIC DRAIN-SOURCE 
___ l-___ -+--___ --.J CAPACITANCE 

Figure 2_ Typical switch stage of a switching power supply, 
with the parasitic drain-source capacitance 

shown explicitly_ 

The amount of power lost can be calculated by using the 
following formula 

P- 1 C V2 f -'2 DS CLAMP 

As an example consider the following case CDS = 500pF, 
V = 380 volts, f = 500KHz a circuit with these parameters 
results in a power loss of 18 watts. Therefore one can see the 
importance of capacitance CDS. 

In switching power supplies as we mentioned earlier it is 
often advantageous to use an external drain-source 
capacitance in the form of a snubber. This takes some of the 
burden of the switching loss from the switching device and 
puts it on the snubber circuits_ The use of such capacitors 
further compounds the problem of capacitive discharge 
losses. If a way could be found to discharge the total drain
source capacitance non-dissipatedly then that would 
represent a solution to the problem. Figure 3, shows this 
concept, for the time being we are not going discuss the 
actual implementation of such a circuit. It is evident from the 
diagram that the switching loss can be reduced to zero if the 
voltage were also zero. From these diagrams it is evident that 
turn-on and turn-off power losses will be zero. Total 
switching times are in the order of 100nsec. 

Zero Voltage Switching techniques represent such a solution. 
There are some limitations and shortcomings even to these 
techniques. When ZVS is accomplished through resonance 
of the voltage waveform then the design and analysis of such 
power supplies is more complicated. As a rule of thumb the 
operating drain currents are also higher than in PWM n 
controlled power supplies. III 
To summarize, the ideal power supply would be the one that 
doesn't have operating frequency limitations because of 
switching losses,would be easy to design and manufacture 
and will be cost effective utilizing each one of its 
components to their fullest extent. In the next section we will 
discuss such a topology that has many of these desirable 
characteristics. 
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Figure 3a. Ideal turn-off waveforms of a ,ZVS 
switching element. 
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Figure 3b. Ideal turn-on waveforms of a ZVS 
switching element. 

Figure 4. Typical H bridge power switCh configuration as it is used in medium to 
high power switching power supplies. 

PHASE MODULATED PWM TOPOLOGY (PMPT) 

Phase modulated PWM Topology although not a panacea 
has many of the favorable characteristics mentioned above. 
It is a promising topology for medium to high power 
systems. Basically it is a full bridge topology with 
appropriately coordinated gate drive waveforms for each 
one of the MOSFETs in the H bridge. Its operating 
waveforms are very close to ideal. Turn-on and turn-off 
switching losses are almost eliminated. Operating drain 
currents are almost equivalent to those of a regular full 
bridge PWM topology, thus it does not require the use of 
expensive large die area MOSFET switches. The only 
difference is how the two topologies handle their respective 
switching events. 

The analysis and design of the power circuit of the PMPT 
topology is identical to that of the classical PWM topology. 
Having said that, there are special set of considerations 
associated with the design of a high frequency high power 
transformer used in the PM PT. 

The key idea behind the PMPT is that the voltage across 
the MOSFET is allowed to swing to "zero volts" just 
before the start of the next conduction cycle in the 
respective switches. 

Figure 4, shows a typical H bridge configuration, the diodes 
and the capacitors across the MOSFETs are the intrinsiC 
parasitic components present in these components. Typical 
values for the capacitors range anywhere from 1 OOpF to 
SOOpF for the larger devices. The reverse recovery time of 
the body diodes are in the range of 1 OOnsec.ln the figure 
snubber circuitry has not been shown. 

The power switch section of the PMPTis identical to the one 
shown in Figure 4. To achieve PMPT operation the switches 
must be driven differently. In the regular PWM topology, 
gate drive is applied to the two diagonal switches based on 
the required duty cycle, then there is a period during which 
all switches are OFF (deadtime) and then gate drive is 
applied to the opposing diagonal switches. 
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Figure 5a. PMPT power circuit cycles. 

In the PMPT in order to accomplish ZVS, the leakage, and 
magnetizing inductances of the power transformer are 
utilized along with the drain-source capacitances of the 
power MOSFETs. The ,body diode of the MOSFETs also 
serves to clamp positive and negative going voltages. Thus 
the parasitic components of the MOSFETs are put to good 
use with this topology. 

Sometimes in order to further reduce the turn-off losses 
additional capacitance may be necessary across the drain
source of each MOSFET. 

The operation of the PMPT is best understood by examining 
one full cycle of events in the power circuit. Forthe time 
being one can assume that the power transformer 
magnetizing and leakage inductances will behave as current 
sources. Figures Sa and Sb show the power stage of the 
PMPT through one complete cycle. 

1. The two diagonal MOSFETs are conducting, power is 
delivered through the transformer to the load. The primary 
load current is flowing through the leakage inductance of the 
transformer. The total primary current is equal to the load 1 'j 
current plus the increasing magnetizing current of the , 
transformer. The magnetizing current is of importance here 
si nce when the output load is very light there is very little 
reflected load current to complete the ZVS action. 

2. Q4 turns off, the capacitance across Ql was charged to 
+V when Q4 was ON with the turning OFF of Q4 the 
current through the transformer inductances starts to charge 
the drain-source capacitance of.Q4 while at the same tirne 
discharges the capacitance of Q1. This action continues 
until the body diode of Ql turns ON to clamp the voltage 
across Ql to approximately -O.7V. The current through the 
transformer is sustained in the upper half of the power circuit 
as shown in the figure of phase (2). 
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Figure 5b. PMPT power circuit cycles. 

3. When the voltage across Ql reaches approximately "0 
volts" Ql tums ON. The time that is required for the 
capacitance of Q4 and Q1 to reach the desired voltage is 
programmed as delays in the gate drive waveforms of the 
controller. This delay is programmablewith an external 
resistor for complete flexibility. The current in this phase is 
circulating through the condUCtion channels of Q3 and Ql. 

4. Q3 turns off, the transformer current now starts to charge 
and discharge the capacitances of Q3 and Q2 respectively. It 
requires again a finite amount of time for the drain voltage of 
Q2 to reach "0 volts" this time is consistent with the 
programmed delay at the outputs of the controller. It is the 
presence of this delay that makes ZVS possible. When the 
voltage across Q2 reaches "Ovolts" then Q2 will be turned 
ON with no voltage across it. Thus accomplishing our goal 
of non-dissipative turn ON switching. 

5. With the complete discharge of its drain source 
capacitance Q2 now is ready to turn ON. Power is delivered 
to the load through the condUcting path of Ql andQ2 for 
an amount of time that is determined by the control circuit. 
The product of this time, times two, times the operating 
frequency of the oscillator gives the duty cycle of the 
converter as in regular PWM converters. 

Duty Cycle = 2tONf 

Thus the calculation of output voltages or of the required 
transformer turns ratio becomes a task that is quite similar to 
that ofthe regular PWM converters. The difference is that,in 
regular PWM converte,rsthe magnetizing inductance is 
maximized in order to get the minimum amount of 
magnetizing current. In the PMPT magnetizing c.urrent has to 
be at certain level to facilitate ZVS when the reflected load 
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current to the primary is insufficient to do so. This 
magnetizing current adds to the reflected loa~ ~urrent thus 
requiring the use of a lower Ros MOSFET. This IS the penalty 
paid by using the PMPT. In any case the requirements are far 
less if conventional resonant technique were to be used. 

6. Following the power transfer of the above diagonal pair, 
Q1 turns OFF. The voltage across Q4 starts to decrease, and 
when this voltage reaches "0 volts" the next phase starts. 

7. In this phase Q4 turns on and the primary current . 
circulates in the conduction channels of the lower pair. 

8. Q2 turns OFF and the current starts to charge a~d 
discharge the capacitances ofQ2 and Q3 respectively. 
When the voltage across Q3 has reached "0 volts" then Q3 
turns ON non-dissipatedly and the complete cycle repeats 
itself from phase (1). 

10~S~H~U~T~D~OW~N~ ______________________________ -1 
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Application Note 19 

CONTROL CIRCUIT CONSIDERATIONS 

The ML4818 PMPT controller has been designed to generate 
all the necessary timing and gate waveforms, and it contains 
logic circuitry for effective fault management that is of 
paramount importance in high power switching power 
supplies. 

The control method involved i nsteap of attempti ng to 
change the pulse width of the switches, changes the pulse 
width of the power pulse. Each of the switches operates 
under constant duty cycle that approaches 50%. In actuality 
the duty ratio is in the range of 40% to 45%. The re~aining 
5% to 10% ofthe time is being used for the ZVS action to 
take place. The above percentages may change with various 
operating frequencies. The effective maximum power pulse 
width can be much closer to 50% for optimum performance 

REFERENCE 
AND 

UNDER-VOLTAGE 
LOCKOUT 

Q 1-..------1 

INHIBIT 
OUTPUTS 

VREF 24 

vee 20 

~-t-iT Q 1--.-+------+--1 

12 RCRESET 

GND [::J 

'PINS 1, 6, 7, 15, 18, 19 AND 23 ARE GND 

Figure 6. Functional Block diagram of the ML4818. 
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at lower frequencies (for example at 100KHz). A 
demonstration board is available from Micro Linear that, 
operates at about 500KHz. Probing this board is a very good 
way of learning about the various operating modes of this 
very important class of PWM topologies. 

Lets now discuss how phase modulation is accomplished. 
Earlier we mentioned that each of the four switches in the 
power bridge circuit has its own gate drive waveform. That 
requires four individual gate drive signals to be generated by 
the control circuit. This is exactly what the ML4818 does. 
The controller has four outputs that can directly drive the 
four MOSFETs. Figure 6 shows the internal block diagram of 
this controller. . . 

In order to fully understand the control mechanism, we will 
look into the heart of the controller. Figure 7 shows the 
phase modulator core of the controller. All fault and 
supervisory circuitry has been left out. Also both of the 
complementary outputs and all driver and delay blocks have 
been left out for further simplicity. By examining how the 

Figure 7. Phase modulator of the ML4818. 

Figure 9. Timing waveforms of the basic p~ase modulator at 
the absence of stimulus other than the dock pulse. 

other two outputs behave, one is able to grasp the basic 
operating principles of the phase modulator. 

As can be ~een from Figure 7, the core of the circuit is quite 
simple. Assuming thatthe two comparators are inactive for 
the time being the only stimulus that the circuit receives is 
from the clock pulse. Under this assumption the circuit 
reduces to the one shown in Figure 8. 

From Figure 8, clearly if the set input of FFB is always logic 
"0" then the "Q" output of FFB will be reset or logic "0": 
From the operation of the exclusive OR gate then the "B" 
output will be equal to the inverted output of FFA i.e., 
outputs A and B will be 180 degrees out of phase from each 
other. Figure 9, shows the relevant waveforms. 

If now we assume that a periodic stimulus is present at the 
set Input "5" of FFB occurring at some instance other than 
the clock pulse instance then the resulting waveforms will be 
different as is evident by examining Figures 8 and 9 .. The 
resulting timing diagram is shown in Figure 10. 

Figure 8. Phase modulator control logic. 

SET INPUT 
OFFFB 

:_tMOD 
I 

Figure 1 O~ Resultingtiming waveforms when there is a 
periodic stimulus at input "S" of FFB with period T equal to 

the period of the dock pulse. 
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TRIP POI NT OF PHASE 
ERROR ;: MODULATOR COMPo 

AMPLIFIER I 
LEVEl I 

SET INPUT 
OF FFB 

Figure 11. Generation of the set pulse for FFB. Ramp shape 
may be different in actual application. 

Output" A" is free toggling whenever the clock pulse is 
present, whereas output "B" is the exclusive OR'ed output 
that is the result of outputs FFA, Q and FFB. The exclusive 
OR gate here functions as a controlled inverter. The other 
two outputs of Figure 6, behave in similar way with the only 
difference that they are 180 degrees out of phase with the 
ones described above. 

By controlling time lMOD then we are able to control the 
phase shift between outputs "A" and "B". The set input pulse 
for FFB is normally generated by either the phase modulator 
comparator of Figure 12, or by the current limit comparator. 
As in normal PWM regulators one input of the phase 
modulator comparator is the output of the error ampl ifier 
which sets the trip level and the other input is either a 
voltage ramp or the sensed primary (or secondary) current 
waveform of the power circuit. Figure 11, shows the 
generation of the set pulse and the resulting timing 
waveforms. When the output of the error ampl ifier changes 
then the trip level changes thus it is possible to continuously 
control time lMOD by changing the trip level. In switching 
power supplies it is also necessary to limit the power pulse 
width whenever the primary load current exceeds certain 
predetermined value. The second comparator in Figure 7, 
serves that purpose. Thus the output of the phase 
comparator and of the current limit comparator are logic 
OR'ed to produce the set pulse for FFB. Figure 12, shows the 
complete logic diagram of the phase modulator with four 
outputs labeled A 1, A2, B 1, and B2 respectively. 

The timing waveforms for all outputs can be derived from 
the above diagram. Figure 13, shows the relationship of the 
outputs with respect to each other. 

Application Note 19 

Q A2 

FFA 

T Q Al 

R 

D-81 
D-B2 

Figure 12. Complete logic diagram of the phase modulator 
with all four outputs shown. 

DELAY OF THE GATE DRIVE WAVEFORM 

50 far we saw how controllable phase shifted outputs could 
be generated. We also saw that in order to have ZV5 in the 
bridge circuit in the transition phase between conduction of 
the opposing legs, one of the M05FETs is ON and the 
remaining are OFF. It is during this time that the drain source 
capacitance of the device next to tum ON is discharged to 
"zero volts". In the traditional H-bridge either two of the 
devices are ON or all ofthem are OFF. 

OUTAI 

OUTBI 

Figure 13. Timing diagram showing the waveform present 
on all four outputs of the phase controller. 
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Figure 14. Phase modulator with delay and output driver blocks shown. 
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Figure 15. Chart for the determination of the 
external delay resistor. 

10 

In order to get this transition period it is necessary to modify 
the gate drive waveforms slightly. The modification consists 
of adding a predetermined amount of delay to the leading 
edge of the gate drive waveforms. Figure 14, shows the 
phase modulator along with the delay and output driver 
blocks. The delay blocks contain all the necessary 
electron ics for the generation of the delay with the use of a 
single external resistor. The timing capacitor is integrated 
into the part. The value of the delay resistor RDELAY can be 
found by using the chart of Figure 15, or it can be calculated 
by using the formula below 

R _DELAY(ns)-33.34 Kn 
DELAY - 33.33 

The individual gate drive waveforms are restricted to less 
than 50%. The resulting waveforms are shown in Figure 16. 
The shaded area in the leading edges shows the reduction.in 
the pulse width. Note that the delays are only present at the 
leading edges of the waveforms. Hence the less than 50% 

Figure 16. Leading edge delay of the drive waveforms 
necessary for ZVS operation. . 

duty cycle. Because all the drive signals have this delay 
complementary waveform symmetry is.preserved. Although 
the delay time can be adjusted using an external resistor, it 
should be kept in mind that resulting actual delays in the 
power circuit may. differ, this will be due to slew of the drive 
waveforms, also it requires a finite time to charge and 
discharge the gate capacitances of the MOSFETs. 

The amount of time that is required to complete ZVS wili 
vary as the load current reflected to the primary varies: The 
power transformer magnetizing inductance has to be able to 
develop enough current during "ON time" for ZVS to 
complete its cycle. That will require careful design of the 
power transformer. In most cases the transformer will have to 
be gapped. A side effect of the gapping will be the 
stabilization of the magneti?ing inductance. 
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The idealized power transfer cycles of the PMPT are shown 
in Figure 17. Power transfer takes place during the hatched 
periods. The width of these periods depends on the phase 
relationship between the "A" and "8" outputs. A good way 
to observe the phase modulation action is watch the 
oscilloscope traces of "A 1" and "81" outputs. 

Dark shaded areas denote times when power is transfered to the 
load. light shaded areas denote the delay in the leading edge. 
Power is transfered to the load when (A 1 = "1" & B 1 = "1") 
and (A2 = "1" & 82 = "1"). 

Figure 17. Power transfer cycles of the PMPT. 

DESIGNING FOR ZERO VOLTAGE SWITCHING 

So far we saw that it is possible to do non-dissipative 
switching. The ML4818 power supply controller with its 
operational flexibility is able to provide all the necessary 
waveforms needed for such power supply. The most 
important thing left to be done is the design of the power 
transformer. Zero Voltage Switching properties greatly 
depend on this component. 

Figure 18, shows the simplified equivalent model of a typical 
power transformer. The model is indeed very simple, actual 
transformers are very difficult to model due to the presence 
of primary and secondary effects such as saturation and 
inter-winding capacitances. 

LLEAKAGE ILOAD Nl:N2 

ILO_A_D_+_r_MA_G __ IM_A_G_+_H+-LM __ ~_-i-!:-,~iC 
IDEAL 

TRANSFORMER 

Figure 18. Simplified model of a real transformer. 

It is obvious from Figure 18, that the current that will flow 
through the MOSFETs will be the sum of both the reflected 
secondary current which we call the load current and of the 
current that builds up in the magnetizing inductance of the 
transformer. 

Application· Note 19 
The load current is a function of the output load and can 
change anywhere from zero to its full rating as it reflects to 
the primary. The magnetizing current on the other hand is a 
function of the ON time and of the primary applied voltage. 
The output filter inductor where the load current flows 
through is normally very large. For all practical purposes the 
reflected current of the primary can be assumed constant 
during the intervals of interest. 

I _VINtON 
MAG ---

LM 

It is also important to remember that inductors can be 
approximated as current sources. With all this in mind lets 
now look into what happens when a power MOSFET 
switches OFF. Figure 19, shows one leg of the bridge circuit 
with the parasitic drain source capacitances. Assuming that 
the lower device was conducting current just prior to turning 
off the following events may happen. 

If the gate drive waveform is fast enough and drops to zero 
volts before the drain source capacitance can charge to any 
significant voltage then the turn off event will be non
dissipative. This is the principle also with snubbers, where a 
large amount of external capacitance diverts the current 
from the channel for non-dissipative switching. Where the 
PMPT excels is that just before turn ON the energy. stored in 
the snubber or drain source capacitances of the MOSFETs is 
returned back to the source as we saw earlier. This way there 
is not a penalty for using additional snubber capacitance. 
And since the turn ON is at zero voltage the switching event 
is lossless even at very high frequencies i.e., 500KHz and 
above. 

~WASOFF 

= 

IpRI 

L WAS ON r- TURNED OFF 

Figure 19. MOSFET switching in PMPT, and charge and 
discharge of the drain source capacitances. 

In Figure 19, in order to discharge the drain source 
capacitances there needs to be a certain amount of current 
stored in the inductances of the transformer. Since the total 
charging current is the sum of the load currents and the 
magnetizing current, whenever the load current is low the 
charging has to be done by the current that the magnetizing 
inductance was charged. Hence the importance of the 
magnetizing inductance. 
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One. can get qu itecompl icated ;in trying to calcu late, the 
required amount magnetizing inductance necessary for ZVS. 
But the following simple procedure could be followed with 
some experimentation togetfamlliar with the technique. 

The requ'(r~d maximum dutycyCie is the first parameter to 
consider. Along with ihedelay thatwill be introduced by ,the 
delay circuit of the ML4818, in high frequency conversion 
the effe.ctive duty cycle will be reduced by the charging 
effect of the leakage inductance. Here we will assume that 
the reduction of the dutycyde by the charging of the 
leakage inductance is negligible (not true in most of the 
cases). 

Lets assume that the required duty cycle results in a delay 
time to. In other words the time available to complete the 
charging of the drain source capacitance is to. The charging 
configuration of the bridge circuit changes depending on its 
state just prior to ZVS. In Figure 19, the bridge circuit was 
delivering power to the secondary, so it was in a power 
transfer cycle just prior to the next ZVS. Under this condition 
the drain source capacita?c;es wi/lbe chaflJ,ed linearly by a 
current equal to " . '. '" 

IpRI = ILOAD + IMAG 

This is not the worst case. The worst case happens after the. 
above there is a period of freewheeling of the current before 
the next device turns ON with ZVS. This corresponds to 
phases (3) and (4) in. Figure Sa. During this period the output 
diodes effectively short-the transformer and the only 
inductance in the circuit is the leakage inductance and 
carries a current sl ightly less than at the end of the power 
transfer cycle. Therefore all the calculations are based on 
this case. 

During phases (2) and (3) the capacitanceschargeRnearly 
with thereflected-load current: During phases (3) and (4) the 
capacitances resonate with the leakage inductance and, '. 
charge in a resonant fashion. The worst case is when the 
load current is very close to zero. Under that condition the ' 
freewheeling current in the leakage inductance is equal to , 
the magnetizing current at the end of the power transfer 
cycle. : 

The assumption we are going to make is thatthe delay time 
represents one quarter of the resonant cycle determined by 
the,leakage inductance and twice the drairr:source 
capacitilnce of the MOSFETs" since there are two MOSFETs 
per side.: 

The procedure for calculating the necessary amount of the 
lea~age and magnetizing inductances is shown below. An 
important" note here is that in most of the. cases the leakage 
inductance will be determined by the actual transformer 
construction and it will be a given. In that case the equation 
bel,ow could be used first to calculate the require,d amount 
of the,delay ,time. 

1. Calculate the required amount of eith~rdelay or 
leakage inductance value when one of them is the given 
value 

_1_. =1= .~ 
4tD T 21t~2CDSLLEAKAGE 

2 to ( }
2 

LLEAKAGE = -- -
CDS 1t 

l~---------------------~ 
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Figure 20. Voltage mode and feed-forward circuitry of the Ml4818. 
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or 

to = 1t COSLLEAKAGE 
2 

2. Calculate the minimum current for ZVS from the 
energy required to reach VIN(MAX)' Note that twice the 
energy necessary to swing one leg of the bridge is 
required to be stored by the leakage inductance. This is 
because we have two ZVS actions during one complete 
power transfer cycle. 

.!L ,2 =4(.!C V2 )=> 2 LEAKAGE MAG(min) 2 os IN(max) 

LLEAKAGE I~AG(min) = 4Cos~~(max) => 

IMAG(min) = 
4COS~~(max) 

LLEAKAGE 

3. Calculate the value of LMAG. 

L - \.'INtON MAG -
IMAG(min) 

Example: Lets suppose that the following are given 

LLEAKAGE = 15J.1.H 

Cos =225pF 

\.'IN(max) = 370Volts 

tON(@\.'IN(maX»)=lJ.1.sec 

The calculations for the above example are as follows: 

To = 3.14 (225pF)(15J.1.H) = 129nsec 
2 

I 4(225pF)(370V)2 = 2.86A 
MAG (min) = 15J.1.H 

L = (370V)(lJ.1.sec) = 95.85 H 
MAG 2.86A J.I. 

The value of the magnetizing inductance found above is 
somewhat low. This is because we made the assumption that 
there will be ZVS down to very light loads. If we do not 
allow the output load to go to very light loads or if we are 
willing to live with NZVS (Near Zero Voltage Switching) 
then the resulting magnetizing inductor values will be higher 
resulting in lower conduction losses. The value of 
magnetizing inductance that was chosen for the typical 
PMPT power supply of Figure 23, was 400jJH, the value of 
the leakage inductance was approximately 15jJH. 

Application Note 19 
MORE ABOUT THE ML4818 CONTROLLER, VOLTAGE 
OR CURRENT MODE OPERATION 

The ML4818 controller is able to control a PMPT converter 
operating either voltage mode or current mode. It contains 
special logic circuitry for that purpose. That same circuitry 
allows for voltage feed-forward in voltage mode operation. 
Figure 20, shows the logic circuit internal to the IC that 
enables the above. 

Pin #3 is pulled to ground at the end ofthe power cycle and 
is kept at ground until the start of the next power transfer 
cycle. Thus the discharge of the feed-forward capacitor is 
enabled. An important note here is that the PMPT operating 
in voltage mode required the internal logic of Figure 20. It is 
notpossible to operate voltage mode by only connecting pin 
#3 to the oscillator ramp. This is unlike conventional PWM 
regulators. 

Feed-forward voltage mode operation provides automatic 
line correction without the need for the voltage control loop 
to change the duty cycle. The correction takes place within a 
single cycle. The current through resistor RFF is proportional 
to input voltage therefore the charging time of the CFF 
capacitor is proportional to input line voltage and 
consequently the time that it takes to reach the threshold set 
by the error ampl ifier. 

tON = VEl A CFF = VEl Almax )CFFRFF 

IRFF \oINimin) 

The necessary values for any given application can be 
calculated using the above equations which can be solved 
for any of the unknown values. The resulting ramp will affect 
the open loop gain of the voltage control loop. The open. 
loop gain will be independent of the variations in input 
voltage. The open loop gain for the voltage mode controlled 
case can be calculated by using the following. 

G = CFFRFFfosc 
0.1. N' 

where N = Primary to secondary turns ratio. 

fosc = oscillator frequency 

Go.1. = open loop voltage gain 

For the circuit in Figure 23, the open loop voltage gain was 
calculated to be 7 or 16.9db, below the corner frequency of 
the output filter. In this case the corner frequency is 4.1 KHz. 

A TYPICAL PMPT POWER SUPPLY 

Figure 23, shows a.typical off-line PMPT supply, as it can be 
seen from the schematic dlagram only a handful of 
components are required to build a fully functional power 
supply. Specifications for this supply are shown in Table 1. 

The power supply was not optimized for any particular 
application. It is important to note that higher efficiencies 
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can be obtained by using lower loss magnet.ic materials and 
lower ON resistance MOSFETs. . 

The controller in this design is located at the primary side. 
The voltage feedback is accomplished with the. use of an 
optocoupler. The current transfer ratio for this optocoupler is 
almost linear for a limited operating range, this enabled the 
use as it is shown in Figure 23. For more realistic 
applications an error amplifier at the secondary would 
probably be required. If an auxiliary supply is available then 
the controller itself can be situated in the secondary. 
Demonstration board that implements this power supply is 
available from Micro Linear Corp., .it is a useful tool in 
gaining familiarity with this topology. 

The contralloop design for the voltage mode version of a 
PMPT supply is identical to that of a regular full bridge PWM 
converter. For simplicity in this case the loop is stabilized 
relying on the ESR of the output capacitor. The feedback 
components are calculated to give enough margin for loop 
stability. 

The gate drive for the four MOSFETs is accomplished by 
using two drive transformers (T2 and T3). There are two 
secondary windings on each transformer to be able to drive 
the two MOSFETs in each leg of the bridge Figure 21, shows 
this configuration. The primary of the transformers connect 
to outputs A 1, A2 and B1, B2 through a DC coupling 
capacitor to prevent drive core saturation under abnormal 
conditions. The windings of the transformers are trifilarly 
wound to minimize leakage inductances. A toroid of 0.5" 
outside diameter with 10 turns for each windings seem to 

function fairly well. The wires should be insulated to provide 
isolation. 

Figure 21. Gate drive scheme for fail-safe operation. 

The power circuit consists of a DC blocking capacitor in 
series with the power transformer to prevent core saturation 
under unbalanced and abnormal conditions. The current 
transformer in series senses the current for cycle by cycle 
current limit. If the current limit persists then capacitor C8 
charges to 3V triggering an internal comparator and shutting 
down the power supply. The resistor connected across C8 
helps to discharge this capacitor and the power supply tries 
to soft start. 

For high power applications where large size MOSFETs are 
used it may be necessary to use external gate drivers to 

Table 1. 

Input Voltage Range 90VAC to l40VAC or 1 80VAC to 260VAC' 

Output Voltage l5Vadjustabie 

Output Voltage Adjustment Range· l2.6V to 20V (@ l20VAC and lout=13A) 

Output Current l3.3A 

Line Regulation (90VAC to l40VAC) <30mV 

Load Regulation (10% to 100% @ 20VAC) . <300mV 

Current limit set to approximately l5A 

Output Power 200W 

Efficiency at full load and 120VAC 82% 

OutputVoltage Ripple . 250mV (without additional filtering) 

Voltage ramp time at turn on (OV to l5V) <8msec 

OSC;:illator Frequency 500KHz 

Average power under short circuit <lOW 

Short Circuit Capability Indefinite 

Short Circuit Protection Method Hiccups 
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Typical PMPT Power Supply Parts List 

PART# 

Resistors 

Rl, R2 
R3 
R4 
R5, R20 
R9, RIO, Rll, R12 
R6 
R7 
R8 
R13 
R16 
R14 
R15 
R17 
R19 
R21 

Capacitors 

Cl, C2 
C3 
C4 
C5 
C6 
C7,Cl0,C15,C12,C16 
C8 
C9 
Cll 
C14 
C18 
C20 
C22 
C21 
C23, C24 

VALUE 

240K,1/4W 
82K,2W 
39,1/4W 
lK,1/4W 
5.1,1/4W 
4.3K,1/4W 
240K,1/4W 
7.5K,1!4W 
510,1/4W 
lK,1/4W 
1 K, 1/4W, POT 
100K,1/4W 
330K,1/4W 
lOOK,1!4W 
5.1K,1/4W 

680flF, 200V ELECTROLYTIC 
200flF, 25V, ELECTROLYTIC 
O.lflF, CER. 
680pF, PRECISION 
470pF, CER. 
lflF, CER 
56nF, CER 
0.33flF, 630V, POLYPROPYLENE 
1 OOflF, 25V, ELECTROLYTIC 
0.01 ).IF, 1 KV, CER. 
1000pF, CER. 
220pF, CER. 
120pF, CER 
470pF, CER. 
10nF,lKV 

divert the power dissipation from the ML4818 controller to 
the extemal drivers. The drivers can be simple NPN-PNP 
pairs Figure 22, shows such a configuration. 

Bl---.lW--.... 
510 

B2---.lW--.... 
510 

Figure 22. External gate drivers using NPN-PNP pairs. 

PART# 

Diodes 

Dl, D2 
D3, D4, D5, D6 
D9, DlO, Dll, D12 
D13 
D14, D15, D7, D8 
D16, D17, D18, D19 

MOSFETs 

Ql, Q2, Q3, Q4 

Ie's 

ICl 
OPI 

Inductors 

L1 
L2 

Transformers 

Tl 

T2, T3 

T4 

Fuses 

Fl 
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VALUE 

MUR150 
1 N5406, 3A, 600V 
lN4148 
MBR3045PT, 30A, 45V, SCHOTIKY 
1 N5818, SCHOTIKY 
1 N5248, 18V ZENER 

IRF840 

ML4818, PHASE-MOD. IC 
MOC8102,OPTOCOUPLER 

200flH, O.3A FILTER CHOKE 
15flH, LlTZ WIRE, 15A FILTER 
CHOKE 

45T/2X4T/2X4T, Lmag = 400flH 
OBTAINED BY GAPPING, PRIMARY 
AND SECONDARIES ARE LlTZ 
WIRE, Lleakage = 15[JH, POT CORE, 
HIGH FREQUENCY MATERIAL 
lOT/lOT/lOT, GATE DRIVE 
TRANSFORMER, WOUND 
TRIFILAR ON OS' O.D. TOROID 
WITH INSULATED WIRE 
IT/80T, SAME CORE AS ABOVE, 
80T IS AWG #28 MAGNET WIRE 

5A, 250V FUSE 
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Application Brief 1 

. How to Set the Sensitivity of the 
ML4621, ML4622, ML4624 

SECTION 1 

HOW TO ADJUST THE SENSITIVITY 
OF THE Ml4622/Ml4624: 

The sensitivity of ML462X is adjustable by changing the 
voltage level at VTHADJ pin. The sensitivity should be set 
at a point which guarantees error free operation with 
minimum signal level and the maximum noise level on 
the quantizer inputs. The first step is to determine the 
input threshold at which errors begin to occur. To 
determine this the following steps are recommended. 

1) Tie VTHADJ to ground on the receiving station to 
find the maximum sensitivity. 

2) Transmit *109 bits of data from transmitting station 
and verify that receiving station receives all the bits 
without any error. 

3) If receiving station does not receive the data 
correctly, go to step 4). Otherwise measure the 
received power and attenuate the receive signal 
more. Then go to step 2. 

4) At this point you know the maximum sensitivity of 
the receiving station before it receives any error. The 
minimum level must be at least -32.5dBM average 
to meet 1 OBASE-FL standard or -27dBM peak to 
meet FOIRL standard. Now you can set the 
sensitivity of the receiving station to any level you 
want as long as it is greater than the maximum 
sensitivity and less than minimum sensitivity (when 
VTHADJ = VREF) of the ML4622/ML4624. The Link 
Mon signal will then turn off (high) before receiving 
any errors. 

5) Now you should determined the proper voltage at 
VTHADJ which will meet 1 OBASE-FL standard with 
minimum signal level and the maximum noise level. 

A) Signal Level: The responsivity of the 
HFBR2416 can be as low as 4.5mV/fJW and as 
high as 11.5mV/fJW. So we calculate minimum 
VIN(P-P) at the input of the quantizer when receive 
power is -29.5dBM peak. 

Rp (MV/UW) = Responsivity of the HFBR2416 

PR (dBM) = Average receive power 

VIN(P-P) = Input peak to peak voltage at the 
input of ML4622, ML4624 

-29.5dB = 1.122fJW 

VIN(P-P) = 1.122fJW X 4.5mV/fJW 

VIN(P_P) = 5.049mV (0) 

*109 bits to meet 10BASE-FL standard and 1010 bits to meet FOIRL standard. 

Thus VTHADJ for the minimum signal level can be 
calculated as follow: 

VTHADJ = 500 V1N(P-P) (IN mY) 

VTHADJ = 500 (5.049) = 2.52V (1) 

B) Noise Level: The maximum random noise 
(VN(MAX)) of the HFBR2416 is O.7mV which it 
occurs at a responsivity of Rp = 8.2mV/fJW. This 
input signal will be attenuated by the internal low 
pass filter of the quantizer. If capacitor across CF1 
and CF2 is 5pF, the attenuated noise voltage will 
be: 

f = 1/21t800 (C+4) = 22.1MHZ 

(ML4622/ML4624) 

N=( 22.1MHZ )(.7mV)=.294mv _ 
125M HZ P P 

As shown in figure 1, the signal to noise ratio 
required at the fiber optic receivers comparator is: 

SIN @ BER of 1 x 10-10 = 12.8 

SIN @ BER of 1 x 10-9 = 12 

(FOIRL) 

(10BASE-FL) 

We can calculate the signal level at the input of 
the quantizer. 

S = V1N(P_P) 

V1N(P_P) = (12.8)(.294) = 3.76mV(p-P) (FOIRL) 

V1N(P_P) = (12)(.294) = 3.52mV(p-P) 

(10BASE-FL) 

The link monitor threshold of the ML4622/24 
should be set to reject the output voltage of the I 
HFBR2416 when it is 3.52mVp_p for the 
1 OBASE-FL or 3.76mVp_p for the FOIRL. The 
VTHADJ for this signal level can be calculated as 
follows: 

VTHADJ = 500 (4.74) = 2.37V (ML4622) 

VTHADJ = 417 (4.74) = 1.97V (ML4624) (2) 

Setting the VTHADJ at 2.5V (tie to VREF) will set the 
input threshold greater than the maximum noise 
level of both specifications. This will allow the 
quantizer to reject the worst case noise levels and 
meet both specifications for minimum signal level 
of 5.049mVp_p. 

'Micro Linear 10-135 



Application Brief 1 

--IJ.8.- V ~ -- --- --- '7 

.,V 
", 

.,V 1"'"' 

l/ 
fI' 

10-4 10-6 1~ 

BIT ERROR RATIO (BER) 

Figure 1. 

SECTION 2 

HOW TO SET VTHADJ FOR GREATER SENSITIVITY: 

Lower voltage at VTHADJ gives you more sensitivity. By 
adding a resistor divider as shown in Figure 2 you can 
lower the voltage at VTHADJ to have sensitivity more than 
-29.SdBM peak. You can calculate the resistors' value as 
follow: 

- Find the VTHADJ for the sensitivity you want at the 
input of the ML4622/ML4624. 

VTHADJ = 500 VIN(P_P) 

YTHADJ = VREF (Rl/Rl + R2) 

VREF = 2.SY 

YTHADJ = 2.SV (R1/Rl + R2) 

- Set Rl = 1 k and solve EQU. 3 for R2. 

-VRF 
(FILTERED GROUND) 

Figure 2. 

(3) 

HOW TO SET VTHADJ IN THE ML4621 
TO MEET 10BASE-FL STANDARD: 

To determined proper voltage at VTHADJ we must calculate 
YTHADJ for the minimum signal level and the maximum 
noise level. 

A)'Signal Level: As we calculated in Section '1 ,the 
signal at the input of the ML4621 can be as low as 
S.049mY peak to peak. Thus, VTHADJ for the 
ML4621 can be calculated as follow: 

YTHADJ = O.7Y + 600 VIN(PEAK) (IN mY) 

YTHADJ = O.7Y + 600 (5.049/2) 

YTHADJ~ 2.21V 

B) Noise Level: As explained in section 1, we can 
calculate the input signal level at the ML4621 for the 
maximum random noise level of .7mV as follow: 

f = 1/21t42SC = 37.4MHZ 
(C=10pF across CFl & CF2) 

N=(' 37.4MHZ )(.7mV)=.382mv_ 
. 125MHZ P P 

YIN(P-P) = (12.8)(.382) = 4.88mVp_p (FOIRL) 

VIN(P.,-P) = (12)(.382)= 4.S8mYp_p (10BASE-FL) 

Since YIN(P-P) is less than S.49mV (1 OBASE-FL 
requirement), we can set the VTHADJ to 2.21 V by 
using a resistor divider from VREF. The resistors can 
be calculated as follow: 

YTHADJ = VREF (Rl/Rl+R2) 

2.21Y = 2.SV (R1/Rl+R2) (4) 

Choose Rl = 1 K and solve equation 4 for R2. 

2.21 = 2.SY (1 000/1 000+R2) 

R2 =1400 
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ML4632 Verses A Voltage Driven Output 

INTRODUCTION 

This Application Brief covers one of the issues which must 
be considered to meet IEEE 802.5, IEEE 802.4 and IEEE 
802.3 FOIRL and 1 OBASE-FL. The Optical Power at the 
output of the LED transmitter (Launched Power) can 
violate these standards. One way to improve this 
parameter is to use a current source to drive a Fiber Optic 
LED transmitter. 

ML4661/ML4662, FOIRL and 1 OBASE-FL transceivers, are 
the best solution for 802.3 applications (refer to 
Application Note 15). However if ML4661/ML4662 is not 
being used in a 802.3 application, ML4632 is the second 
option to be used. 

On the other hand ML4632 can be used for the IEEE 802.4 
and IEEE 802.5 (4Mbps) applications. 

ANALYSIS 

ML4632 is a Fiber Optic LED driver with a programmable 
current driven output. This will allow user to program the 
output current with the accuracy of ± 10% through a 
resistor. The ML4632 can be used to drive a Fiber Optic 
LED transmitter like HP LED transmitter (HFBR1414). The 
ML4632 regulates the current through the HFBR1414 
regardless of power supply variations or variations in VF 
between LED transmitters. This will result in a more 
precise launch power at the output of the transmitter. 
However if a voltage driven output is used such as CMOS 
or Schotky gates, the variation in forward voltage (VF) with 
forward current (IF) and the power supply variation must 
be taken into account. These variations cause a wider 
range of Launched Power which will violate the 
standards. 

LAUNCHED POWER 

Table 1 shows the HFBR1414 Peak Launched Power 
measured out of 1 m of cable and table 2 indicates 
Launched Power range for the FOI RL and 10 BASE-FL 
Standards. 

TABLE 1 

PEAK 
LAUNCHED 

POWER (dBM) CONDITIONS 

PARAMETERS MIN TYP MAX TA(°C) IF 

-15 -12 -10 25 60mA 

62.5/125J.1m -16 -9 -40 to +85 
Fiber Cable 
NA = 0.275 -15.5 -10.5 25 55mA 

-16.5 -9.5 --40 to +85 

TABLE 2 

PEAK LAUNCHED POWER (dBM) 

802.3 MIN MAX 

FOIRL -18 -9 

10BASE-FL -17 -9 

Note: Peak launch power = Average launch power +3dBM. 

Table 3 shows the Launch Power if ML4632 is used to 
drive HFBR1414. We choose 55mA as forward current to 
meet the HFBR1414's current condition. 

TABLE 3 

PT(55mA) PT(IF) 
(Note 1) (Note 2) 

CONDITION IF MIN MAX MIN MAX 

High 60mA -16.5 -9.5 -16.2 -9.2 

Nominal 55mA -15.5 -10.5 -15.5 -9.5 

Low 50mA -16.5 -9.5 -16.9 -9.9 

Note 1: PT(55mA): Optical Power of the HFBR1414 when IF is 60mA. 
Note 2: PrOF): Optical Power of the HFBR1414 for IF = 5SmA ±10%. 
Note 3: PR: is relative power ratio in dBM (PT(lF) - PT(55))' 

PR 
(dBM) 

(Note3) 

+0.3 

0.0 

-0.4 
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Table 4 shows the Launched Power if a voltage source is 
used to drive the ,HFB-Rl,414. To ,calculate IF at high and 
low end, we can calculate the resistor value at nominal 
condition: 

R = (Vee - VF)/IF_ ' 

R = VR!IF 

R = (5 - 1.7)/60mA = 550 

50 IF can be calculated for the low and high conditions. 

TABLE 4 

CONDITION VF(V) VcC<V) VR(V) 

High 1.48 5.5 

Nominal 1.7 5.0 

Low 2,09 4,5 

Note 1: PT{60mA): Optical Power of the HFBR1414 when IF is 60mA. 
Note 2: PT(IF): Optical Power of the HFBR1414 for different IF' 

Note 3: PR: is relative power ratio in dBM (PT(lF) - PT(60))' 

4.02, 

3.3 

2.41 

CONCLUSION 

Due to the HFBR1414's Optical Power range, Using 'a 
voltage source as the LED driver can violate the,FOIRL 
and 10 BA5E-FLstandards, However using the ML4632 to 
drive the HFBR1414 meets, both standards in the worst 

,condition. 

PT(60mA) PT(IF) 
(Note 1) (Note 2) PR(dBM) 

IF (mA) MIN' MAX MIN MAX (Note3) 

73.1 -16 -9 -15,2 -8.2 +0,8 
" 

60 -15 -10 -15 -10 0.0 

43.B -16 -10 -17.8 -11.8 -1.8 
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Packaging Information 

Section 11 

Package: j08 8-Pin Hermetic DIP .................................................................................... 11-1 

Package: P08 8-Pin Molded DIP ...................................................................................... 11-1 

Package: S08N 8-Pin SOIC (Narrow) .................................................................................. 11-2 

Package: ]14 

Package: P14 

Package: S14N 

Package: ]16 

Package: P16 

14-Pin Hermetic DIP .................................................................................. 11-2 

14-Pin Hermetic DIP .................................................................................. 11-3 

14-Pin SOIC (Narrow) ................................................................................ 11-3 

16-Pin Hermetic DIP .................................................................................. 11-4 

16-Pin Molded DIP .................................................................................... 11-4 

Package: S16N 16-Pin SOIC (Narrow) ................................................................................ 11-5 

Package: S16W 16-Pin SOIC ............................................................................................... 11-5 

Package: ]18 

Package: P18 

Package: S18W 

Package: j20 

18-Pin Hermetic DIP .................................................................................. 11-6 

18-Pin Molded DIP .................................................................................... 11-6 

18-Pin SOIC ............................................................................................... 11-7 

20-Pin Hermetic DIP .................................................................................. 11-7 

Package: P20 20-Pin Molded DIP .................................................................................... 11-8 

Package: Q20 20-Pin Molded Leaded PCC ....................................................................... 11-8 

Package: R20 20-Pin SSOP ............................................................................................... 11-9 

Package: S20W 20-Pin SOIC ............................................................................................... 11-9 

Package: P22 22-Pin Molded DIP .................................................................................... 11-10 

Package: j24W 24-Pin Hermetic DIP .................................................................................. 11-10 

Package: j24N 24-Pin Hermetic Ceramic DIP (Narrow) ..................................................... 11-11 

Package: P24W 24-Pin Molded DIP .................................................................................... 11-11 

Package: P24N 24-Pin Molded DIP (Narrow) ...................................................................... 11-12 

Package: R24 24-Pin SSOP ............................................................................................... 11-9 

Package: S24W 24-Pin SOIC ............................................................................................... 11-12 

Package: j28W 28-Pin Hermetic DIP .................................................................................. 11-13 

Package: P28W 28-Pin Molded DIP .................................................................................... 11-13 

Package: Q28 28-Pin Molded Leaded PCC ....................................................................... 11-14 

Package: R28 28-Pin SSOP ............................................................................................... 11-9 

Package: S28W 28-Pin SOIC ............................................................................................... 11-14 

Package: H32 32-Pin TQFP .............................................................................................. 11-15 

Package: Q32 32-Pin Molded Leaded PCC ....................................................................... 11-15 

Package: S32W 32-Pin SOIC ............................................................................................... 11-16 

I 



Package: )40 

"Pa~kag~: P4Q 

, Package: G44 

Package: Q44 

Package: H44 

Package: H48 

Package: G52 

Package: H52 

Package: H64 

40-Pin Hermetic DIP .................................................................................. 11-16 

AD-Pin Molded Plastic DIP ......................................................................... 11-17 

44-Pin PQFP ............................ , ........................ " ................ , ..... , ................ 11-17 

44-Pin Molded Leaded pee ....................................................................... 11-18 

44-Pin TQFP .................................................................... : ......................... 1.1-18 

48-Pin TQFP ..............................................•.................. ; ............................ 11-15 

52-Pin PQFP ............................................................................. ; ................ 11-17 

52-Pin TQFP .............................................................................................. 11-18 

64-Pin TQFP ...................................................................... : ....................... 11-18 
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PHYSICAL DIMENSIONS inches (millimeters) 

Package: J08 
8-Pin Hermetic PIP (CERDIP) 

1 

0.375/0.400·1 
"'19.52/10.16) 

---'--05 0.27510.295 
16.98/7.49) 

+ 1 4 

.... \ \ ... 0.055/0.065 0290/0320 
11.4011.65) 17.36/8:13) 

0.020/0.050 d 
~ MAX Ir~fifiit:!:::ING ),§k\1' 0.008/0.012 

~ MIN ~w V V ~1 t PLANE "il- 0·/15· , ..... \~ 10.203/0.305) 

0.016/0.020 _11_ ~ -I .. I~:~!~) MIN 
10.406/0.508) 

0.090/0.110 
~ 

Package: P08 
8-Pin Molded DIP 

r 0.350/0.370 -I I r 18.8919.40) 

---'--05 0.240/0.260 
16.09/6.60) 

• 1 4 

.... 1 1-0.050/0.065 
11.27/1.65) 0.290/0.320 

0.200l ~ ~.~~~{.~~ (5.08) MAX ~ 
0.125 '. SEATING 
13.17) MIN . PLANE. 

0.016/0.022 _//_ J .~, M. 

C""·I 
\"" ~ 0.009110.014 I~ 0·/15· ~(0.229/0.356) 

(0.406/0.559) (0.127) 

--- ... 0.090/0.110 
(2.28/2.79) 
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PHYSICAL DIMENSIONS inches«millimeters) 

11-2 

.1871.198 

Package: S08N 
8-Pin SOIC (Narrow) 

8 
.011/.021 1YP....J 1- I II- .018 MIN (A57) 
(.280/.533)' +I I- (4 PLCS) 

.050 ± .008 .148f.J59 
(3.76/4.04) (1.27 ± 0.20) 

L 
.0591.070 r::::=:J 
(1.50/1.79) llQQ.Clll 

t SEATING7 
PLANE 

.0071.010g 
(.1771.254) 

1: 
t \ -II- .0141.037 

~ .. (.355/.940) 
.2281.246 
(5.79/6.25) 

NOfE 1: SEAriNG PLANE LEAD COPLANARITY .005 (0.127) (BOITOM OF LEADS). 

Package: 114 
14-Pin Hermetic DIP (CERDIP) 

0.750/0.785 
(19.05119.94) 

~E~::::::I 
_\ \ .. 0.050/0.065 

(1.27/1.65) 0.29010.320 

I" '~''';I 
~l~ mm· lO:~i~~~ 
0125 Il:!ATlNG .;:°,,::.008='7./°;=:.012= 

(3:115) MIN .. PLANE. (0.203/0.305) 

0.016/0.022 _II - W _ 0.010 '-./j.. 0·/15· 

(0.406/0.559)11 .. 0.090/0.110 (O~~) 
(2.28612.794) 
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PHYSICAL DIMENSIONS inches (millimeters) 

Package: P14 
14-Pin Molded DIP 

,- (1:::;~9~;~) -I 

~t::::::1 
....... 1 I .. 0.050/0.065 

(1.27/1.65) 

0.020/0.050 

~ L508/1.27) 
0.200 
(5.08) MAX t:EATING ·"1"" ~I ~, (3.175) 

0.016/0.022 .. 11__ ~~-I (~:~!:) ~1-,0'/15' 
(0.406/0.559) 0.090/0.110 MIN 

(2.28612.794) 

Package: S14N 
14-Pin sOle (Narrow) 

! 
.148/.158 

(3.76/4.01) 

j .2281·245 
(5.79/6.22) 

-j 

NOTES: 1. Dimensions are in inches (rrillimeters) 
2. Sealing plane coplanarity ±.005 (bottom of leads alter fanning) 
3. Skewed or bent leads not to exceed .005" from its true position 

'Micro Linear 
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PHYSICAL DIMENSIONS inches (millimeters) 

11-4 

Package: J16 
16-Pin Hermetic DIP (CERDIP) 

I 
0.750/0.785 I 

• (19.05/19.94) • 

~fl : : : : : : :1 
I 1 0.050/0.065 

-J .. (1.270/1.651) 
0.290/0.320 

I~ (7.36/8.13) ; I 
0.020/0.050 

+--~=========:::::J (0.508/1.270) 
0.200 ~ 

~:~: JJ~~ J ~~ ~ ~ jll.~~~ ~~.' ... 
0.016/0.022 0.09010.110 

(0.406/0.559) (2.28612.794) . 

Package: P16 
16-Pin Molded DIP 

• (18.54/19.56) • I 
0.730/0.770 I 

~~:::::::I 
0.200 
(5.08) MAX 

0.125 MIN 
(3.175) 

I I.. 0.055/0.065 
--I (1.397/1.651) 

0.020/0.050 

~ 
(0.508/1.270) 

t::~~~~G 
--I t-- (0127) MIN "'I r*'" 11 ~ 0.005 \ /1 /0°/15° 

0.016/0.022 0.090/0.110 . 
(0.406/0.559) (2.286/2.794) 

'Micro Linear 
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PHYSICAL DIMENSIONS 'inches (millimeters) 

Package: S16N 
16-Pin SOIC (Narrow) 

.384/.395 I 1-(9.75/10.84)-

~ 
~ 

.011/.021 II" 1 1 ~ ~ .018 MIN (.457) 
(.280/.530) ~ t----I I- (4 PLCS) 

.050 ± .005 
(1.27 ± 0.20) 

L 
.070/.059 'L;;:;;;;:;;;::;;lJ 
(1.79/1.50) t1DDDDDDDI1 

r SEATING7i" 
PLANE 

.148/.159 
(3.76/4.04) 

.0071.010 rl 
(.178/EJB 

TI -11- .0141.037 
~ .228/.246 ~ (.355/.940) 

(5.79/6.25) 

NorE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTfOM OF LEADS). 

Package: S16W 
16-Pin SOIC (Wide) 

.400/.414 -I 1--- (10.10/10.52) ~ nl 

F1 
~ 

.012/.020 TYp. II 1 1 _ II .025 MIN 
(.304/.508) .~t- ---I I- ~ I- (.635 MIN) (4 PLCS) 

.050 ±.008 
(1.27 ± 0.20) 

L 
.095/.106 "L=~;;:::::JJ 
(2.4112.70) t1DDDDDDDI1 

r SEATING7i" 
PLANE 

C·290/.301 
(7.36/7.65) 

.007/.015 
(.177/.381) r ) 

i,J) ~ 
TI I ~ .0221.042 . I-- .398/.412 -J "559/1.07) 

(10.11/10A7) 

NOfE 1: SEAJ1NG PLANE LEAD COPLANARITY .005 (0.127) (BOTfOM OF LEADS). 

'Micro Linear 
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PHYSICAL DIMENSf,ONS inches(millimeter~) 

11-6 

Package: 118 
18-Pin Hermetic DIP (CERDIP) 

0.290/0.320 

.200 (5.08) ~I=~:::::::::=::::::::::. :::;:(:~:::~;:O;:;J~ ~- f~""t 
'""J;n~ nJ, n L n JttM~ ~ k·",·. ,:5~ 

(.406/.559) .005 (1.27) MIN 

.090/.110 
(2.29/2.79) 

Package: P18 
l8·Pin Molded DIP 

C.915 (23.23) MAX~ 

~[:::::] 
-II- .050/.065 

(1.27/1.65) 

.0:/0/.050 . 

(.510/1.27)J 

+.~ .200 (5.~) MAX , Sf A TlNG 

.. ""'".==== I ~h~ 
kJLI L ~L' 
(.406/.559) =-! .005 (1.27) MIN 

.090/.011 . 

(2.29/2.79) 

0.290/0.320 

I~ 
~ .:!!!!!!L:ill.. 

. - - (.203/.356) 

'-' 0"/15" 
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PHYSICAL DIMENSIONS inches (millimeters) 

0.200 
(5.08) 
MAX 

Package: S18W 
l8-Pin SOIC (Wide) 

.449/.463 I ra-; (11.40/11.76)-

~ 
~ 

.012/.020 II 1 1 _ I 1 .024 MIN 
(.304/.508) TYP.~~ -.I I-- ~ I-- (.610 MIN) (4 PLCS) 

.050 ± .008 
(1.27 ± 0.20) 

.0071.015 
t·290/.3011 

(7.36/7.65) 

Lr------, .095/.106 L J 
(2.4112.70) tlDDDDDDDDlJ 

t SEATING7i" 

(.1771.381) r ) 
LJ . ~ TI J 1_ .0221.042. 

PlANE I-- .398/.412 ~ (.559/1.07) 
(10.11110.47) 

NOTE 1: SEATING PlANE LEAD COPIANARITY .005 (0.127) (8OT1OM OF LEADS). 

Package: 120 
20-Pin Hermetic DIP (CERDIP) 

0.985 

1 ··----(25.,.2)------;.~11 MAX 

0.290/0.320 

+ 0.020/0.050 

I: ~.366/aI28) -I 

~ 0.008/0.012 
_ (0.203/0.305) I'-~·T" 

0~~11~ 0.050/0.065 I /_11- 0.005 MIN 
(3.175) (1.270/1.651) (0.127) 

MIN __ (~:~~~~:~;~) __ _ (~:~~;~:~~:) 

'0.../ -¥ 0'/15' 

'Micro Linear 
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PHYSICAL. DIMENSIONS' inchesimillimeters) 

11-8 

Package:. P20 
20-Pin Molded DIP 

r--- 1.020/1.040 ~ 

1 ____ (25.91126.421~' ~ ~ ~I 

:€[::::::::I 
0.200 
(5.081 
MAX 

~ 0.020/0.050 WV\RAKKfW. ~(0.508/1.270) 
~ t· SEATING r----- . -,PLANE 

s.r~II~ (~:~;~;~:~~) J IJ· (~:~~ MIN 

MIN __ k- 0.01610.022 I- 0.090/0.110 
(0.40610.559) (2.286/2.794) 

Package: Q20 
20-Pin Molded leaded PCC 

0.050 ± 0.005 
(1.27 ± 0.1271 

t 

... .. 
0.290/0.320 

(7.366/8.1281 I 

'-I ...-" 0'115' 

-- (?s::::11 MIN. 
SEE NOTE 1 

(:::~~;~:~:~I RADIUS 

t 
0.29010.330 

(7.366/8.3821 

t 
0.352 ± 0.010 JI ... f----~~ 

(8.941 ± 0.2541 
I~MIN 0.15510.190 ~ (2.286) 

(3.937/4.826) 
SQUA,RE 

NOfE: SEATING PLANE LEAD COPLANARITY .005'. 

'Micro Unear 
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PHYSICAL DIMENSIONS inches (millimeters) 

Packages: R20, R24, R28 
20-Pin SSOP, 24-Pin SSOP, 28-Pin SSOP 

1----"0"----

20L, 24L, 2SL SSOP 

"N" incitJlM. "D"(mm) PACKAGE 
lEADS 

20 .274/.294 (&'95/7A5) 

24 .313/.333 (7.95/8.45) 

28 .3921AI2 (9.95/10.45) 

• (S.15/5A5) • I .203/.215 I 
JJrt( ~j,} ~.l 

.~~;:~~ -I 1- .301/313 IT 
(7.65/7.95) 0'-8' 

Package: S20W 
20-Pin sOle (Wide) 

r-- .498/.512 ~I I a a (12.65/13.00) 

1 10 
t:::J0 11 

.024 MIN 
, I (.610 MINI (4 PLCS) .290/.301 

m"=.j~ I I .. ~ J'~""\I il, (.304/ .508) -.\ f. .050 ± .008 
.L (1.27 ± 0.20) .007/.015 

.095/.106 ~ d (177/381) 
(2.4112.70) DDDDDDDDD L 

.- 7' ~ 
T SEAIlNG t 1 _11_ .0221.042 

PLANE (NOTE 1) [.c .398/.412 .~ (.559/1.07) 
(10.11110.47) 

NOTE 1: SEATING PLANE LEAD COPLANARITY .005 (0.127) (BOTTOM Of LEADS). 
NOTE 2: NOMINAL DIMENSION~ ±O.005 (0.127) UNLESS OTHERWISE SPECifiED. 

"Micro Linear 

1.0. 

R20 

R24 

R28 
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PHYSICAL DIMENSIONS inches (millimeters) 

Package: P22 
22-Pin Molded DIP 

(28.45/28.961 I" 1.120/1.140 "I 

0.200 

(5.081 

tJ~rr-rr-rr-r-r-rT 

11-10 

0.200 
(5.08) 
MAX 

f --II-- 0.014/0.028 
0.125 (0.36/0.71) 

(3.18) 
MIN. 

Package: J24W 
24-Pin Hermetic DIP (CERDIP) 

1.24011.290 
1------- (31.50/32.77)------; .... 1 

24 
13 -I 

0.510/0.590 
(12.95/14.991 

~'"T"T"T"T"T~12 _r 
I~ ._M, I tl ~ ~(0.50811.397) 

.......t.-= ~. SEATING t t PLANE' 

- II J I 0.010 
t ~ 1 __ 0.05010.065 -I - (0.254) MIN 

0.125 (1.270/1.651) 
(3.175) 0.016/0.022 0.09010.110 

MIN - -- (0.406/0.559) - (2.28612.794) 

'MicfQ"Linear 

r- 0.39010.420 I 
I r (9.91110.671 "\ I 

~~ 0.008/0.014 fl ~ + (0.20/0.361 

'..j 

0.008/0.012 _ 
(0.203/0.3051 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: J24N 
24·Pin Hermetic Ceramic DIP (Narrow) 

t 
0.285/0.310 
(7.239/7.874) 

~ 

0.200 
(5.08) 
MAX 

_t__ 0.020/0.055 

j ~--I~'~'~' 
t t PLANE ~

SEATING 

t I I I .... 0.050/0.065 --I - (0.254) MIN 
0.125 ~ (1.270/1.651) - II J I 0.010 

(3.175) 0.01610.022 0.090/0.110 
MIN - --(0.406/0.559) -(2.286/2.794) 

0.200 
(5.08) 
MAX 

24 

Package: P24W 
24·Pin Molded DIP (Wide) 

13 1 
0.540/0.570 

(13.72/14.48) 

~~-=-ci-'12 ~ 
L 0.020/0.050 

'~~~"" • h-SEATING -r-- L.! ~ PLANE 

r _II~I-0.050/0.065 I L _I (~:~!~) MIN 
0.125 (1.270/1.651) 

(3.175) _ 0.01610.022 _ 0.090/0.110 
MIN (0.40610.559) (2.286/2.794) 

'Micro Linear 

'*'-/ ....... 0'/15' 
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PHYSICAL DIMENSIONS' inches (rriillimeters) 

11-12 

0.200 
(5.08) 
MAX 

Package: P24N 
24·Pin Molded DIP (Narrow) 

I 1.210/1.270 • ~ "I 

~:::::::::: :Is~ 
L 0.020/0.050 

I ~. . ~(0.508/1.270) 
+ +T-SEATING 

0.290/0.320 

I 
(7.166/7.874) I 

... .. 

---r- . I..! M! Pli\NE 

t -IIII_~ I L--I_(~:~!~)MIN 
0 0.008/0.014 

(0.203/0.356) 

'-I .K 0'/15' 

0.125 (1.270/1.651) 
(1.175) __ ..- 0.016/0.022 _ 0.090/0.110 
MIN (0.406/0.559) (2.286/2.794) 

Package: S24W 
24·Pin sOle 

r--- .600/.614 ----j 
IR R R (15.24/15.60) R R RI 

~ 
~ --II- .0121.020 --l L .025 MIN 

(.1051.508) (.635 MIN) 
(4 PLCS.) 

L 
r/;Ig ;;::;:y g;:;g :;;:;g y:;:::;;y:;;::g ;;::;:g g;:;;:g ::;;lgl 

.095/.106 j L .050 ± .005 
(2.4112.70). (1.27 ± 0.20)' 

SEATING 
PLANE 

.290/.101 
(7.16/7.65) 

.0071.015 r---I 
(.1771.1~~ 

"f 1 J I 0.015/0.050 

j 0.406 ± 0.010 t (0.38/1.25) 

(10.11 ± 0.254) , 

NOfE 1: SEATING Pli\NE LEAD COPli\NARllY .005 (0.127) (BOITOM OF LEADS). 

'Micro Linear 



.PHYSICAL DIMENSIONS inches (millimeters) 

~/o~ MAX 

Package: J28W 
28-Pin Hermetic DIP (CERDIP) 

1·.-------------~1~.~~0/~1.~48~5~-------------~1 ,- (36.58/37.72) • 

18 

0.510/0.590 
(12.95/14.99) 

'-r:::r-t:::r-c::rt::::r'C]"'~14 ~ 

L 0.020/0.050 

~~-.rro,"."," Q:5EATING 

f jjt~ 0.055/0.065 j L ~ (~:;~~N~'N 
0.125 MIN (1.397/1.651) 

(3.175) 0.016/0.020 0.090/0.110 
(0.406/0.508) (2.286/2.794) 

~~20~ MAX 

Package: P28W 
28-Pin Molded DIP 

1.0---------- 1.410/1.470 I r (35.81/37.34) -----------~. 

28 15 1 
0.540/0.570 

':rt::T""'Crt:::nCT"t::l"L::r1:::r-'CIL::r-t:::T"t::T""'C~14:!,-J ]'"' 

L ~~ 

~~-.r.-''" t _ _ ~5EATING 

r ~jtl_0'050/0'065 I L ~ ~;!~~MIN 
0.125 MIN (1.27/1.651) 

(3.175) . 0.016/0.022 _ . 0.090/0.110 
(0.406/0.559) (2.286/2.794) 

'Microl:.inear 

r--- 0.590/0.620 ---1 
I r- (14.99/15.75) --IJ 
I I 

/1..... _\-(~:~~~;~:~~~I 
~ ~0'115' 

I-- 0.590/0.620 I.r- (14.99/15.751 

~ "". 
~ .. _.m. ~ -- (0.203/0.3561 

11-13 



PHYSICALDIMENSIONSinche5' (millimJterS) 

11-14 

Pil(:kage: Q28 
28-Pin Molded Leaded pee 

0,050 ± 0,005 
--J 1- (1,270 ± 0.127) OPIN1' I -r 

0,450 ± 0.010 
(11.43± 0,254) 

SQ, 

-~ 
0.490 ± 0.012 

(12.45 ± 0,305) 
SQ. 

NorE: SEATING PLANE LEAD COPtANARllY 0.005. 

0.010 '. 
(0.254) 0.035 RAD 
L /(0.889) . 

t Ii ~ .013 (.3301 lI-t 0.21 .533 

__ I I - 0.155/0.190 
(3.937/4.826) 

_ 0.090 MIN 
(2.286) 

-- ~f5:;::rN 

Package: S28W 
28-Pin sOle 

14 

t 
0.390/0.430 

(9.906/10.92) 
BCOF 

BEND RADII 

+ 

-II- .0121.020 
(.3051.508) 
TYPo 

--I L .024 MiN 
(.609 MIN) 
(4 PLCS.) 

0.294 ± 0.010 
(7.47 ± 0.25) 

L 
br;;n;;;n;;;n;;;n;;;n;;;n;;;n;n;n;n;;n;;n:;;nJd 

r JL' .0951.10& .050 ± .005 
ii.41 12.70) (1.27 ± 0.20) 

SEATING 
PLANE 

.0071.015 L-J 
('1771'381)1J1~, , 
t=LJ}' , 

.0221.042 
, '(.55911.07) 

.3981.412 
(10.11/10.47) 

NffiE 1: SEATING PLANE LEAD COPLANARllY .005 (0.127) (BmroM OF LEADS). 

-.M'icro Lin~ar 



PHYSICAL DIMENSIONS inches (millimeters) 

Packages: H32, H48 
32-Pin TQFP, 48-Pin TQFP 

.344/.364 

-(8.75/9.2S)b 
_ .272/.2I1IJ 

(6.90/7.10) 

oN" 

o 1 1 ~ 
(&75/9.25) 

~ 
(6.90/7.10) 

j 

I I 

ON" 

.~ 

"W' 

PACKAGE 
II> 

32L 48L 

.315 BASK: .0197 BASIC 
(JIll) (.SO) 

.009/.015 .~.o12 
(.23/.38) (.20/.30) 

H32 H48 

~ .M7MU (.'100/1.10) I (1.20) 

j L.o14/.D26 Jf 
NOTES, 1) Lead &arne copper Ihklcnes$ .005/(0.127) 

2) Max .OM/(.10» lead coplanarity 

(.350/.650) 0"-" 

Package: Q32 
32-Pin Molded Leaded PCC 

j 1
_ .050 ± .005 

(1.27 ± .1271 
PIN 1" -r 

0.553/0.547 
(14.05/13.89) 

1.05951.0595 

~~" 1""'11115.11/14.861 

.447 11.35 

::~ I;~:~;I 

WiHHHHjJ 
1 ... 430110.921-.1 

.390 ~.91 

-llt~ (3.07/3.611 

- - :r:~ I~:::I 
----. ...- .015" MIN 

(.3811 

'Micro . Linear 

.490/.530 

(12.45113.461 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: S32W 
32-Pin SOIC 

_ .816+.006 _ 
(2O.73+.1S2) ~ 

32LSOIC 

11--------.,..,..-.1-.£ (2.11/2.37) 

(:=~~ ::!,,jJr(E:t..-·:::3)1~...l 
+ I I ms/.rm --r 

- - (.638/.942) 0"-8".J 

NOTES: " 1. Dimensions are in inches (millimeters) 
2. lead ccphinarity to be wiII1in .005' (l27rnon) 
3. Max 1ead ..... .005" (.127 ... ) from ils bue position 

Package: 140 
40-Pin Hermetic DIP (CERDIP) 

2.040/2.0% 

"I 51.82/53.24 

21 -r 
0.510/0.590 
(12.95/14.99) 

20. _1 
_t__ 0.02010.050 

,~ ~~ r'.';1l8/ .. 1.270 5.08 I IJ J . 
~ .. . ~SEATlNG t . . t PLANE - J 0.010 t r II_~. __ I - 0.254 MIN. 

0.125:..i 1.270/1.&.;1 

3.175 _11_ 0.01610.022 J 1_ 0.090/0.110 . 1_ 0.090/0.110 
MIN. 0.40&/0.559 2.28&/2.794 12.28&/2.794) 

....... 0°/15° ,,/ 

11-16 'Micro· Linear 

0.008/0.012 _. 

0.203/0.305 



PHYSICAL DIMENSIONS inches (millimeters) 

0.200 
(5.08) 

Package: P40 
40-Pin Molded Plastic DIP 

'-t-__________ 2.071/2.039 __________ -+1 
(52.60/51.7'1) 

1-- "I 
40 211 

0.57010.540 

~':""'....,..,.....,-r-,...,...-r-r"""'r-T""""'''''''''-'-''''''"T"T-.-....,..,.....,-r-,.,...-r-r'''''''r-T"T"T,;20::,...a "T" 
-J '-- 0.065/0.050 

(1.&5/1.27) 

jjJh-rr-rr-rT-r-rlrrrrrr-rrrrTTTTTTTTTT"T"rTTTTTTTTTI 

Packages: G44, G52 
44-Pin PQFP, 52-Pin PQFP 

liNN 44l 52l 

"I'" .0315 (.80)BSC .0265 (.65) BSC 

"W' .012/.018 (30/.45) .090/.014 (.22/35) 

PACKAGE 
10 

1 1 
.537/.557 

(13.65/14.15) 

389/3.99 
(9.88110.12) 

J 

SEE DETAIL "A" ~ 

.' "-" j 
~\ .075/.095 ~/ (1.90/2.41) 

J I--w- "'--/ t 

G44 G52 

DETAllHA" g'd ~--, . r (.130/.230) 
.074/.084 

(1.88/2.13) t 
~ j 

I LL0' toBO 

_ .026/.037 
(.63/.1)5) 

NOTES: 1) lead copIanarity .005 max. 
2) Bent leads .005 max from its true position 

'Micro'L.inear 

0.014/0.008 
10.3&/0.20) 
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PHYSICAL DIMENSIONS inches (millimeters) 

Package: Q44 
44-Pin Molded Leaded PCC 

0.50 
(1.27) 
TYp. 

n 
0.654 '" 0.010 
(16.6HO.25) 

U 
0.69(hO.015 
(17.53 ",0.38) 

SQ. 

NffiE: 
1. SEATING PLANE LEAD COPLANARITY ±.005 

Packages: H44, H52, H64 
44-Pin TQFP, 52-Pin TQFP, 64-Pin TQFP 

.--1.0131.330 l 
fO.21.533 

0.600/0.630 
(15.24/16.00) 
BCOF BEND 

T 

44L, 52L, 64L TQFP 
10 x 10 x 1.0mm BODY 

-(l~fti~)b 
_(:':'.3~)_ 

oN" 

~f1047MAX (.900/1.10) ... (1.20) 

. t.J 1_ .014/.026 J 
(.350/.650) 0"-8" 

"N" 44L 521. 64L 

"P" JIOBASIC .65 BASIC .50 BASIC 
(.0315) (.Q256) (.0197) 

"W" .18/.32 :1.3/.37 .18/.32 
(.007/.013) (.009/.015) (,007/.013) 

PAOCAGE H44 1152 H64 ID 

NOl1'S: 1) Lead frame copper /hlckness .oos/(0.127) 
2) Max .004/(.102) lead coplanarity 

'Micro Linear 



~~Micro Linear 
2092 Concourse Drive, San Jose, CA 95131 
Tel: (408) 433-5200 • Fax: (408) 432-0295 


