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DATA CLASSIFICATION

Product Preview

This heading on a data sheet indicates that the device is in the formative
stages or under development at the time of printing of this data book. Please
check with Motorola for current status. The disclaimer at the bottom of the
first page reads: “This document contains information on a product under
development. Motorola reserves the right to change or discontinue this prod-
uct without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling, prepro-
duction, or first production stages at the time of printing of this data book.
Please check with Motorola for updated information. The disclaimer at the
bottom of the first page reads: “This document contains information on a new
product. Specifications and information herein are subject to change without
notice.”

Fully Released

A fully released data sheet contains neither a classification heading nor a
disclaimer at the bottom of the first page. This document contains information
on a product in full production. Guaranteed limits will not be changed without
written notice to your local Motorola Semiconductor Sales Office.

Technical Summary

The Technical Summary is an abridged version of the complete device data
sheet that contains the key technical information required to determine the
correct device for a specific application. Complete device data sheets for
these more complex devices are available from your Motorola Semiconduc-
tor Sales Office or authorized distributor.






@ MOTOROLA

Multimedia

Device Data

Motorola offers a broad range of semiconductor multimedia products for a wide variety of
applications. The Motorola Multimedia Device Data Book is a new book that contains specifi-
cations on these parts as well as information on Evaluation Kits, a selection of Application
Notes, Handling and Design Guidelines, and Reliability and Quality information. Functional
and Technical Selection Guides are also included to help you select the appropriate part
for your application.

New Motorola multimedia devices are being introduced continually. For the latest releases,
additional technical information, and pricing, please contact your nearest Motorola Semicon-
ductor Sales Office or authorized distributor. A complete listing of sales offices and authorized
distributors is included at the back of this book.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no war-
ranty, representation or guarantee regarding the suitability ofits products for any particular purpose, nor does Motoro-
laassume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and
all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary
in different applications. All operating parameters, including “Typicals” must be validated for each customer applica-
tion by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life, or for any other application in
which the failure of the Motorola product could create a situation where personal injury or death may occur. Should
Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall indemnify
and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims,
costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of person-
alinjury or death associated with such unintended or unauthorized use, even if such claim alleges that Motorola was
negligent regarding the design or manufacture of the part. Motorola and () are registered trademarks of Motorola,
Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

© Motorola, Inc. 1995
“All Rights Reserved”
Printed in U.S.A.

Some of the terms in the glossary originally appeared in the book Video Demystified by Keith Jack and are re-
printed by permission of Brooktree Corporation and HighText Publications, Inc.



CD-iis a registered trademark of Philips Consumer Electronics.

MACROVISION is a registered trademark of Macrovision Corporation.
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FUNCTIONAL SELECTION GUIDE

This selection guide includes all Motorola devices characterized in this book. Other devices also used in multimedia applica-
tions, but associated with other product families, appear in the following documents.

Document No.

Title

DL111/D Bipolar Power Transistor Data

DL128/D Linear and Interface ICs Data

SG73/D Master Selection Guide

SG169/D MOS Digital-Analog IC Quarterly Update

CA. Data Sheets

MC .. Data Sheets

TDA Data Sheets
A/D AND D/A CONVERTERS
Device # Function Page #
MC10319 Single Channel A/D MC10319/D
MC10321 Single Channel A/D MC10321/D
MC10322 Single Channel 8-Bit VIdeo DAC ... ..ottt MC10322/D
MC10324 Single Channel 8-Bit VIAEODAC ... ...ttt MC10324/D
MC44200 Triple 8-Bit Video DAC
MC44250 Triple 8-Bit Video ADC
MC44251 Triple 8-Bit Video ADC Three-State Qutputs ..............ccoiiiiiiiiii i, 2-76
MC145073 Stereo Audio Sigma-Delta ADC ...ttt it i e, 2-160
MC145074 Stereo Audio Sigma-DeltaDAC ......... ... i 2-174
MC145076 Stereo Audio FIR Smoothing Filter ............ . ..o i i 2-187
CD-i
Device # Function Page #
MCD212 Video Decoder and System Controller (JTAG) ...........coieiiriiiiiiiiiiiiiinnnnnnns 2-194
MCD214 Video Decoder and System Controller (VDSC) .........cviiiiiiiiiiiiiiiiiii e 2-207
MCD221 CD-Interface and Audio Processor (CIAP) .. ...ttt 2-218
MCD251 MPEG Full Motion Video Decoder (FMV) ... ..o 2-226
MCD270 IMPEG Integrated Video and Audio Decoder ..............coiiiiiiiiiiiiiiiiiinnn., 2-239
CHROMA DELAY LINES
Device # Function Page #
MC44140 ChromaDelay Line ..........ciiuiiiiiiii i i i i e 2-23
COMB FILTERS
Device # Function Page #
MC141620 Enhanced Comb Filter . .. .......ounuiii i i i e e 2-91
MC141621A Advanced Comb Filter (ACF) .. .....ouii e i e e 2-99
MC141622 Advanced Comb Filter — 1 (ACF —11) ... 2-116
MC141624 Advanced Comb Filter — I (ACF —1) ... ... i e 2-130
DEFLECTION
Device # Function Page #
MC1388 Waveform Generator for Monitors .......... ..ot MC1388/D
MC1391P Horizontal Processor . .........ouii i MC1391P/D
MC44614 Line Deflection Transistor Driver ...t MC44614/D
MC44615A Waveform Generator for Projection TV Convergence Function ................... MC44165A/D
MOTOROLA FUNCTIONAL SELECTION GUIDE
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ENCODERS/MODULATORS

Device # Function Page #
MC1373 Color TV VideoModulator . ..........c.iiuuiiii it MC1373/D
MC1374 TV Modulator (High Quality) ..............c.coiiein... MC1374/D
MC1377 Video RGB to PAL/NTSC Encoder MC1377/D
MC1378 Video Overlay Synchronizer . ...........oiiiii it MC1378/D
MC13077 Advanced Video RGB To QAL/NTSC Encoder ............covviiiviiiiinninnenn. MC13077/D
MC44701 Multistandard Digital Video Encoder 2-76
MC44702 Multistandard Digital Video Encoder 2-77
SOUND

Device # Function Page #
MC1357 SoUNd IF DeteCtOr ...ttt i e MC1357/D
TDA3190P Sound IF, Low Pass Filter, FM Detector, DC Volume Control, Preamplifier .......... TDA3190P/D
TRANSISTOR ARRAYS

Device # Function Page #
CA3054 Dual Independent Differential Amplifiers with Associated Constant Current Transistors . CA3054/D
CA3146 General Purpose H/V Aray .........ouiniiiiiii it CA3146/D
MC3346P One Differentially Connected Pair and Three Isolated Transistors ................. MC3346P/D

VIDEO AND AUDIO AMPLIFIERS

Device #
MC13060
MC14576C
MC14577C
MC34119

Function Page #
Mini Watt SOIC Audio Amplifier MC13060/D
Dual Video Amplifier .. ... e e 2-3
Dual Video AMPIIfier ... .......uiin i e e e 2-3
Low Power Audio Amplifier . ...... ..o e MC34119/D

VIDEO PROCESSORS/DEMODULATORS

Device #
MC44000
MC44010
TDA3301B

OTHER FUNCTIONS

Device #
MC3340
MC44130
MC44131
MC44144
MC44145
MC44802A
MC44807
MC44810
MC44817
MC44818
MC44824
MC144143
MC144144

Function Page #
Chroma 4 Multistandard Decoder ...ttt MC44000/D
Digital Multistandard Video Processor ................cooiiiiiiiiiiiiiiiien.. MC44010/D

COlOr PrOCESSOT . ..\ttt et ettt ettt et ettt e it e e aeens TDA3301B/D

Function Page #
EIECtronic AHENUALOK . . ...\ ctttttte ettt ettt e e et eaanas MC3340/D
SEreoton ......ooeieeeiie e MC44130/D
Improved Stereoton . ....... ...t e 2-11
Subcarrier Reference Generator .............oiiiiiiiiiiiii i MC44144/D
Sync Separator/Pixel Clock PLL ...............ccoviiiiiit, e, MC44145/D
PLLTUNING CIFCUILS . .. ettt ettt it ettt et aaas MC44802/D
PLLTUNING CIICUILS . ...ttt ittt ettt et i e e et MC44807/D
PLLTUNING CIFCUILS ..o\ttt vt e ettt e e ettt e e eea e MC44810/D
PLLTUNING CIrCUILS . ...ttt ettt ettt ettt i e e MC44817/D
PLLTuning CirCUits ..........ooiuui it MC44818/D
PLLTUniNg CirCUItS ... ...ttt it e e MC44824/D
Closed CaptioN DECOAET . . .. ..ottt ettt e ae s 2-142

Enhanced Closed Caption DeCoder . ............oouiiriuiiiiiiiniiiiiienennneennnns 2-159

DISCONTINUED/NOT RECOMMENDED FOR NEW DESIGN

MC141625A Advanced NTSC/PAL Comb Filter
To be replaced by MC141626
MCD210 Video Decoder and System Controller
Replaced by MCD212
MCD211 Video Decoder and-System Controller
Replaced by MCD212
MCD220 CD-Interface and Audio Processor
Replaced by MCD221
FUNCTIONAL SELECTION GUIDE MOTOROLA
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TECHNICAL SELECTION GUIDE

A/D AND D/A CONVERTERS
Suffix/

Device Function Features Package Page #
MC44200 Triple 8-Bit Video D/A Converter TTL inputs, 75 Q drive outputs. FU/824 2-34
MC44250 Triple 8-Bit Video A/D Converter Video clamps for RGB/YUV, 15 MHz, TTL outputs. FN/777 2-44
MC44251 Triple 8-Bit Video A/D Converter with Video clamps for RGB/YUV, 18 MHz, High Z TTL outputs. | FN/777 2-60

3-State Outputs

MC145073 Stereo Audio Sigma-Delta ADC Single + 5 V operation; 128x OSR, 0 to 20 kHz passband; | DW/751E 2-160
on—chip filtering; max. ripple + 0.1 dB.

MC145074 Stereo Audio Sigma-Delta DAC Single + 5 V operation; supports 128x 192x, 256x and D/751B 2-174
384x OSR rates; accepts 16 —, 18 — or 20-bit data; com-
panion to MC145076 Stereo Audio Fir Smoothing Filter.

MC145076 Stereo Audio FIR Smoothing Filter Single + 5 V operation; 18.5 MHz input data rate; > 40 dB D/751B 2-187
of alias filtering; companion to MC145074 Stereo Audio
Sigma-Delta DAC.

CD-i
Suffix/
Device Function Features Package Page #
MCD212 Video Decoder and System Controlier Up to 768 x 560 resolution. Built-in memory management | FU/1007 2-194
(JTAG) unit. 4 planes of graphics. Synch with external video.
MCD214 Video Decoder and System Controller CCIR601 compatible. Built-in memory management unit. 4 | FU/1007 2-207
(VDSC) planes of graphics. Synch with external video.
MCD221 CD-lInterface and Audio Processor (CIAP) 12S or SONY format. 2x drives supported. 68000 or serial FuU/841B 2-218
host interface.
MCD251 MPEG Full Motion Video Decoder (FMV) Handles MPEG1 data up to 5 MBits/s. Direct Drive of up to | FU/1007 2-226
4 MBits of DRAM. Special effects such as fast forward,
rewind, still, etc.
MCD270 IMPEG Integrated Video and Audio Handles MPEG1 data up to 5 MBits/s. Direct Drive of up to | FU/1007 2-239
Decoder 4 MBits of DRAM. Special effects such as fast forward,
rewind, still, etc. 24-bit RGB or YUV output. 12S or SONY
audio output.
CHROMA DELAY LINES
Suffix/
Device Function Features Package Page #
MC44140 PAL Digital Delay Line For PAL applications of the MC44011 and MC44001. FD’//§I4£!G 2-23
51
COMB FILTERS
Suffix/
Device Function Features Package Page #
MC141620 Enhanced Comb Filter Fast 8-Bit A/D Converter, Two 8-Bit D/A Converters, Two | FU/898 2-91
Line-Delay Memories, utilizes NTSC Subcarrier Frequen-
cy clock, CMOS Technology.
MC141621A Advanced Comb Filter (ACF) Composite Video input; YC outputs in digital and analog FU/898 2-99
form; all digital internal filters.
MC141622 Advanced Comb Filter — Il (ACF-Il} Composite Video input; YC outputs in digital and analog P/898 2-116
form; all digital internal filters; vertical enhancer circuit.
MC141624 Advanced Comb Filter — | (ACF-1) Low cost Ih filter. FU/873 2-130
SP/TBD
MOTOROLA TECHNICAL SELECTION GUIDE
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ENCODERS/MODULATORS

Suffix/

Device Function Features Package Page #

MC44701 Multistandard Digital Video Encoder CCIR601 compatible (8-bit YCrCb) inputs. Master/slave FU/824A 2-76

: modes. PALNTSC compatible. Closed—caption encoding.

MACROVISION copy protection. JTAG.

MC44702 Multistandard Digital Video Encoder CCIR601 compatible (8-bit YCrCb) inputs. Master/slave FU/848B 2-77
modes. PAL/NTSC compatible. Closed—caption encoding.
MACROVISION copy protection. RGB and YCrCb outputs.
JTAG.

VIDEO AND AUDIO AMPLIFIERS
Suffix/
Device Function Features Package Page #
MC14576C Dual Video Amplifier — “C” Version Gain @ 4.43 MHz = 6 dB +/- 1 dB, fixed gain, intemally P/626 2-3
compensated, CMOS Technology. F/904
MC14577C Dual Video Amplifier — “C” Version Gain @ 5 MHz = 10 dB max, 10 MHz = 6 dB max, adjust- | P/626 2-3
able gain, internally compensated, CMOS Technology. F/904
OTHER FUNCTIONS
Suffix/

Device Function Features Package Page #
MC44131 Improved Stereoton European TV audio decoder. P/710 2-11
MC144143 Closed Caption Decoder 8 line text mode. P707 2-142
MC144144 Enhanced Closed Caption Decoder 0OSD, 15 line text, XDS. P/707 2-159

TECHNICAL SELECTION GUIDE MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

, MC14576C
Advance Information MC14577C

Dual Video Amplifiers

CMOS
Each of these devices contains two amplifiers realized in CMOS. Each amp P SUFFIX
also employs two lateral NPN bipolar transistors. PLASTIC DIP
The MC14576 contains two internally—compensated operational amplifiers. 8 CASE 626-05
On—chip gain-—setting resistors result in a noninverting voltage gain of 6.0 dB
+ 1.0 dB at 4.43 MHz for each amp. Each noninverting input of the MC14576 1
appears as a mostly—capacitive load of about 10 pF.
The MC14577 also contains two internally—-compensated operational ampli- F SUFFIX
" . . : . SOG PACKAGE
fiers. However, the gain for each amp is adjustable with external components. s CASE 90401
(The value of the closed-loop voltage gain with a 150 Q load should not exceed )
10 dB at 5 MHz and 6 dB at 10 MHz.) All inputs of the MC14577 appear as
mostly—capacitive loads of about 10 pF. ORDERING INFORMATION
The MC14576C and MC14577C are drop—in replacements for the MC14576CP, MC14577CP  Plastic DIP
MC14576B and MC14577B, respectively. MC14576CF, MC14577CF  SOG Package

o Direct Drive of 150 Q Loads

Maximum Supply Current: 40 mA per Package

Operating Voltage Range — P Suffix: 5.0 to 12 V Relative to Vgg PIN ASSIGNMENT
F Suffix: 5.0 to 10 V Relative to Vgg

o o

* May Be Used with Single or Dual Supplies OUTPUTA[l1 @ 8[] Voo
e Operating Temperature Range — P Suffix: — 20 to 70°C
F Suffix: — 20 to 50°C INPUTA- 2 7] outrute
o Excellent Differential Gain: 3% Maximum @ 4.43 MHz INPUT A+ [| 3 6 [] INPUTB-
o Excellent Differential Phase: 3° Maximum @ 4.43 MHz Vgs ] 4 51 INPUT B+
e Guaranteed Bandwidth: 10 MHz
* Minimal External Components Required
SYMBOLIC REPRESENTATIONS
MC14576 MC14577
500 Q
————MA—
) 500Q INPUT A- -
INPUT A- 2—AAA - L outPuTA
—L ouTPuTA INPUT A+ =2 "
INPUTAY 20— 1,
500 Q
—— AW/
6
500 Q INPUT B-
INPUT B- ~&—AAA— - OUTPUTB
" outPuTB INPUT B+ =
5
INPUT B4 —=—————— + PIN4 = Vgg PIN4=Vgg
PIN8=Vpp PIN8=Vpp

NOTE: Resistors are shown above with nominal values.

This document contains information on a new product. Specifications and information herein are subject to change without notice.

MOTOROLA MC14576C-MC14577C
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MAXIMUM RATINGS (See Note)

Symbol Parameter Value Unit

Vpp DC Supply Voltage (Referenced to Vgg) -0.5t0+ 14 \%

Vin DC Input Voltage Vgs—-0.5t0 v
Vpp +0.5

Vout DC Output Voltage Vgs-05to \"
Vpp +0.5

Tstg Storage Temperature —-65to + 150 °C

TL Lead Temperature (10-Second Soldering) 260 °C

NOTE: Maximum Ratings are those values beyond which damage to the device may occur.

This device contains protection circuitry
to guard against damage due to high static
voltages or electric fields. However, pre-
cautions must be taken to avoid applica-
tions of any voltage higher than maximum
rated voltages to this high-impedance cir-
cuit. For proper operation, Vin and Vout
should be constrained to the range Vgg <
(Vin or Vout) < VDD-

Unused inputs must always be tied to an
appropriate voltagelevel (e.g., eitherVggor
Vpp). Unused outputs must be left open.

ELECTRICAL CHARACTERISTICS (Tp = 25°C, Reference Figures 1 and 2, R|_ = 150 Q Unless Otherwise Indicated)

Vpp | Vss | Guaranteed
Symbol Parameter Test Condition v v Limit Unit
Vpp Power Supply Voltage Range \'
(Referenced to Vgg) P Suffix — — 5.0t012
F Suffix - - 5.0t0 10
Ipp Maximum Power Supply Current Vin=0V, +50 | -5.0 40 mA
(Per Package) RL = « (open)
N Maximum Output Noise Vin=0V, +50 | -5.0 250 uv RMS
BW = 30 Hz to 256 MHz
Ay Closed—-Loop Voltage Gain Vin=2.0V p-p, +5.0 | -5.0 5.0t07.0 dB
f=4.43 MHz
BW Bandwidth Vin=2.0V p-p, +50 | -5.0 10 MHz
Ay within 3.0 dB
of the gain at 4.43 MHz
Vout Minimum Output Voltage Swing Vin=4.0V p-p, +50 | -5.0 35 Vp-p
f=10 MHz
Vin=15Vp-p, +25 | -25 2.0
f=5.0 MHz
- Maximum Differential Gain Vi =300 mV p—-p +5.0 -5.0 3.0 %
biased from-0.5to + 0.5V,
f=4.43 MHz
— Maximum Differential Phase Vin =300 mV p-p +50 | -5.0 3.0 Degrees
biased from-0.5to + 0.5V,
f=4.43 MHz
PSRR Minimum Power Supply Rejection Ratio, Vin=0V, +5.0 | =50 43 dB
Vpp or Vgg pins AVpp or AVgg = 400 mV p—-p
@ 100 kHz
_ Minimum Channel Separation Vin=1.0V p-p, +50 | -5.0 40 dB
f=4.43 MHz
Cin Maximum Input Capacitance Vin=1.0V p-p, +5.0 -5.0 10" pF
f=4.43 MHz
Rin Minimum Input Resistance, all Inputs except +5.0 -5.0 109+ Q
Input A— and Input B— of the MC14576
** Typical value only; not guaranteed.
MC14576C-MC14577C MOTOROLA
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Vin |
Vout | Vout
| |
| | S 50
[ I, 19
RL 500 R
Figure 1. MC14576 Test Circuit Figure 2. MC14577 Test Circuit
8
7
N
GAIN o ‘*l
6
)
~ 5 &
3 \ &
= [=)
§ 4 PHASE 0 5
b ™~ <
< ™\ o
3 Y -45 ©
75 N
2f— Vin=1Vpp -90
Vout
11— 500 500 5 \ ~135
o . —
(IR R (| \
1k 10k 100 k M 10M 50M
f, FREQUENCY (Hz)
Figure 3. Typical Gain/Phase-Frequency Response (Not Guaranteed)
MOTOROLA MC14576C-MC14577C
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Vbp 4

NONINVERTING v 6
INPUT
RS ™
500 Q b
a5 p—— OUTPUT
e W =
— Q2 —f
500 Q
AVA¢V7
L {|—o¢
(9]
— — — a7 — Q8
— L = |
s s "l "l
Vss - B - .
Figure 4. MC14576 Schematic
VoD * *
NONINVERTING
INPUT + I/os
)¢ N
R ‘i_>—< OUTPUT
INVERTING 3 Q5
INPUT ~ ——‘I - - )
— Qt Q2 —
o {—e
c1
L — — a7 — Q8
—iL ] e ||
Vss & > -9 L g
Figure 5. MC14577 Schematic
MC14576C-MC14577C MOTOROLA
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R2
l I
= ::

R3

R1

+

) o] Vlas
[ Tl

VoD

Vbias = VDD X R2/ (R1 + R2)
=Vpp/2(FR1=R2)

MC14577
p—— Vout

Figure 6. AC-Coupled Noninverting Amplifier with
Single-Supply Operation

R Ry
AVAVAV AvAvAv
Ri Rj
—"W\—t
—— Vout F Vout
Vpp Vbp
Vin MC14577 Vin MC14577
R1 R1
R2 VT‘ Vbias = VpD X R2/ (R1 + R2) R2 Vi Vbias = VDD X R2/(R1 + R2)
bias =Vpp/2(FR1=R2) _bllis =Vpp /2 (IF R1 = R2)
Figure 7. AC-Coupled Inverting Figure 8. DC-Coupled Inverting
Amplifier with Single-Supply Operation Amplifier with Single-Supply Operation
IN out 50
VIDEO INPUT { ———O
——0— MCt45760R TVORVCR
MC14577 75Q

VIDEO INPUT 2 ———O \ AL GABLE 5o

VIDEO INPUT

SWITCH L

Figure 9. Typical Application
MOTOROLA MC14576C-MC14577C
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VbD

P SUFFIX:V1=5TO 12V
F SUFFIX:V1=5TO10V

Vi —

>
T >

Vss

Figure 10. Single-Supply Operation

VbD

:[>- P SUFFIX: [V1 |+ [V2|=5T0 12V
FSUFFIX: [V1 |+ [v2|=5TO 10V

Vss

]

Figure 11. Dual- or Split-Supply Operation

MC14576C-MC14577C MOTOROLA
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EMI SUPPRESSION

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. Be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant
in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-
quate values of capacitors. The value of the decoupling
capacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling

capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only one!) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequen-
cy differ sufficiently, filtering can still work.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 13. The ground must be cut
so that the digital ground for the device is isolated from the
rest of the ground system. Next choose a ferrite bead of the
appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMI is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 13. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.

The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device
generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2X pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.

The area which should be addressed first as a potential
EMI source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 12 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
the relief pattern is equal to half the distance between pins,
over etching and process errors may remove ground be-
tween pins. If sufficient ground around enough pins are re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC44131

Product Preview

System 4 Improved Stereoton
Single Chip TV Sound Control I

This single chip performs all the necessary functions for sound control PLASTIC PACKAGE
required in a TV receiver in accordance with German standard transmission 1 CASE 710-02
mode, with NICAM transmission mode, and SECAM transmission mode.

The MC44131 is manufactured in a single chip using Motorola’s CMOS
process and is an improved version of the MC44130.

o Application: Audio for European Televisions

y/

ORDERING INFORMATION
MC44131P DIP

o Part of Motorola System 4
« Fully Controlled Through IIC Bus
¢ Accepts Base Band Dual Carrier Signals or NICAM Decoded Signals or PIN ASSIGNMENT
SECAM Decoded Signals IN AS
« “Pilot Tone” Demodulation and Identification
 Mono, Stereo, Dual Language Processing ANAGND 1 28 1 Vop
« Maximum Stereo Separation Control K2 2 27 J OSCR
» Volume, Treble, and Bass Control Kills 26 [ oscc
* Special Effects: Pseudo and Extra Wide Stereo i
o Mute and Separate Power—On Reset Mute MONO 'Ng 4 25 Vs
o Loudspeaker, Headphone, HIFI Outputs SCARTINL[ 5 24 [11SET
e Peripheral (SCART) Input/Output i SCARTINRO 6 23 P RESET
¢ Independent Volume Control Left/Right on Loudspeaker and on Head-
phone Outputs SCARTOUTLO 7 22 [ TEST
¢ Mono Recorder Drive Capability SCARTOUTR 8 21 [1 DATA
+ New Switching Matrix Allows 31 Signal Routing Options rculs 20 D v
o Auxiliary Attenuator to Avoid Clipping when Bass is Boosted S8
TCRO 10 19 ] cLock
The MC44131 is an improved version of the popular MC44130. It combines weLd 1 18 [l LSR
all following functions in a 28—pin DIP package: !
« Pilot Tone Decoding HIFI Hﬁ 12 7St
« Baseband Stereo Signal Decoding ANAGND Y 13 16 U HPR
« Signal De-Emphasis ANAVgg [ 14 15 DHPL
¢ Direct Balance Adjustment via Software (Set-Up)
o |IC Bus Controlled Routing of Baseband/Monaural/SCART Inputs to Loud-

speaker/Headphone/HIFI/SCART Outputs

Loudspeaker Output Control (Tone, Special Effects, Independent Volume

Control Left/Right)

e Headphone Output Control (Independent Volume Control Left/Right)
Re~Creation of MONO Output on SCART for Mono Recorders

MC44131 has improved MC44130 performances in the following areas:

Crosstalk Figures

Enhanced Drive Capability on SCART Output

Lowered Output Impedance on SCART Output

Reduced Sensitivity for Identification about 25%

Introduced Latch on 12C Identification Interface

New Switching Matrix for Independent Signal Routing (31 Options)
Auxiliary Attenuator on Front End of Tone Control to Fix Clipping when
Bass is Boosted

¢ Reduced Audio Signal Routing Losses

o Shorter Charge—Up Time on Analog Ground Pin

® o 0o o o 0o o

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.

MOTOROLA MC44131
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ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Value Unit
DC Supply Voltage VbD -05t0+15 \
Operating Temperature Range TA 0to 70 °C
Storage Temperature Tstg -40to+ 125 °C

NOTE: Default conditions (unless otherwise specified):
. All tests performed as per Figure 1.
2. 1% accuracy resistors — resonator Murata CSB437F3 (fs = 427 kHz, fp = 464 kHz, Cstat at kHz = 630 pF, Rs =30 Q). Vpp =12V, To =
25°C.
Va amplitude is 500 mVrms, Va frequency is 1 kHz, Vr amplitude is 400 mVpp, Vr frequency is 1 kHz, Vp frequency is 54.6875 kHz with or
without amplitude modulation.
Values for subaddress, data, and read bits have to be understood as hexadecimal values.
Treble/Bass: flat = subaddress 05 data 88.
Volumes HP and LS: Max. = subaddress 01, 02, 03, 04 data 00.
K1, K2 Set-Up: Midrange = subaddress 00, 07 data 20.
Demute, matrix option 00, no special effects = subaddress 06 data 00.
9. When switches are not mentioned, they are considered as OFF.
10. Pin 22 is not connected or is connected to Pin 20.

-

154

oONO O R

5K 330 nF
—O 2 28 VoD
191k g 100pF =
. b S
I 2 S6
o7 |40 22nF |
5k
26 _|
VP 1 nF 2 VR
@
~ 330 nF|  MC44131 - 2
s S
2 881%< 5k 2
. 19 1IC BUS
4 18 ——>
5k 330 nF 17—
4 1[N, GLITCH FILTER
: H ——
VA H s W~
5K 330 nF sf—™>
82 [
1
6 13 q_
330 nF T 200pF
5k 14
[ e =
10 25
100 nF 100n
h h h
Figure 1. Device Under Test
MOTOROLA MC44131
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POWER SUPPLY

Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Power Supply Voltage Vbp 28 10.8 12 13.2 Vv
Power Supply Current DD 28 — 35 60 mA

OSCILLATOR

Characteristics Symbol Pin Test Conditions Min Typ Max Unit

Free Running Frequency FOSC 27 Decoder and de—emphasis switched 430 437.5 450 kHz
OFF
IDENTIFICATION

Characteristics Symbol Pin Test Conditions Min Typ Max Unit

Minimum Modulation LMPA 2,27, 19, | Pilot amplitude from 50 mVpp to — 30 40 %

21 500 mVpp before AM modulation
(see also Note 2)

Maximum Modulation 60 — —_ %

VOLUME CONTROLS
Left and right outputs may be balanced at any level to with-

in half step size. by independent control of left/right side at-
tenuators.
LOUDSPEAKER (See Note)

Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Step Size from Step 0 to LSSS 6,17, 18 | Subaddr. 01, 02 Data n —>Voyt(n) 0 1.25 25 dB
Step 50* - | Subaddr. 01, 02, Data n+1 =>Vgt(n+1)

LSSS = |20 log (Vout(n)/Vout(n+1)) |
Depth from Step 0 to Step LSDL 6,17, 18 | Subaddr. 01, 02 Data 32 —>Vq(32) 55 60 70 dB
50* LSDL = |20 log (Vout(0)/Vout(32)) |
Depth at Step 62* LSDL 6,17, 18 | Subaddr. 01, 02 Data 3E —>Vgt(3E) 65 - — dB
LSDL = |20 log (Vout(0)/ Vout(3E)) |
NOTE: For all loudspeaker volume control tests, channel left and right are at the same step. Subaddress 06 data 01, S2 = 5.
* Step values understood as decimal values.
HEADPHONE (See Note)

Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Step Size from Step 0 to HPSS 5, 15, 16 | Subaddr. 03, 04 Data n —>Vgt(n) 0 25 4.0 dB
Step 25* Subaddr. 03, 04 Data n+1 —>Vgt(n+1)

HPSS = |20 log (Vout(n)/Vout(n+1)) |
Depth from Step 0 to Step HPDP 5, 15, 16 | Subaddr. 03, 04 Data 00 —>Vg(00) 55 60 70 dB
25* HPDP = |20 log (Vout(00)/Vout(19)) |
Depth at Step 30* HPDP 5,15, 16 | Subaddr. 03, 04 Data 1E —>Vout(E) 60 — — dB
HPDP = |20 log (Vout(0)/Vout(1E)) |
NOTE: For all headphone volume control tests, channel left and right are at the same step. Subaddress 06 data 01, S2 = 4.
* Step values understood as decimal values.
MC44131 MOTOROLA
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K1, K2 SET-UP CONTROL (See Note)

Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Control Range SuUD 2,3,7,8 | Subaddr. 06, Data: 05 3.5 4.5 55 dB
Subaddr. 00, 07 Data: 3E Vot(3E)
Subaddr. 00, 07 Data: 00 Vo,t(00)
SUD = |20 log (Vout(3E)/Vout(00)) |
Step Size K2 SSK2 2,3,8 | Subaddr. 06, Data: 05 0 0.1 0.2 dB
Subaddr. 07, Data: 00 ... 3F
Step Size K1 SSK1 2,3,7 | Subaddr. 06, Data: 05 0 0.2 0.4 dB
Subaddr. 00, Data: 00, 02 ... 3E
Stereo Separation Set-Up SUSM | 2,8, 7,8 | Subaddr. 06, Data: 00 20 40 — dB
at K1/K2 Mid. Subaddr. 00, 07, Data: 20
Voutk on Pin 7, VoutR on Pin 8
SUSM = |20 log (VoutL(20)/VoutR(20)) |
Stereo Separation Set-Up SUSO 2,3, 7,8 | Subaddr. 06, Data: 00 40 50 — dB
Optimized Subaddr. 00, Data: 20
Subaddr. 07, Data: n
SUSO = 20 log (Voutk(n)/VoutR(20)) |

NOTE: S2=2, S3=0N, S4 =ON. Vg tis measured on Pins 7 and 8 for K1 and K2, respectively. K1/K2 set-up control may also be used to equalize

gains in dual language mode.

DE-EMPHASIS
Characteristics Symbol Pin Test Conditions Min Typ Max Unit
De—Emphasis DMP 2,3,7,8 Vp =50 mVrms, S1=0N,S2=1,2 9.8 10.3* 10.8 dB
S4=0N, S5=0N
Subaddr. 06 Data 05, Vgt measured on
Pin7,8
DMP = |20 log (Vout(200 Hz)/Vout
(10 kHz)) |
* Corresponding to 50 us time constant (+ 7%; 46.5 ps, 53.5 us).
SPECIAL EFFECTS
PSEUDO-STEREO
Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Frequency for 180° Phase FREO 5,17, 18 | Subaddr. 06 data 22 12 1.25 1.4 kHz
Shift Input frequency VA for phase shift of
180° between Vgt on Pins 17, 18 re-
spectively
Amplitude PSA 5,18 Subaddr. 06 Data 02: VoutN — 0.1 0.6 dB
Subaddr. 06, Data: 22: Vo ,tPS
PSA = 120 log (VoutPS/VoutN) |
VARI For frequencies up to 15 kHz 3.0 dB
MOTOROLA MC44131
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EXTRA-WIDE (See Notes)

Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Direct Gain Left LLA 5,6,17, 18 | LLA = (VoutLL/VoutNL) x 100 110 120 130 %
Direct Gain Right RRB 5,6, 17, 18 | RRB = (VoutRR/VoutNR) x 100 110 120 130 %
Left to Right CC LRC 5,6,17, 18 | LRC = (VoutNR x VoutLR) x 100/ 48 54 60 %
(VoutNL x VoutRR)
Right to Left CC RLD 5,6,17,18 | RLD = (VoutNL x VoutRL) x 100/ 48 54 60 %
: (VoutNR x VoutkL)
| High Pass Filter HPLR 5,6,17, 18 [ HPLR = 20 log ((VoutLR x V300NL) / 28 3.2 3.6 dB
| (VoutNL x VhLR))
High Pass Filter HPRL 5,6,17, 18 [ HPRL = 20 log ((VoutRL x V30ONR) / ‘28 3.2 3.6 dB
(VoutNR x VhpRL))
NOTES:
Subaddress 06 Data 00
* Fva =300 Hz

~ 82 = 4 output Pin 17: V300NL
- 82 = 5 output Pin 18: V30ONR
*Fva=1kHz
— 82 = 4 output Pin 17: V{NL
— 82 = 5 output Pin 18: VouiNR
Subaddress 06 Data 10
* Fva =300 Hz
— S2 = 4 output Pin 18: VhpLR
— 82 =5 output Pin 17: VhpRL
*Fva=1kHz
— 82 =4 output Pin 17: VgtLL
- 82 = 4 output Pin 18: VgytLR
~ 82 =5 output Pin 17: VoutRL
— 82 = 5 output Pin 18: VoutRR

EXTRA-WIDE AND PSEUDO-STEREO (See Notes)

Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Left to Right CC LRBT 5,6,17,18 | LRBT = 100 (VspNR x VspLR) / 32 37 42 %
(VspNL x VspRR)
Right to Left CC RLBT 5,6,17,18 | RLBT = 100 (VspNN x VspRL) / 32 37 42 %
(VspNR x VspLL)
NOTES:

Fva = 1 kHz; Subaddress 06 Data 00
S2 = 4, output on Pin 17: VspNL
S2 = 5, output on Pin 18: VspNR
Subaddress 06 Data 30
S2 = 4, output on Pin 17: VspLL
and output on Pin 18: VspLR
§2 =5, output on Pin 17: VspRL
and output on Pin 18: VspRR

DISTORTION
Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Distortion DIST 2,3 For all selected matrix options. —_ 0.2 0.5 %
4 DIST is defined for each output by: _ 0.4* —
5,6 DIST = 100 X (Vharm/Vtot) where Vtot
7,8 is measured on the output correspond-
11,12 | ing to the selected input (see S2 and
15,16 | the switching matrix table 1) with a low
17,18 | pass filter at 15 kHz and Vharm is mea-
sured on the same output with a high Q
band pass filter from 2 kHz to 15 kHz.
* Depending on Matrix Option.
MC44131 MOTOROLA
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GLITCH

Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Glitch on Outputs When GLU 7,8, S5 = ON, use a first order RC high pass mVpp
Changing Volume Control 11,12, | filter with a frequency cut-off about 10

15,16, | Hz as per Figure 5.
17,18 | For the first four steps: —_ — 5
For the next four steps: — — 3
For the remaining steps: - —_ 1
DC Level Change When 7,8, 11, — — 100 mvV
Changing Matrix Option 12, 15,
16,17,
18
OTHER PARAMETERS

Characteristics Symbol Pin Test Conditions Min Typ Max Unit
Analog Ground VAGD 1,13 Vpin28 =Vpp =12V 5 A
Polarization (see Note 1) Vpin14 = Vpin20 = Vpin25 =Vgg =0V

Pin 1 and Pin 13 have to be connected
together
Input Output Polarization VPOL 2,3,4 | Force VAGD = Vpp/2 on Pin 1 and 5 \"
(see Note 1) 5, 6,7, 8, | Pin 13 and measure VPOL(n) on each
11, 12, |input and output pin
15, 16,
17,18
Input and Output Force Pin 1 and Pin 13 to VAGD =
Impedance Vpp/2. Force tested pin to VPOL(n) —
(see Note 1) 0.1V and measure the source current
K(n):
IKR 2,3 IKR(n) = 0.1/K(n) 25 — — kQ
IR 4,5,6 |IR(n)=0.1/K(n) 150 —_— —
ORS 7,8 ORS(n) = 0.1/K(n) except for matrix 03 — — 1
and 0B
ORA 11,12 | ORA(n) = 0.1/K(n) — — 200 Q
15,16 | ORA(n) = 0.1/K(n) — —_ 200
17,18 | ORA(n) = 0.1/K(n) — — 200
Noise S5 = ON, Bandwidth 20 Hz - 15 kHz
NKST 7,8 Matrix Option Stereo — 150 —_ puvrns
11,12 | Input K1 or K2
15,16
NKDM 17,18 | Matrix Option Dual or Mono or NICAM —_ 120 —_
Stereo, Input K1 or K2
NLMS Output LS, Input Mono or SCART — 90 —
NOMS Output SCART and Input Mono or Out- — 60 —
put HiFi/HP and Inputs Mono/SCART
NVCT Output LS, volctrl step 24 - 5 —
Output HP, volctrl step 12
PSRR PSRR 15,16, | S6 = ON, Vot measured on each out-
Power Supply Rejection 17,18, | put PSRR =20 log (Vout/Vr)
28
For LS Outputs -10 -12 - dB
For Other Outputs -30 -40 -
NOTES: )

1. Thistestmeasurementis done directly on the device without any external wiring and hardware, excepting short circuit between Pins 1 and 13.
2. Output drive capability when using application circuitis 1 Vpp on 10 kQ for all outputs.

MOTOROLA
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SWITCHING MATRIX TABLE

Selection Input Ident Output
Code HEXA ) SCART Code LS HP SCART
bedefgh Code 3) | MONO K1 K2 L I R LR L R L R L R Notes
STEREO TRANSMISSION
0XX0100 04 — — — 01 L R L R L R
0XX0011 03 — — — 01 L R L R M* M* 1
0XX0000 00 — Le R° 01 Le R° L° R° L R
1XX0000 40 —_ (L+R)/2 R 1° 2° 01 1° 1° 1° 1° L R
0XX0010 02 —_ 1° 2° 01 1° 1 2° 2° L R
0XX0001 01 — 1° 2° 01 2° 2° 1° 1° L R
1XX0001 41 - 1° 2° 01 2° 2° 2° 2° L R
DUAL LANGUAGE OR MONO TRANSMISSION
1XX0100 44 —_ 1 2 —_ — 10 1 1 1 1 1 2
0XX0110 06 — 1 2 — - 10 1 1 2 2 1 2
0XX0101 05 — 1 2 - —_ 10 2 2 1 1 1 2
1XX0101 45 — 1 2 —_ — 10 2 2 2 2 1 2
0XX1111 OF — 1 — — — 00 1 1 1 1 1 1 2
0XX0111 07 — 1 2 —_ — 10 2 2 2 2 2 2
0XX1011 0B - 1 2 — — 10 2 2 1 1 2 2
0XX1000 08 — 1 2 L° R° 10 L° R® Le R° 1 2
0XX1100 oc — 1 — Le R° 00 L° R° Le R° 1 1 2
1XX1011 4B — 1 2 L° R® 00 L° R® L° R° 2 2
1XX0110 46 — 1 2 1° 2° 10 1° 1° 1° 1° 1 2
0XX1010 0A — 1 2 1° 2° 10 1° 1° 2° 2° 1 2
0XX1001 09 — 1 2 1° 2° 10 2° 2° 1° 1° 1 2
1XX0111 47 — 1 2 1° 2° 10 2° 2° 2° 2° 1 2
1XX0010 42 — 1 —_ 1° 2° 00 1° 1° 1° 1° 1 1 2
0XX1110 OE — 1 _ 1° 2° 00 1° 1° 2° 2° 1 1 2
0XX1101 oD — 1 — 1° 2° 00 2° 2° 1° 1° 1 1 2
1XX0011 43 — 1 — 1° 2° 00 2° 2° 2° 2° 1 1 2
AM TRANSMISSION
1XX1100 4C AM — — L° R° — Le R° L° R° | AM | AM
1XX1000 48 AM — —_ 1o | 2° s 1° 1° 1° 1° AM AM
1XX1110 4E AM — — 1° 2° — 1° 1° 2° 2 | AM | AM
1XX1101 4D AM — — 1° 2° — 2° 2° 1° 1 | AM | AM
1XX1001 49 AM — — 1° 2° — 2° 2° 2° 2 | AM | AM
1IXX1111 4F AM — — — —_ — AM AM AM AM AM AM
NOTES:
1. M* is the de—emphasized signal of K1, generated in this way:
(L+R)/2 and R —> L & R —> De—emphasis —> (L+R)/2 = M*
2. Input K1 may be first language or mono information (indent code 10 or 00).
3. Withc=d=0.
REMARKS:
—  To output HIFI the same input is fed as to output LS.
— HEXA Code 4A is not used.
— HEXA Codes 00 — OF and 4C - 4F excepting 07 are compatible with respective codes on earlier versions.
MC44131 MOTOROLA
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LOUDSPEAKER OUTPUT

TONE CONTROL

Treble and bass are controlled in 14 steps from minimum
to maximum using a 4-bit word for each. Signal alternations
are identical on both channels and are realized by variable
switched capacitor filters providing very low dispersion char-
acteristics.

In order to prevent clipping of the signal if input amplitude
is high and tone control boosts it to values approaching sup-
ply voltages, two auxiliary attenuators have been placed on
the front end of the tone control circuit, one for the left chan-
nel and one for the right.

These attenuators are switched on only if bass boost might
generate distortion, i.e., if one of the four highest levels for
bass enhancement is selected (steps 11 to 14).

To compensate occurring signal attenuation, volume con-
trol on LS output may then be shifted correspondingly to
higher levels by means of software control.

Figure 2 shows how the circuit works for one channel.

As a result, up to bass control step 10 (including flat re-
sponse condition), auxiliary attenuator is disabled. When one
of the four last steps is addressed, signal amplitude on the
input of the tone control circuit will be reduced (by 2.5/5/7.5
or 10 dB for steps 11, 12, 13, or 14, respectively). On the out-
put, signal loss will only be perceptible if volume control can-
not be shifted anymore to sufficiently high values because
maximum level is reached. This limitation, however, may
avoid generation of amplitudes saturating output amplifiers.

BASS BOOST STEPS 11, 12, 13, 14
AUX. ATTENUATION 2.5, 5, 7.5, 10 dB

SOFTWARE CONTROL

+25/+5/+75/+10 dB

AUXIUARY TONE VOLUME
ATTENUATOR CONTROL CONTROL
Figure 2.

MOTOROLA
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EMI SUPPRESSION

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. Be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant
in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

The area which should be addressed first as a potential
EMI source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 4 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
the relief pattern is equal to half the distance between pins,
over etching and process errors may remove ground be-
tween pins. If sufficient ground around enough pins are re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-

quate values of capacitors. The value of the decoupling
capacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling
capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only one!) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequen-
cy differ sufficiently, filtering can still work.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 5. The ground must be cut
so that the digital ground for the device is isolated from the
rest of the ground system. Next choose a ferrite bead of the
appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMl is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 5. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.

The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device
generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2X pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.

MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC44140

Chroma Delay Line
HCMOS Technology
The MC44140 is a monolithic 64 us delay line, intended for color TV

applications. It may be used as a baseband chroma correction circuit (with
PAL), or as a chroma delay line (with SECAM).

The device has been designed for use with the MC44000 as part of 16 P SUFFIX
CHROMA 4, or with the MC44011, but may also be used as a general purpose 1 PLASTIC PACKAGE
delay line for other applications. CASE 648-08
o Part of SYSTEM 4 Concept
o Works with Baseband Color Difference Signals
o PAL (4.43 MHz)/SECAM/NTSC Capability
o Uses 17.734475 MHz Clock with PAL/SECAM Signals
 8-Bit Sampling at 1/6 Clock Frequency 16 DW SUFFIX
o External Inputs (Satellite ....) 1 PLASTIC PACKAGE
o Minimum Number of External Components CASE 751G-02
e Low Current (35 mA), + 5V Supply

ORDERING INFORMATION

MC44140P Plastic DIP
MC44140DW  SO-L

PIN ASSIGNMENT

ckll1e 16 [1 BIAS

vpp Il 2 15 1 IN1A

vss O 3 14 [1 IN2A

scf(4 13 h Vbp

ssﬁ 5 12 [] vsg

IN1B [] 6 11 {1 IN2B
outi ] 7 10 [J out2
exT1l 8 9 [l ExT2

MOTOROLA MC44140
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BLOCK DIAGRAM
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PIN DESCRIPTIONS

Pin Symbol Function
Vpp Positive supply voltage.
Vss Supply ground.
CK System clock. Supplied from MC440XX master clock. Either 17.734475 MHz (PAL and SECAM) or
14.31818 MHz (NTSC) sine wave.
5 SS System selection. 4-level signal supplied by MC440XX to indicate whether color difference signals
are PAL, NTSC, SECAM, or EXTERNAL.
4 SC Sandcastle pulse. Periodic multi-level signal supplied by MC440XX. The pulse has 4 levels to

indicate the timing of black level, ident. gate, and active signal, together with a level changing every
other line. Used to control the clamps and for the timing of the SECAM switching.

15 IN1A R-Y (IN1) and B-Y (IN2) inputs to the A/D converters. Baseband color difference (0 to 1.2 MHz)

14 IN2A signals supplied by MC440XX via external coupling capacitors of a value greater than 560 nF; these
may originate from PAL, NTSC, or SECAM systems.

6 IN1B From same source as the “A” inputs but using separate 100 nf coupling capacitors to the direct

1 IN2B (un—delayed) inputs.

8 EXT1 External R-Y (EXT1) and B-Y (EXT2) inputs. These are baseband color difference signals which

9 EXT2 are ac coupled via 10 nF capacitors from an external source.

7 OuT1 R-Y (OUT1) and B-Y (OUT2) outputs. The “corrected” baseband color difference signals are

10 ouT2 returned to MC440XX via external 10 nF capacitors.

16 BIAS Bias current. A bias current is fed to this pin by means of an external pull-up resistor of 68 k<, in

order to set the dc operating point of the operational amplifiers. An external decoupling capacitor to
GND of 10 nF is required.

MOTOROLA MC44140
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ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Value Unit
Operating Ambient Temperature Range TA 0to 70 °C
Storage Temperature Tstg —-65to + 150 °C
Package Power Dissipation Pp 500 mw

GENERAL ELECTRICAL CHARACTERISTICS

Parameter Pin Min Typ Max Unit
Supply Voltage (Maximum ripple 200 mVpk-pk at 50/100 Hz) 2,13 4.75 5.0 5.5 \
Operating Current 2,3 30 35 50 mA
Operating Power Dissipation (Ext. resistor: R BIAS = 68 kQ) 143 175 275 mw
BIAS CURRENT (BIAS)
Parameter Pin Min Typ Max Unit
Current (Ext. resistor; R BIAS = 68 kQ) , 16 — 60 —_ pA
CLOCK INPUT (CK)
Parameter Pin Min Typ Max Unit
Frequency PAL/SECAM 1 —_ 17.734475 - MHz
NTSC — 14.318180 —
Amplitude (Sinusoidal signal) 1 50 — 1000 mVpp
CLAMP
Parameter Pin Min Typ Max Unit
Clamp Current (Absolute Value) Sinked if Vi > Vclamp) 6, 11 10 25 40 HA
Sourced if Vin < Vclamp 14,15 80 150 220
Clamp Voltage (VCLAMP) 8,9 1.3 14 15 v

DELAYED SIGNAL CHARACTERISTICS

Parameter Min Typ Max Unit
Sampling Frequency (Sixth of CK frequency) —_ 2.95 - MHz
Number of Samples (Per line period and per signal) 166 166 166
Resolution 7 — 8 bit
Delay Value (Equal to sandcastle period for PAL/NTSC or to half this period for SECAM) —_ 64 - us
Gain -0.9 0.0 0.9 dB
Gain Mismatch Between the Two Lines — — 2 %
Gain Mismatch Between Direct and Delayed Signals _ -_ 2 %
Impedance Input 10k — — Q
Output — 220 —
Non-Linearity Differential —_ —_ +1 LsB
Integral — - +2 %
MC44140 MOTOROLA
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COLOR DIFFERENCE INPUT SIGNALS (IN1A, IN1B, IN2A, and IN2B)

Parameter Pin Min Typ Max Unit
B-Y Voltage Range (peak to peak) 6,15 —_ —_ 18 \
R-Y Voltage Range (peak to peak) 11,14 — — 1.8 A
DC Level (Relative to black level) (For SECAM only; when R-Y, B-Y absent) -0.3 — +0.3 \2
Bandwidth 0.0 - 1.2 MHz
Line Period 625—-Line Systems 61.7 64.0 66.7 ps
525-Line Systems 63.0 63.5 64.0
Active Signal Duration 625-Line Systems — 52.0 — us
525-Line Systems — 51.6 —
Black Level Duration PAL/NTSC 625-Line — 12.0 - us
PAL/NTSC 525-Line — 1.9 —
SECAM _ 6.0 —
SANDCASTLE TIMING CHARACTERISTICS (Pin 4)
Parameter Min Typ Max Unit
Signal Period PAL/NTSC 625-Line — 64.0 — us
PAL/NTSC 525-Line - 63.5 —
SECAM — 128.0 —
Level “0” Duration PAL/NTSC 625-Line or SECAM 1 — 54.0 — us
PAL/NTSC 525-Line — 53.5 —
Level “1” Duration (only for SECAM 2) — 54.0 — us
Level “2” Duration — 5.0 — us
Level “3” Duration ) —_ 5.0 —_ ps
Safety Margin Between Start/Finish of Active Signal and Start/Finish of Level “0” or Level “1” 0.0 1.0 2.0 us
MOTOROLA MC44140
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FUNCTIONAL DESCRIPTION

The MC44140 has been designed and is intended as a
companion device to the MC440XX decoders. As such the
MC44140 is used as a baseband chroma correction circuit
with PAL, and as the one line delay for SECAM. The device
is also compatible with NTSC color difference signals which
do not require any correction, and has the facility for routing
external R-Y and B-Y signals (e.g., from satellite or from
field store feature systems).

The block diagram for the MC44140 appears at the begin-
ning of this document. The baseband color difference signals
are derived in the MC440XX by demodulation of the chromi-
nance part of the video signal. They are then ac coupled into
the MC44140 and black level clamped. Each of the channels
has a direct path and a path containing a delay of one line
(64 ps). The clamped signals from pins 14 and 15 are taken
from the input and A/D converted to a 8-bit wide digital data
stream; this then passes through shift registers containing
166 cells in order to realize the one line delay. After this, the
data is converted back into analog signals by means of D/A
converters. The clocks for the converters are derived by di-
viding by 6 the frequency obtained from the CHROMA 4
master oscillator, which consists of a crystal running at
17.734475 MHz for PAL and SECAM. Timing of the switches
and clamps in the circuit is achieved by means of a special
sandcastle pulse provided by the MC440XX. Mode selection
~ s also undertaken by the MC440XX by means of a 4 voltage
level output supplied to pin 5.

Color difference signals provided by the MC440XX may
originate from any one of PAL, SECAM, or NTSC, so the
treatment of these incoming signals is different according to
the mode selected; as determined by the SYSTEM SELECT
level emanating from the MC440XX. Referring to the block
diagram, it is possible to follow the procedure adopted for
each standard. The clamping action may be interpreted in
each case from Figures 1 thru 4.

In the case of PAL signals, black level clamps CL1 and
CL2 are in use every line. Considering only the R-Y channel,
it will be seen that the signal is ac coupled into the circuit at
pin 6 (direct) and pin 15 (delayed). CL1 clamps the input at
pin 15 to the BLACK LEVEL VOLTAGE, this signal then
passes through the delay line. The second CL1 clamp uses
the dc level present after the delay line to clamp the black
level of the direct path. The two signals are then buffered and
averaged together, and the result is switched through to the
output at pin 7.

For NTSC color difference signals, black level clamps
CL1, 2 and 3 are all in use on every line. Again considering
the R=Y channel, the inputs at pins 6 and 15 are both
clamped to BLACK LEVEL VOLTAGE by CL1 and CL3. The
delayed path is now switched out of circuit, however, as this
is not required with NTSC. The direct path only is then routed
to the output at pin 7.

The nature of the SECAM color difference signals is some-
what different from the other standards in that the signal is
only present on every other line as is indicated in Figure 3.
For the R-Y channel, the delayed path input is clamped to
BLACK LEVEL VOLTAGE by CL1 at pin 15. The direct path
signal is clamped by the other CL1 switch to the dc level of
the delayed path (including any offsets) to ensure there is no
difference in clamping level between the two paths. During
the period “SECAM 17, the B-Y signal is present and this is

clamped to the delayed path dc level. Switch SECAM 1 is
closed during this time and so the direct signal passes
straight to the output. During the next line period (SECAM 2)
there is no direct path signal; now switch SECAM 2 is closed
and switch SECAM 1 is open. Therefore, the delayed path
signal is now switched through to the output. For the R-Y
channel the exact reverse process will occur as in this case
the direct path signal is present during the “SECAM 2" lines.

When EXT R-Y and B-Y signals are used, these are as-
sumed to be always “corrected” from whichever source they
originate. These signals are ac coupled into the circuit at pins
8 and 9 and are switched straight through to the outputs, us-
ing clamps CL4 to set the black level voltage of the two chan-
nels line by line.

SIGNALS SUPPLIED BY MC440XX DECODERS
Sandcastle Pulse

This is a multi-level line repetitive timing pulse input to
pin 4 of the IC. The signal provides timing commands to the
clamp circuits CL1, CL2, CL3, and CL4 and is also neces-
sary for the clock generator to indicate the beginning of ac-
tive signal storage. The pulse train contains a level changing
at half line rate which is used to control the switches SECAM 1
and SECAM 2 when the circuit is operating in the SECAM
mode. Tables 1 and 2 explain the meaning of the different
levels as used with the sandcastle pulse. It should be noted
that “level 1” of the pulse is only used for line by line switch-
ing in SECAM mode.

System Selection Signal

This input may have any one of four different dc voltage
levels and is used to command the functioning of the NTSC,
PAL and NTSC, SECAM 1, SECAM 2 and EXT switches of
the block diagram for the four possible modes of operation.
For the SECAM mode this signal together with the sand-
castle pulse command switches SECAM 1 and SECAM 2.
The significance of the different levels is given in Table 3.

Input Color Difference Signals

The general appearance of the baseband inputs as
derived from the MC440XX with a color bars input, is shown
in Figures 1 thru 4. Each of the color difference signals has
two ac coupled inputs to the MC44140. The line period is
64 ps for 625 line systems and 63.5 us for 525 line systems.
Whichever line standard is in use, only about 52 s of active
signal time needs to be stored and delayed for one line peri-
od for processing.

The PAL and NTSC inputs are both present at the same
time on every line and black level is provided during the whole
of the line blanking period (sandcastle periods 2 and 3) to
serve as a reference for the active signal. With SECAM only
one color difference signal is provided on any given line by the
MC440XX, while the other is replaced by a dc level for the
duration of that line period. On the following line the sequence
is then reversed. For the signal provided, black level is sup-
plied during blanking time minus the ident. gate period
(i.e., sandcastle period 3 only).

Output Color Difference Signals

Whatever the origin of the input signals, the two outputs
supplied at pins 7 and 10 are always corrected signals which
are then ac coupled back to the MC440XX. Black level is pro-

MC44140
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vided during the whole line blanking period to allow the
MC440XX to clamp the signals on the other end of the exter-
nal output coupling capacitors.

Differential Clock Input

Pins 1 and 16 form a differential clock input of high sensi-
tivity and good noise rejection. Pin 16 is an ac ground of the
differential input and must be decoupled to ground.

APPLICATION CIRCUIT

A schematic diagram of the MC44140 application circuit is
shown in Figure 5. All of the inputs/outputs shown on the left
of the diagram have the MC44000 as their destination. The
17.7 MHz and 14.3 MHz crystals shown in fact form part of
the MC44000 circuit; this device controls the crystal selection

and applies the drive to it. The majority of the rest of the cir-
cuit consists of coupling capacitors for the signal inputs and
outputs, whose function for black level clamping has already
been described. A pull-up resistor is connected to pin 16 for
the purpose of providing a bias current, which the IC uses to
set the dc operating point of internal operational amplifiers.

Separate power supply pins (Vpp and Vgg) are provided to
each of the analog section and the digital section of the chip.
Both of the + 5 V supply pins are filtered using a series resistor
and small ceramic and electrolytic capacitors mounted close
by each supply pin and its adjacent ground pin. The supplies,
especially the analog pin, should be very well bypassed in or-
der to avoid noise interfering with the clock input (pin 1),
whose input level is only some 50 mVp-p.

MOTOROLA
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Table 1. Sandcastle Ident. Pulse for PAL/NTSC

:ypl?al Range (Vpp = 5.00 V)
Level Meaning us Lower Limit Upper Limit
3 Black Level 5.0 3.67V 5.00V
2 Black Level 5.0 234V 327V
0 Active Signal PAL 54.0 0.00V 0.50V
NTSC 53.5 — —
Table 2. Sandcastle Ident. Pulse for SECAM
Level in
Chrono— | Typical Meaning Range (Vpp = 5.00 V)
logical Duration
Order us B-Y Input R-Y Input Line Period Lower Limit Upper Limit
3 5.0 Black Level DC Level 3.67V 5.00V
2 5.0 Ident. Gate DC Level 234V 3.27V
0 54.0 Active Signal DC Level SECAM 1 0.00V 0.50V
3 5.0 DC Level Black Level 3.67V 5.00V
2 5.0 DC Level Ident. Gate 234V 327V
1 54.0 DC Level Active Signal SECAM 2 0.90V 194V
Table 3. System Selection
Typical Range (Vpp =5.00V)
Level Meaning Voltage Lower Limit Upper Limit
0 PAL 0.00Vv 0.00V 0.50V
1 NTSC 140V 0.90V 1.94V
2 SECAM 250V 234V 3.27V
3 EXTERNAL 5.00V 3.67V 5.00V
MC44140 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information

Triple 8-Bit Video DAC
CMOS

The MC44200 contains three independent Digital to Analog Converters
(DAC). The digital to analog conversion is accomplished by means of a bank of
binary controlled differential current sources.

Furthermore, differential outputs are provided. The MC44200 is especially
suitable as a converter in TV—picture digital processing (e.g. picture—in—picture)
and Compact Disk—Interactive (CD—i) applications.

55 MHz Max Conversion Speed
Differential Outputs

Adjustable Output Current Range
TTL Compatible Inputs
Integrated Reference Voltage
Single 5 V Power Supply

e o o o o o

BLOCK DIAGRAM

MC44200

FU SUFFIX
QFP PACKAGE
CASE 824A-01

ORDERING INFORMATION
MC44200FU 44 Pin QFP

2125,
NG % REGISTER #
¢ 1

L

(13-20) Gip 8 REGISTER x

Cl

| IEE—

oy fin QO—————{reaisten_} ¥
a1z m( REGISTER ~

QB (36)
VDB (35)
A (34
CAS (37)
QG (40)
VDG (39)
A TG (39)
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QR (44)
. e
QR (©2)

@ck ()

Iref (1)

(7,27 Vop _—
(6,28) Vs

BIAS

Vref (33)
—

(32) Vppr

(2) Vssr

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MAXIMUM RATINGS (T = + 25°C unless otherwise specified)
Maximum ratings are those values beyond which damage to the device may occur.

Symbol Rating Value Unit
Tstg Storage Temperature — 6510 +150 °C
TA Operating Ambient Temperature —40to + 85 °C
lin Maximum Current Per Input Pin +10 mA
lout Maximum Current Per Output Pin +50 mA
Maximum Current Vyef Pin +10 mA
Vin, Vout | Maximum Voltage All Pins -05to0Vpp +0.5 \
Pp Power Dissipation 700 mw
VpD DC Supply Voltage -05t0+6 \

This device contains protection circuitry to
guard against damage due to high static volt-
ages or electric fields. However, precautions
must be taken to avoid applications of any
voltage higher than maximum rated voltages
to this high-impedance circuit. For proper
operation, Vin and Vgt should be constrained
to the range Vgg < (Vip or Vout) < VDD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp). Unused outputs must be left
open.

ELECTRICAL CHARACTERISTICS (TA =— 40 to + 85°C unless otherwise specified; Vpp = 5.0 V +5%)

Symbol Characteristic Min Max Unit Note
VbD Power Supply Voltage 45 55 \
IpD(D) Digital Supply Current 20 mA
IDD(R) Reference Supply Current 15 mA
IDD(AH) | DAC High Current Mode Supply 30 mA
IDD(AL) | DAC Low Current Mode Supply 15 mA
Cout Output Capacitance 10 pF
K Internal Current Gain 5.1 5.5
DAC High Current Mode (Note 1)
Vout Maximum Output Voltage 0 Vpp-2.1 \
lout Full scale Output Current 16 22 mA
DNL Differential Non Linearity 0.5 LsB
INL Integral Non Linearity 1 LSB
Alout DAC to DAC Max Output Current Matching 2 %
tr Transition Time 8 ns 2
tsettle Settling Time 50% to 98% of Step 30 ns
t4 Analog Output Delay Time 50 ns
Atg Output Delay Time Difference Between Channels 2 ns
Pss Power Supply Sensitivity @ Vgt (Full Scale = 1 V) 0.25 % 5
DAC Low Current Mode (Note 3)
Vout Output Voltage Range 0 Vpp-1.5 \
lout Full Scale Output Current 8 1 mA
DNL Differential Non Linearity 0.5 LSB
INL Integral Non Linearity 1 LSB
Alout DAC to DAC Output Current Matching 2 %
tr Transition Time 15 ns 4
tsettle Setting Time 50% to 98% of Step 110 ns 4
tq Analog Output Delay Time 70 ns 4
MOTOROLA MC44200
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ELECTRICAL CHARACTERISTICS (Tp = - 40 to + 85°C unless otherwise specified; Vpp = 5.0 V + 5%)
DAC Low Current Mode (continued)

Symbol Characteristic Min Max Unit Note
Atg’ Output Delay Time Difference Between Channels 4 ns
Pss Power Supply Sensitivity @ Vot (Full Scale = 3 V) 1.2 % 5
NOTES®

1. R_lyef = 330 Q, no external resistive load or voltage applied to pin 33.

2.LloadR_L=375Q,C_L=15pF.

3. R_Iref = 660 Q, no external resistive load or voltage applied to pin 33.

4. load R_L=300Q,C_L=5pF.

5. The change of the output voltage with change in the power supply voltage. This parameter is expressed in % change of full scale output versus

% change of Vpp.
DATA INPUTS
Symbol Characteristic Min Max Unit
VIH Input High Level 2 ' \
ViL Input Low Level ) 1.2 \
tsu Data Setup Time 4 ns
th Data Hold Time 1 ns
Cin Input Capacitance 7 pF
CLOCK INPUT
Symbol Characteristic Min Max Unit
VIH Input High Level 2 \
ViL Input Low Level 0.8 \
Vhys Hysteresis 0.3 \
tel Clock Low Duration 5 ns
tch Clock High Duration 5 ns
tr Clock Rise Time 15 ns
tf Clock Fall Time 15 ns
CLK
DATAINPUTS  DATAn-1l DATA n+1
|
|
le—tg ——>||<——— tsettle —>: Vin-2)
ANALOG OUTPUT
| ty |
Figure 1. Clock Input and Output Timing
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VOLTAGE REFERENCE

Symbol Characteristic Min Max Unit
Vref Reference Voltage 1173 1.297 Vv
Vief Ext | External Reference Voltage (Note 1) 1.1 1.359 \
ZVref Output Impedance (Note 2) 10 50 kQ
NOTES:

1. Vpp(R) must be connected to + 5 V.
2. Load placed on external reference voltage by internal Vet circuitry.

PIN ASSIGNMENTS
Pin No. Name Function Pin No. Name Function
1 Iref To external R_lef 23 BS Input, blue, bit 5
2 VSS(R) Vgs, reference 24 B4 Input, blue, bit 4
3 R7 Input, red, bit 7 25 B3 Input, blue, bit 3
4 R6 Input, red, bit 6 26 B2 Input, blue, bit 2
5 R5 Input, red, bit 5 27 Vop Vpp, Digital
6 Vss | Vss, digital 28 Vss |Vss, Digital
7 VbD Vpp, digital 29 B1 Input, blue, bit 1
8 R4 Input, red, bit 4 30 BO Input, blue, bit 0
9 R3 Input, red, bit 3 31 CLK Clock input
10 R2 Input, red, bit 2 32 VDD(R) VDD, Reference
" R Input, red, bit 1 33 Vref Reference voltage, (1/0)
12 RO [Input, red, bit0 34 QB | Outputblue (inverted)
3 G7 | !nput, green, bit7 35 VDBL | Vpp of blus DAC
14 G6 Input, green, bit 6 36 B Output biue (true)
15 G5 Input, , bit
nput, green, bit S 37 CAS Cascade bias, to ext. C
16 G4 Input, green, bit 4
38 QG Output green (inverted)
17 G3 Input, green, bit 3
39 VDGR Vpp of green DAC
18 G2 Input, green, bit 2
40 QG Output green (true)
19 G1 Input, green, bit 1
41 CAS Cascade bias, to ext. C
20 GO Input, green, bit 0
- 42 QR Output red (inverted)
21 B7 Input, blue, bit 7
" 43 VDRD | Vpp or red DAC
22 B6 Input, blue, bit 6
44 QR Output red (true)
MOTOROLA MC44200
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GENERAL DESCRIPTION

The MC44200 contains three parallel 8-bit digital to ana-
log converters with common clock with a Schmitt trigger input
and an internal reference supply. Each 8-bit word input to the
device is stored in an internal register on the rising edge of
the clock signal and is converted to an analog value by a
bank of binary controlled differential current sources. The
output current is determined by an integrated band—gap ref-
erence circuit, and an external resistor connected to lyef
(see Figure 2).

The MC44200 may be forced to operate from an external
reference by connecting the external reference voltage to
terminal Vief (pin 33). This voltage should be within the range
1.235 V * 10%. The internal circuitry loading on the external
voltage source will be between 10 KQ to 50 KQ. Calculation

of output drive is accomplished in the same manner as when
using an internal source.

Each digital to analog converter supplies its output in the
form of a differential current source. The two outputs allow
the device to drive either a differential balanced line, one
single unbalanced line or two complementary unbalanced
lines. The outputs can drive up to 20 mA each providing
0.75 V drive into a doubly terminated 75 Q line or 1.5 Vinto a
single terminated line.

The output current is presetable using the external resistor
(Rref) at the maximum conversion rate for output current be-
tween the range of: 8 mA < loyt < 22 mA. See Current Modes
(High and Low). The device can be operated at reduced out-
put current however conversion rate and settling time must
correspondingly be derated.

ref

R SOURCE
—AMM Vret

o+

O] ®

Iref I Vref
R_lef I Cret

NOTE: Igyt = (Vref/Rref) XK _
Vout = lout X RLOAD (Qor Q)

CURRENT
MIRROR
3
KXIRer
DAC
l lout
Q Q
DAC OUTPUTS

moi inm

Figure 2. MC44200 Current Bias Network
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PIN DESCRIPTIONS
SUPPLY PINS

Vpp(p) (Pins 7, 27)

VDRD (Pin 43), VDGR (Pin 39), VDBL (Pin 35)
Vpp(A) for Red, Green and Blue Outputs
VDD(R) (Pin 32)

The three types of supply pins are digital, analog and refer-
ence. The dc voltage applied to all four pins must be main-
tained such that

VDD(D) = VDD(A) = VDD(R)-

Each pin must be carefully decoupled to ground as close
to the package as possible and particular care should be
taken with VDp(R) as any noise present on this pin will ap-
pear in the output data as an equivalent input noise. This
noise will be present on the RD, GR and BL output pins in a
ratio of 1:1 to the input noise (worse case condition). Noise
reduction can be improved by incorporating choke coil induc-
tors in series with the power supply rails.

GROUND PINS

Vgs (Pins 6, 28) Digital Ground
Vss(R) (Pin 2) Reference Supply Ground

Since the analog output is a differential drive current
source, no analog ground pin is needed. By returning the
unused output to ground, an analog reference is established
for the active output.

ANALOG OUTPUTS

QR (Pin 44)
QR (Pin 42)
QG (Pin 40)
QG (Pin 38)
QB (Pin 36)
QB (Pin 34)

The converted analog signals are output at these pins.
QR, QG and QB are the true output pins while QR, QG and
QB provide the complementary inverted outputs. These out-
puts are configured as differential current drivers with a maxi-
mum current drive for each output of 20 mA. Voltage drive is
determined by the value of the resistance used to program
the Iref pin and the value of the load on the output pins. For
example, the voltage delivered to a 150 Q load for an output
programmed for 10 mA would be:

Vout=i*RL=10mA*150=1.5V.
When driving an unbalanced line, the unused outputs

should be returned to analog ground through a resistance
equal to the load on the active output pins.

OTHER ANALOG PINS

CAS (Pins 37, 41)

These pins are used for external decoupling of the internal
reference circuitry for the D/As. Typically a 10 nF capacitor is
connected between pin 37 and analog Vpp, a 470 nF capaci-
tor is connected between pin 41 and analog Vpp, and pins 37
and 41 are connected together (see Figure 8).

|ref (Pln 1)

This pin is used to program the value of the load current
delivered by the Red, Green and Blue output pins. The value
of the resistance connected between this pin and reference
ground is found by the formula:

Href = (1 .235 V/‘Out) x 5.3
for typical values for the internal circuitry.

DIGITAL INPUTS

RO - R7 (Pins 12 -8, 5, 4, 3)
GO - G7 (Pins 20 - 13)
BO - B7 (Pins 30, 29, 26 — 21)

These pins are the parallel inputs of the digital value for the
RGB signals. RO through R7 is the digital value of the RED
component, GO through G7 is the digital value of the GREEN
and BO through B7 is digital value of the BLUE component.

CLK (Pin 31)

The rising edge of the signal supplied to this pin is used to
latch the input signals into the internal registers. These regis-
ters hold the digital RGB component data for conversion by
the triple D/A converters.

DIFFERENTIAL OUTPUTS

Each digital to analog converter supplies a differential out-
put current pair whose relationship is shown in Figure 3.
These outputs function in push—pull, or complementary,
fashion to provide drive to a differential balanced line. The
outputs may also be used to drive an unbalanced line with
either in phase operation or complementary (180 degree) in-
version.

When only one output is used to supply a single unbal-
anced current, the load on the digital to analog converter out-
put should be balanced by placing a load on the unused
output equal in value to the load on the unused output. This
can be a single resistor whose value is equal to the load im-
pedance.

MY rmr ———————————————

lout

ol

. DATA IN
0mA >
00 FF

Figure 3. Q versus Q

CURRENT MODES (HIGH AND LOW)

The full scale output current is determined by the external
resistor Rref. The high current mode (R_Iref = 330 Q) is in-
tended to be used when the analog outputs are connected
directly with a monitor going through a coaxial cable. The low
current mode (R_Iref = 660 Q) may be used when the out-
puts are going to buffers. The full scale output current varies
linearly with the external resistor R_Iyef.

Vout
The output voltage supplied to the load is determined by
the value of the load impedance and the value chosen for

MOTOROLA
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the external bias resistor Rref. The high current mode
(Rref = 330 Q) is usually intended to drive a monitor directly
through a coaxial cable. When external buffering is supplied,
the low current (Ryef = 660 Q) mode may be used. The full
scale current varies linearly with the value of Ryef over the
range of 330 Q to 660 Q without derating. The reference cur-
rent generated in Ryef by the reference voltage Vet is multi-
plied by the current gain of the conversion circuitry. This
current gain is the factor K and has a typical value of 5.3. loyt
can be calculated using the formula:

lout = (Vref/Rref) X K.

For a typical value for Vief of 1.235 V, a typical value for K
of 5.3 and a peak current value of 13 mA, the value for Ryef
should be 510 Q.

R ref = (1.235 V/13 mA) x 5.3 = 504 Q, use 510 Q.

The output voltage, Vout, is a product of the output drive
and the load impedance (Norton’s Theorem).

Vout = lout X RLOAD (Q or Q).

Figures 4 and 5 show two different load implementations
for the same line impedance.

In Figure 4, the 75 Q transmission line is terminated both at
the load and at the source. The effective load on the output of
the MC44200 for this doubly terminated 75 Q line is one half
the line impedance or 37.5 Q. The peak output voltage for
this arrangement is limited to 0.75 V.

Vout = |out X RLOAD =20mAx37.5=0.75 V.

—l 75Q

MC44200 I %Q 5Q

Figure 4. Resistive Load for Voyt = 750 mV

%5Q

QR R
MC44200 I 150 Q 5Q
QR
_I 50Q

NOTE: For best switching performance, the resistive
load should be the same at the two differential outputs.

Figure 5. Resistive Load for Vout =1 Vpp

Figure 5 shows the recommended method for supplying a
full scale voltage of 1 V to the same 75 Q load. The effective
load on the MC44200 for the 1 V drive can be calculated as:

RLOAD =1 V/20 mA =50 Q.

The value for the parallel resistor necessary to achieve the
50 Q load is:

1/Rp = 1/50 ~1/75 = 1/150. Rp = 150 Q.

Vpp AND GND

To maximize the performance of the MC44200, noise
should be kept to a minimum. Good printed circuit board de-
sign will enhance the operation of the MC44200. Separate
analog and digital grounds will reduce noise and conversion
errors. Sufficient decoupling and short leads will also im-
prove performance (discussed later in this section).

When designing mixed analog/digital printed circuit
boards, separate ground planes for digital ground and analog
ground should be employed. Large switching currents gener-
ated by digital circuits will be amplified by analog circuitry
and can quickly make a circuit unusable. Care should be tak-
en to ensure analog ground does not inadvertently become
part of the digital ground. The analog and digital grounds
should be connected together at only one point. This is usu-
ally at or near where power enters the printed circuit board.
Additionally, when interconnecting several printed circuit
boards together, care must be taken to ensure that cabling
does not interconnect digital switching currents through ana-
log ground.

When using any device with the performance and speed of
the MC44200, ground planes are essential. Loosely inter-
connected traces and/or random areas of ground strewn
around the printed circuit board are inadequate for high per-
formance circuitry. While distribution of VppA and Vppp can
be done by bussing, to do so with the ground system is di-
sastrous.

A one inch long conductor is an 18 nH inductor. The cross
sectional area of the conductor affects the exact value of the
inductance, but for most PCB traces this is approximately
correct. If the ground system is composed of traces or
clumps of ground loosely interconnected, it will be inductive.
The amount of inductance will be proportional to the length of
the conductors making up the ground. This inductance can-
not be decoupled away. It must be designed out.

A CMOS device exhibits a characteristic input capacitance
of about 10 pF. If this gate is driven by a digital signal that
switches 2.5 V in a period of 5 ns, the equation for the aver-
age current flowing during the switching time will be:

1av = Cdv/dt.

A voltage change of 2.5 V in 5 ns requires an average cur-
rent of 5 mA. If we assume a linear ramp starting from zero,
the total change in current will be 10 mA. The change in cur-
rent per nanosecond per gate can be found by dividing the
change in current by the time:

10 mA/5 ns = 2 mA/ns.

For a device with 16 outputs driving one gate for each out-

put:
di/dt = 16 x 2 mA/ns = 32 mA/ns.

If the above 1—-inch conductor is in this current path, then

the voltage dropped across it can be found from the formula:

V = Ldi/dt = 18 nH x 32 mA/ns = 0.576 V.

MC44200
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If the inductor is-in the ground system, it is in the signal
path. The voltage generated by the switching currents
through this inductor will be added to the signal. At best it will
be superimposed on the analog signal as unwanted noise. At
worst, it can render the entire circuit unusable. Even the digi-
tal signal path is not immune to this type of signal. It can false
trigger clock circuits causing timing errors, confuse compara-
tor type circuits, and cause digital signals to be misinter-
preted as wrong values.

When laying out the PCB, use electrolytic capacitors of
sufficient size at the power input to the printed circuit board.
47 pF tantalum capacitors are recommended. Adding low
ESR (effective series resistance) decoupling capacitors of
about 0.1 uF capacitance across Vg and/or Vpp at each
device will help reduce noise in general and ESD (electro-
static discharge) susceptibility. Connect the high—capacity
and high—frequency capacitors as close as possible to all
analog Vg, digital Vpp, and ground pins. Implementation of
a good ground plane ground system can all but eliminate the
type of noise described above.

To summarize:

* Use sufficient electrolytic capacitor filtering

e Make separate ground planes for analog and digital
ground

¢ Tie these grounds together at one and only one point

* Keep the ground planes as continuous and unbroken as
possible

o Use low ESR capacitors of about 0.1 uF capacitance on
3 Vcce and Vpp at each device

o Keep all leads as short as possible

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. Be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant

in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

The area which should be addressed first as a potential
EMI source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 6 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
the relief pattern is equal to half the distance between pins,
over etching and process errors may remove ground be-
tween pins. If sufficient ground around enough pins are re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-
quate values of capacitors. The value of the decoupling ca-
pacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling
capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only one!) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequency
differ sufficiently, filtering can still work.

While not generally recommended, in cases where a
ground plane is not possible, the following technique may be
used with some success.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 7. The ground must be cut
so that the digital ground for the device is isolated from the
rest of the ground system. Next choose a ferrite bead of the
appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMI is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 7. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.
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The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device
generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2x pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.

LATCH-UP

The VpD(A). VDD(D). and VDD(R) pins connect to
power supplies that are independent from each other. There-

fore, latch—up may occur when the power is applied. To elimi-
nate latch-up, apply power to the Vpp(A), VDD(D), and
VDD(R) pins simuitaneously.

APPLICATION CIRCUIT

Figure 8 shows a typical application of the MC44200. The
device has been biased for the low current (10 mA typical)
mode. This drive allows the DAC to deliver 1.5 V into a
doubly terminated, 75 Q transmission line. The three bipolar
transistors shown on the schematic provide the necessary
current gain for the DAC outputs.

The 660 Q resistor connected to Ief (pin 1) sets the output
drive:

|out = (Vref/Rref) xK= (1235 V/660 Q) x 5.33 = 10 mA.

The voltage delivered to the load is:

Vout = lout X RLOAD=10mAx 150 Q= 1.5 V.

If the diode shown in the schematic is chosen so that the
forward voltage drop at 10 mA is equal to VgE for the bipolar
transistors, the base—emitter voltage drop of the transistors
can be ignored.

i o S
FEBIE:I;E 10nF T I 10nF ?7
. EV%D _C@ =TT B0 ... B7
REFERENCE | I 1
47u|=él1on|= I f ITlT T 47nF
Voo % 33 32 31 30 29 28 27 26 25 24 28 *
——] 34 22
' 10 - [ —
10nF
BL— ||
755G S 37 19
9 38 18 |—
< = l—ro 39 17 —
40 16 —
GN — 1 -
75Q é 4 15
‘ 470 nF 42 14—
= 150Q 3 13 |—
Py 4“4 12
RD ¢ | 100F
123456788911
75Q - =
= iﬂ"on 47yF | m | T |
= 660 Q 47 nF
FERRITE -4-'”‘"
BEAD
v -
ANIS.%G FERRITE
BEAD
VoD 0
Ro..R7  DIGTAL 60...G7
NOTE: THE DEVICE IS IN LOW CURRENT MODE
L ANALOG GROUND
,+, DIGITAL GROUND
Figure 8. Triple Digital Analog Converter (Typical fixture for buffering)
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information

Triple 8-Bit Video ADC

CMOS

The MC44250 contains three independent parallel analog—to—digital flash
converters (ADC). Each ADC consists of 256 latching comparators and an
encoder. Video may be ac or dc coupled. With ac coupling, input clamping
provides for internal dc restoration. The MC44250 also contains a dithering

generator for video processing performance enhancements.

The MC44250 is especially suitable as a front—end converter in TV—picture
digital processing (picture—in—picture, frame storage, etc.). The high speed
conversion rate of the ADC is suitable for video bandwidth of well over 6 MHz.

15 MHz Maximum Sampling Rate
Output Latching Minimizes Skew

Input Clamps Suitable for RGB and YUV Applications

Featured on the MC144000EVK PC Video Capture Evaluation Kit
Single 5-Volt Power Supply

L]
L]
L]
¢ Built-In Dither Generator with Subsequent Digital Correction
L]
L]
°

Operating Temperature Range: — 40 to + 85°C

SIMPLIFIED BLOCK DIAGRAM OF ONE OF THE ADCs

VDD(R)

Rrop

MC44250

ORDERING INFORMATION
PLCC

MC44250FN

FN SUFFIX
44-|
CASE 777-02

LEAD PLCC

PIN ASSIGNMENT

VTl
RO 29 [1 HZ
T s 8 8 P25V RILERR
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. g > LATCH[™ DATA gEEEQé&'&EE%
oMD_ & 'Y & OUTPUTS 8 83 2
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CLAMP
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This document contains information on a new product. Specifications and information herein are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS*

Symbol Characteristic Value Unit
Vooe\), VpD(D) | DC Supply Voltage (referenced to Vss) -05t0+6.0 \
DD(R)
Vin Input Voltage, All Pins -05toVpp +0.5 \
lin DC Input Current Per Pin +20 mA
lout DC Output Current Per Pin +25 mA
Tstg Storage Temperature Range -65t0+ 150 °C

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the following Operating Ranges.

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) (VDD(R) = VDD(A) = VDD(D); Rbias (Pin 39) = 5 kQ to ground)
OPERATING RANGES

Symbol Characteristic Min Max Unit
VbD(A). VDD(D): | Power Supply Voltage 45 5.5 \
VDD(R)
IDD(A) Analog Supply Current — 55 mA
IDD(R) Reference Supply Current - 28 mA
IDD(D) Digital Supply Current — 5 mA
TA Operating Ambient Temperature Range -40 +85 °C
A/D CONVERTER
Symbol Characteristic Min Max Unit
Cin Input Capacitance — 60 pF
Vmin See Figure 12 0.3xVpp 0.36 x Vpp \
Vmax See Figure 12 0.876 x Vpp 0.942 x Vpp
Vrange See Figure 12 0.576 xVpp 0.6xVpp \
Gain See Figure 12 (Note 1) 0.96 1.0 LSB
DNL Differential Nonlinearity (Note 1) — +1.0 LSB
INL Integral Nonlinearity (Note 1) — +2.0 LSB
Egain Gain Difference (Note 2) — +1.0 %
Eoff Offset Difference (Notes 1, 2) — +4.0 LSB
CLOCK INPUT
Symbol Characteristic Min Max Unit
VIH Clock Input High Level 2 —_ \
ViL Clock Input Low Level — 0.8 \
L Low Level Input Current - +2.0 pA
IIH High Level Input Current — +2.0 pA
FeLk Clock Frequency — 15 MHz
twlL Clock Low Duration, Figure 1 275 — ns
twH Clock High Duration, Figure 1 275 —_ ns
tr Clock Rise Time (10% to 90%), Figure 1 — 15 ns
t Clock Fall Time (10% to 90%), Figure 1 — 15 ns
MOTOROLA MC44250
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HZ AND VTN INPUTS

Symbol Characteristic Min Max Unit
"VIH HZ and VTN High Level Voltage 2.0 _ \"
ViL HZ and VTN Low Level Voltage —_ 0.8 \
I Low Level Input Current - +2.0 pA
IIH High Level Input Current —_ +2.0 pA
tH HZ High Time, Figure 3 3 —_ ns

CLAMPING NETWORK (Measured on R, G, B Inputs)

Symbol Characteristic Min Max Unit
lsink Clamping Sink Current 2.0 5.0 pA
Isource Clamping Source Current -5.0 -20 HA
DicL Clamping Current Difference (Note 2) - 0.1 pA
AVclamp Clamping Levels (Max. Deviation Compared to Table 1) - +1.0 LSB
NOTES:

1. Unit “LSB” means ideal LSB (see definitions section).
2. “Difference” means difference between any two converters in the same package.

RESISTIVE REFERENCE NETWORK

Symbol Characteristic Min Max Unit
ZToP RTOP Output Impedance 24 56 Q
ZBoT RBoT Output Impedance 60 140 Q
ZMID RmiD Output Impedance 60 140 Q

MODE INPUT
Symbol Characteristic Min Max Unit
ViL Logical “0” Level 0 0.8 \
VIH Logical “1” Level 4.2 Vbp(D) \"
Viz Logical “Open” Level 1.8 3.2 \
L Input Current at “0” Level —_ +50 pA
IIH Input Current at “1” Level - +50 MA
hz Input Current at “Open” Level -_ +50 pA
DATA OUTPUTS
Symbol Characteristic Min Max Unit
td Delay from Sample Clock to Valid Output, Figure 2 25 25 Cycle
loL Output Sinking Current at Voyt = 0.4 V 2.0 —_ mA
loH Output Sourcing Current at Vot = Vpp - 0.1V -0.4 - mA
tQLH: tQHL Propagation Delay from the Clock Rising Edge to Valid Data Output - 40 ns
(Cr = 15 pF), Figure 1
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Vbp(D)

~ Vss()
~—1QLH, fQHL !
o =
Figure 1. Clock and Output Timing
PIN ASSIGNMENTS
Pin No. Name Function Pin No. Name Function
1 B3 Output Blue, Bit 3 23 CLK Clock Input
2 Vss(p) |Vss. Digital 24 R4 Output Red, Bit 4
3 B4 Output Blue, Bit 4 25 R5 Output Red, Bit 5
4 B5 Output Blue, Bit 5 26 R6 Output Red, Bit 6
5 B6 Output Blue, Bit 6 27 R7 Output Red, Bit 7 (MSB)
6 Vbp(p) | VoD, Digital 28 Vss(A) | Vss: Analog
7 B7 Output Blue, Bit 7 (MSB) 29 HZ Horizontal Sync
8 GO Output Green, Bit 0 (LSB) 30 VTN Vertical Sync
9 G1 Output Green, Bit 1 31 VDD(R) | Reference Voltage
10 G2 Output Green, Bit 2 32 RTOP Reference Tapping, Top
1 G3 Output Green, Bit 3 33 Rin Analog Input, Red
12 Vss(p) |Vss. Digital 34 RMmID Reference Tapping, Middle
13 G4 Output Green, Bit 4 35 Gin Analog Input, Green
14 G5 Output Green, Bit 5 36 RBOT Reference Tapping, Bottom
15 G6 Output Green, Bit 6 37 Bin Analog input, Blue
16 G7 Output Green, Bit 7 (MSB) 38 Vss(R) |Vss for Reference Voltage
17 RO Output Red, Bit 0 (LSB) 39 IBIAS To External Bias Resistor
18 Vbp(p) |VpD. Digital 40 VbD(A) | VDD, Analog
19 R1 Output Red, Bit 1 41 MODE Clamp Level Select Input
20 R2 Output Red, Bit 2 42 BO Output Blue, Bit 0 (LSB)
21 R3 Output Red, Bit 3 43 B1 Output Blue, Bit 1
22 Vssp) | Vss. Digital 44 B2 Output Blue, Bit 2
MOTOROLA MC44250
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PIN DESCRIPTIONS

RESISTIVE REFERENCE NETWORK

RTtoP (Pin 32)
RBOT (Pin 34)
RmMiD (Pin 36)

Taps on the reference ladder are pinned out, providing
access to the bottom (RBQT), the top (RTOP), and the
middle scale points. These pins are intended for ac bypas-
sing as ladder noise may present a problem. The value of the
decoupling capacitor should not exceed 47 nF. Large capaci-
tance values can cause problems because of the amount of
energy stored. When a system containing the MC44250 is
rapidly powered down and up, the capacitor voltage may ex-
ceed the supply voltage during the power up and cause a
latch--up condition. Failure to adequately decouple these
pins can adversely affect the conversion process.

SUPPLY PINS
VDD(A) (Pin 40)
Vpp(D) (Pins 6, 18)
VpD(R) (Pin 31)

The three types of supply pins are analog, digital, and ref-
erence. The dc voltage applied to all four pins must be main-
tained such that

VDD(A) = VDD(D) = VDD(R)-

Each pin must be carefully decoupled to ground as close
to the package as possible, and particular care should be
taken with VDp(R) as any noise present on this pin will ap-
pear in the output data as an equivalent input noise. This
noise will be present on the Rjp, Gin and Bj, input pins in a
ratio of 1:1 to the input noise (worst case condition). Noise
reduction can be improved by incorporating choke coil induc-
tors in series with the power supply rails.

ANALOG INPUTS
Rin (Pin 33)
Gijn (Pin 35)
Bin (Pin 37)

The analog signals to be converted are input at these pins.
An on—chip clamp circuit for dc restoration is available when
using ac coupling. The clamp circuit operation is activated by
the presence of the signal at the HZ input. This signal is
derived from the composite sync information and must be

coincident with the horizontal sync of the composite video
waveform for proper operation. Yjn Ujn, and Vin may be
used instead of the RGB signals. In this case the conversion
will be a YUV analog-to—digital conversion.

Ibias (Pin 39)

The comparator bias current is set by connecting an exter-
nal resistor between Ipjgs and ground. The conversion rate is
guaranteed for a resistor value of 5.1 kQ * 5% and will
decrease logarithmically with increased resistance. The re-
sistor must be placed adjacent to the Ipjas pin. No decoup-
ling capacitor is allowed on this pin.

DIGITAL OUTPUTS

RO - R7 (Pins 17, 19-21, 24-27)
GO - G7 (Pins 8-11, 13-16)

BO - B7 (Pins 42-44, 1,3-5, 7)

These pins are the parallel output for the digital value for
the RGB signals. RO through R7 are the digital equivalent of
the analog RED input, GO through G7 are equivalent to the
GREEN input, and B0 through B7 are equivalent to the BLUE
input. If YUV analog signals have been input instead of the
RGB signals the digital outputs will be YO through Y7, UO
through U7 and VO through V7.

DIGITAL INPUTS

Clock (Pin 23)

The analog input voltages to be converted are sensed at
the falling edge of the clock signal and the corresponding
data is present on the digital outputs at the clock signal rising
edge, 2.5 cycles later (see Figure 2).

HZ (Pin 29)

This is the horizontal synchronization input, and is used to
increment the dither generator. The clamp network is also
controlled by HZ to ensure proper dc restoration for Rjn, Gin,
and Bjp, before conversion.

VTN (Pin 30)

The vertical synchronization input, VTN, resets the dither
generator after every second vertical sync pulse (after each
frame).

MODE (Pin 41)

This pin is used to select the proper clamp levels (see

Table 1).
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Figure 2. Conversion Timing Functional Characteristics
CIRCUIT OPERATION
GENERAL

The MC44250 contains three independent parallel ana-
log-to—digital converters (ADC). Each ADC consists of 256
latching comparators and an encoder. The MC44250 may be
used to convert RGB or YUV video information from an ana-
log to a digital format, or as a triple ADC for non-video in-
formation. For video processing performance enhancement,
each ADC has a dither generator with subsequent digital
correction designed into it. The dithering generator reduces
display degradation from granulation of the luminance in-
formation caused by quantization errors of the digitizing pro-
cess. Each ADC is driven from a common clock and receives
common sync information from the HZ and VTN pins. In
addition, the VTN pin controls the dithering function and dis-
ables the dithering generator when VTN is pulled low. The
sampling of the analog input signals occurs at the falling
edge of the clock signal, whereas the digital outputs change
state at the rising clock edge. The bias current of the
comparators is set by an external resistor. Input clamps allow
for ac coupling of the input signals.

CLAMP NETWORK

The MC44250 can be operated either dc coupled or ac
coupled. When dc coupled, the MC44250 will track the aver-
age dc level of the input waveform. For ac coupling, an on—

chip dc restoration circuit samples and adjusts the average
dc level of the input signal. The MC44250 has three select-
able clamping levels for ac coupling. The clamp levels are
selected by the MODE pin according to Table 1. In the RGB
mode, the clamping levels are set to 16/256, corresponding
to 6.3% of full range. In the YUV mode, the UV clamping lev-
els are set to 128/256 (50%), and the Y input to either 16/256
or 64/256 (25%).

When input HZ (horizontal) is high, as illustrated in Figure 3,
the voltage difference between the analog input voltage and
the clamp reference voltage is integrated within each clamp
network. At the falling edge of HZ, a latching comparator
senses the sign of the integrator output voltage. Depending on
this result, either a sinking or a sourcing current is applied to
the analog input pin as long as input HZ remains low.

For video applications, the timing of HZ is critical to the prop-
er operation of the ADC. The frequency of HZ should be
locked to the line frequency of the video input. The pulse width
and timing of HZ with respect to the video signal is shown in
Figure 5. The top curve represents the horizontal synchroniz-
ing and blanking interval for a video signal. The pulse width of
HZ, (tH) should be less than the width of the back porch, (tgp)
and coincident with it. In all cases, HZ must return low before
the end of the back porch, tgp.

Table 1. Clamping Levels

MODE
(Pin 41) Application Clamp Levels Gin Rin Bin
L RGB 16/256 16/256 16/256
H Y-UV Mode Without Sync Format 16/256 | 128/256 | 128/256
Open Y-UV Mode With Sync 64/256 | 128/256 | 128/256

MOTOROLA
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DITHERING

Dithering can be used to reduce the errors that are the re-
sult of the digitizing process used to convert video informa-
tion between analog and digital forms. This method can also
be applied to non-video signals. When converting analog
signals to a digital format, errors can be introduced because
of the limited number of discrete levels that the digital system
imposes. For example, an 8-bit digital word can describe
exactly 256 discrete analog levels. In some cases, this may
not be sufficient for the application involved.

One solution is to increase the number of bits that describe
the analog signal. The disadvantages of this approach are
the increase in cost of the converter and the loss in speed
associated with the increased number of bits. The addition of
analog filters at the point where the digital information is con-
verted back to analog is also possible, but this also has its
limitations.

When a ramp voltage is generated from a digital source or
an analog ramp is converted to a digital form and back to
analog, the limited number of vertical samples causes the
ramp to take the form of a “stair case” (see Figure 6). The
severity of this distortion depends on the number of digital
bits that generated the ramp. The “stair case” effect is less
pronounced when the number of bits producing the ramp is
increased.

When processing video information using a YUV form and
a luminance ramp is displayed, granulation errors may be-
come noticeable. This condition can also occur when one of
the RGB signals is ramped and the other two are held
constant. When processing video information using 24-bits
or less, this “granulation” can be observed. Since the video is
processed as three 8-bit signals, the maximum number of
different luminance levels is reduced to 256. In cases where

only a 7-bit luminance signal is used, the maximum number
of luminance levels is reduced to 128. The uniform lumi-
nance ramp is observed on the display as vertical bars rather
than a uniform luminance change.

The dithering technique consists of adding a small offset to
the input signal. This offset (when it is equal to an integer
number of LSB) is then subtracted from the digital output
data. This offset is varied “line-to—line” by one half LSB
steps. It allows each point of the waveform to be interpolated
to higher precision by averaging the differential linearity er-
rors on the screen.

The addition of the small offset forces the comparators to
sample at a slightly different point on the input waveform (see
Figure 7). When translated to the display, the effect is to shift
this value slightly to the left. Overall accuracy of the display is
maintained by subtracting this value from the output when
the shift is equal to an integer number of LSB. For a uniform
and continuous video waveform, the result of incrementing
and decrementing the dither voltage is to effectively double
the luminance levels from 256 to 512. The effect is to broad-
en the luminance range. This results in a more pleasing dis-
play with less visible quantization.

The dithering pattern is generated by means of a binary
counter, which is incremented for every line by input HZ, and
reset by every second vertical input VTN; thus, the dithering
pattern is synchronized to the deflection of the screen. The
effect of the dithering pattern is given in Figure 8. Subse-
quent subtraction of the introduced dithering signal at the
output of each ADC is performed by a binary adder. The dith-
ering function is suppressed when input VTN is low.

Depending on the position of the counter, the minimum
output code may be $00 or $01 and the maximum output
code may be $FE or $FF.
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RESTRICTIONS ON Vpp(R)

The normal operating condition for the MC44250 is defined
as VpDD(R) = VDD(A) = VDD(D) and the safe operating range
of VDD(R) is defined as 0 < VDD(R) < VDD. In cases where
VDD(R) is operated at values other than Vpp, it should be
noted that the accuracy of the conversion process is re-
duced. In all cases Vpp(R) should not be allowed to exceed
VDD

The 'step size is defined as SS(n) and the ideal step size is
defined as SSI. We may define an error component, d, as the
difference between the actual step size and the ideal step
size so that

2 =SSl - SS(n)l.
We may also define a worst case value for d as
d<ow

where ow is the greatest value of 9. The origin of this error is
the offset mismatch from one comparator to another and is
nearly independent of Vpp(R) and VpD.

Since d is nearly independent of VDp(R), its value will re-
main constant for all values of VDp(R).

The step size error, SSE, is defined as

SSE(n) = (SSI — SS(n))/SSI = 9(n)/SSI.
Furthermore, the ideal step size SSl is defined as
S8I = VpD(R) x 0.6/255.

Since d is a constant and S8l is proportional to Vpp(R),
the step size error, SSE, will increase as Vpp(R) is de-
creased. Further study will show that the differential nonlin-
earity, DNL, will also increase as Vpp(R) is reduced. To
minimize these errors it is desirable to keep Vpp(R) as high
as possible. Since the maximum value for VDpD(R) is VDD,

VDD(R) = VDD(D) = VDD(A)
is the value that produces the greatest conversion accuracy.

INPUT VOLTAGE RANGE

In applications where the input signals are dc coupled to
the MC44250, the following restrictions apply:

If Vin < Vmin, then the output code = $00 or $01 (depend-
ing on the dither generator).

If Vin = Vmax, then the output code = $FE or $FF (depend-
ing on the dither generator).

If Vmin < Vin € Vmax then the output code reflects the cor-
rect value of the input voltage.

If the input is video based and ac coupled, then the input
voltage range for Vj,, without saturation is

0<Vin < Vrange-

For Vjp, this reflects a maximum video input level before
saturation of about 3 V for Vpp =5 V.

MOTOROLA
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DEFINITIONS

OUTPUT
CODE
nMpFFbF—————————————————y
- -——-—— f
| |
N2 ———————— | |
| | |
Mt -—————— | | I
| |
| | |
n————— I | |
[ N
| I | |
| [ | | v
Vr() Vi) Vi) | Vr(ned) n
VM (n+3)
Figure 10.
* Transition Voltage: voltage at which transition from step o Step Size Ideal:
n to step n+1 occurs = VT(n). Vv
range _ oo

o Step Size: Difference between two consecutive transition
voltages.

8S(n) = V{n) = Vp{n = 1)

* Mid-Point Voltage:

_ Vi) + VT(n -1)

VM(n 2

VDD(R) + Vq(max code — 1)

VM(max code) = >

255

Differential Nonlinearity (DNL):
VM(n +1) - VM(n)

DNL(n) = 557

Integral Nonlinearity (INL) and Offset:
Vpa(n) —asn->b
- _M ;
N = SSi

- 1in LSB

n LSB

Note: INL (min code) and INL (max code) is not defined.

Gain: Gain=ain the formula Y =a e code + b
or the slope in the curve mid—points = f(code)

Voffset: Voffset = b~ Vmin
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APPLICATION INFORMATION

PCB DESIGN

To maximize the performance of the MC44250, noise
should be kept to a minimum. Good printed circuit board de-
sign will enhance the operation of the MC44250. Separate
analog and digital grounds will reduce noise and conversion
errors. In addition, separate filters on analog V¢ and digital
Vpp will also help to minimize noise and conversion errors.
Sufficient decoupling and short leads will also improve per-
formance.

When designing mixed analog/digital printed circuit
boards, separate ground planes for digital ground and analog
ground should be employed. Large switching currents gener-
ated by digital circuits will be amplified by analog circuitry
and can quickly make a circuit unusable. Care should be tak-
en to ensure analog ground does not inadvertently become
part of the digital ground. The analog and digital grounds
should be connected together at only one point. This is usu-
ally at or near where power enters the printed circuit board.
Additionally, when interconnecting several printed circuit
boards together, care must be taken to ensure that cabling
does not interconnect digital and analog grounds together to
produce a path for digital switching currents through analog
ground.

When using any device with the performance and speed of
the MC44250, ground planes are essential. Loosely inter-
connected traces and/or random areas of ground strewn
around the printed circuit board are inadequate for high per-
formance circuitry. While distribution of Vpp and Vcc can
be done by bussing, to do so with the ground system is di-
sastrous.

An inch long conductor is an 18 nH inductor. The cross
sectional area of the conductor affects the exact value of the
inductance, but for most PCB traces this is approximately
correct. If the ground system is composed of traces or
clumps of ground loosely interconnected, it will be inductive.
The amount of inductance will be proportional to the length of
the conductors making up the ground. This inductance can-
not be decoupled away. It must be designed out.

A CMOS device exhibits a characteristic input capacitance
of about 10 pF. If this gate is driven by a digital signal that
switches 2.5 V in a period of 5 ns, the equation for the aver-
age current flowing during the switching time will be:

lay = Cdv/dt.

A voltage change of 2.5 V in 5 ns requires an average cur-
rent of 5 mA. If we assume a linear ramp starting from zero,
the total change in current will be 10 mA. The change in cur-
rent per nanosecond per gate can be found by dividing the
change in current by the time

10 mA/5 ns = 2 mA/ns.

For a device with 16 outputs driving one gate for each out-
put,
di/dt = 16 x 2 mA/ns = 32 mA/ns.
If the above 1-inch wire is in this current path, then the
voltage dropped across it can be found from the formula
V = Ldi/dt = 18 nH x 32 mA/ns = 0.576 V.
If the inductor is-in the ground system, it is in the signal

path. The voltage generated by the switching currents
through this inductor will be added to the signal. At best it will

be superimposed on the analog signal as unwanted noise. At
worst, it can render the entire circuit unusable. Even the digi-
tal signal path is not immune to this type of signal. It can false
trigger clock circuits causing timing errors, confuse compara-
tor type circuits, and cause digital signals to be misinter-
preted as wrong values.

When laying out the PCB, use electrolytic capacitors of
sufficient size at the power input to the printed circuit board.
Adding low ESR decoupling capacitors of about 0.1 puF ca-
pacitance across Vg and/or Vpp at each device will help
reduce noise in general and ESD susceptibility. Implementa-
tion of a good ground plane ground system can all but elimi-
nate the type of noise described above.

To summarize, use sufficient electrolytic capacitor filtering,
make separate ground planes for analog ground and digital
ground, tie these grounds together at one and only one point,
keep the ground planes as continuous and unbroken as pos-
sible, use low ESR capacitors of about 0.1 uF capacitance
on Vcc and Vpp at each device, and keep all leads as short
as possible.

EMI SUPRESSION

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. Be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant
in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

The area which should be addressed first as a potential
EM! source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 13 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
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the relief pattern is equal to half the distance between pins,
over—etching and process errors may remove ground be-
tween pins. If sufficient ground around enough pins is re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-
quate values of capacitors. The value of the decoupling ca-
pacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling
capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only one!) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequen-
cy differ sufficiently, filtering can still work.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 14. The ground must be cut
so that the digital ground for the device is isolated from the

rest of the ground system. Next choose a ferrite bead of the
appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMI is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 14. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.

The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device
generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2X pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.

APPLICATIONS CIRCUIT

Figure 15 shows a typical applications circuit. This circuit
will produce analog-to—digital conversion of either RGB in-
formation or YUV information by setting SW1. In the YUV
mode, SW1 is set either to position "1’ or to the open position
depending on the desired clamp level (see Table 1). The
RGB inputs then become YUV inputs and correspondingly,
the RGB outputs are YUV. For RGB operation, SW1 is set to
the '0’ position.

MOTOROLA

MC44250
2-57




OO0} 10} 1O 1O] 1O
OO} 1O O] O]10] 1O

WRONG BETTER

Figure 13.

FERRITE BEAD

|
FERRITE BEAD INPUT OR
OUTPUT
_;_ oures

|
|
— owpass  ——|
l
|

]7 FILTER _1/_

| pn VU I o
GROUND

FERRITE BEAD

Figure 14.

MC44250
2-58

MOTOROLA



lo-do
v ar al-
foz]y
v [v v [v NIA
ZH
= = - 19
Juzy [3u Ly | 4u 2y [4u00i] uHu_:.e
d =
_ ¢ a
xRS ER¥E 8
—ZH @ ©ca S 0 [—
NV NI > > 59
v (d)aap 99
dOly [}
uly 9
aIny 05zZ¥rON (a)ssp
uig )
108y 45)
uig 19
16 i (u)ssp 09
e —AN— mm.x:wpr_ =5 & 18 [
= - - 88253283558/ = | =
] s sl L.T 41 15| 4u 001 = n_,_sﬂﬁ Hu:_ ot
IMS 0 |_.o _ . .
ﬁu __o H ._| HTi 001 OL O} ASH
o . ¢ A ——
HY 001 OL O} AGH
ug
uig
:_I
loda

Figure 15. Application Circuit

MC44250

MOTOROLA

2-59



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information
Triple 8-Bit Video ADC
Three-State Outputs
CMOS

The MC44251 contains three independent parallel analog—to—digital flash
converters (ADC). Each ADC consists of 256 latching comparators and an
encoder. Video may be ac or dc coupled. With ac coupling, input clamping
provides for internal dc restoration. The MC44251 also contains a dithering

generator for video processing performance enhancements.

The MC44251 is especially suitable as a front—end converter in TV—picture
digital processing (picture—in—picture, frame storage, etc.). The high speed
conversion rate of the ADC is suitable for video bandwidth of well over 6 MHz.

18 MHz Maximum Sampling Rate

Three—State Output Buffers

Output Latching Minimizes Skew

Input Clamps Suitable for RGB and YUV Applications
Built-In Dither Generator with Subsequent Digital Correction
Single 5-Volt Power Supply

Operating Temperature Range: — 40 to + 85°C

Vitn and Hz Input Threshold Hysteresis Built-In

Pin Compatible with MC44250

SIMPLIFIED BLOCK DIAGRAM OF ONE OF THE ADCs

VDD(R)

Rrop

g s 8

S = LATCH
RmiD & ol

< O &[R
Reor x
p

CLOCK
Ibias
ANALOG INPUT

8
DATA
UTPUTS

MC44251

FN SUFFIX
44-LEAD PLCC
CASE 777-02

ORDERING INFORMATION
MC44251FN  PLCC

PIN ASSIGNMENT

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS

Symbol Characteristic Value Unit
VbD(A). VDD(D). | PC Supply Voltage (referenced to Vss) -05t0+6.0 \Y
VDD(R)
Vin Input Voltage, All Pins -05toVpp+05| V
lin DC Input Current per Pin +20 mA
lout DC Output Current per Pin +25 mA
Tstg Storage Temperature Range —-65t0 + 150 °C

NOTE: Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.

This device contains protection circuitry
to guard against damage due to high static
voltages or electric fields. However, pre-
cautions must be taken to avoid applica-
tions of any voltage higher than maximum
rated voltages to this high-impedance cir-
cuit. For proper operation, Vin and Voyt
should be constrained to the range Vgg <
(Vin or Vout) < VDD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp). Unused outputs must be left
open.

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) (VDD(R) = VDD(A) = VDD(D): Rbias (Pin 39) = 5 kQ to ground)

OPERATING RANGES
Symbol Characteristic Min Max Unit
VDD(A). VDD(D). | Power Supply Voltage 45 55 \
VDD(R)
IDD(A) Analog Supply Current — 55 mA
IDD(R) Reference Supply Current — 28 mA
IDD(D) Digital Supply Current — 5 mA
TA Operating Ambient Temperature Range -40 + 85 °C
A/D CONVERTER
Symbol Characteristic Min Max Unit
Cin Input Capacitance — 60 pF
Vmin See Figure 11 0.3xVpp 0.36 x Vpp \
Vmax See Figure 11 0.89 x Vpp 0.93xVpp \
Vrange See Figure 11 0.57 xVpp 0.59 x Vpp v
Gain See Figure 11 (Note 1) 0.95 1.0 LSB
DNL Differential Nonlinearity (Note 1) — +1.0 LsB
INL Integral Nonlinearity (Note 1) — +2.0 LsB
Egain Gain Difference (Note 2) — +1.0 %
Eoff Offset Difference (Notes 1, 2) — +3.0 LsSB
CLOCK INPUT
Symbol Characteristic Min Max Unit
VIH Clock Input High Level 42 — Vv
ViL Clock Input Low Level — 0.8 \
TR Low Level Input Current — +2.0 A
IIH High Level Input Current — +2.0 HA
FoLk Clock Frequency — 18 MHz
twlL Clock Low Duration, Figure 1 275 — ns
twH Clock High Duration, Figure 1 27.5 —_ ns
tr | Clock Rise Time (10% to 90%), Figure 1 — 15 ns
t Clock Fall Time (10% to 90%), Figure 1 — 15 ns
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HZ AND VTN INPUTS

Symbol Characteristic Min Max Unit
VIH HZ and VTN Input Turn-On Threshold Voltage 0.56 x Vpp _— \
ViL HZ and VTN Input Turn-Off Threshold Voltage —_ 0.29xVpp \
VHYS Hysteresis Voltage 0.11 xVpp 0.17xVpp \
liL Low Level Input Current —_ +2.0 pA
H High Level Input Current — +20 HA
tH HZ High Time, Figure 3 3 - ns
CHIP SELECT INPUT
Symbol Characteristic © Min Max Unit
VIH Input High Level 3.5 — A
ViL Clamping Source Current — 1.5 \"
IIN Input Leakage Current —_ +2.0 pA
CLAMPING NETWORK (Measured on R,G,B Inputs)
Symbol Characteristic Min Max Unit
Isink Clamping Sink Current 2.0 5.0 HA
lsource Clamping Source Current -5.0 -2.0 pA
DicL Clamping Current Difference (Note 2) - 0.5 pA
AVdamp Clamping Levels (Max. Deviation Compared to Table 1) — +15 LSB
RESISTIVE REFERENCE NETWORK
Symbol Characteristic Min Max Unit
ZToP RToP Output Impedance 28 48 Q
ZBoT RBOT Output Impedance 70 130 Q
ZMiD RMiD Output Impedance 70 130 Q
MODE INPUT
Symbol Characteristic Min Max Unit
ViL Logical “0” Level 0 0.8 A
ViH Logical “1” Level 4.2 VDD(D) \
Viz Logical “Open” Level 2 2.8 \
L Input Current at “0” Level —_ +50 pA
IIH Input Current at “1” Level - +80 A
iz Input Current at “Open” Level —_— +50 A
DATA OUTPUTS
Symbol Characteristic Min Max Unit
tq Delay from Sample Clock to Valid Output, Figure 2 25 25 Cycle
loL Output Sinking Current at Vot = 0.4 V 2.0 —_ mA
IoH Output Sourcing Current at Voyt = Vpp — 0.1V -0.4 - mA
tQLH: tQHL Propagation Delay from the Clock Rising Edge to Valid Data Output — 40 ns
(CL = 15 pF), Figure 1
I0TR Maximum Three—State Leakage Current - +50 A
NOTES:
1. Unit “LSB” means ideal LSB (see definitions section).
2. “Difference” means difference between any two converters in the same package.
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Figure 1. Clock and Output Timing
PIN DESCRIPTIONS
Pin No. Name Function Pin No. Name Function

1 B3 Output Blue, Bit 3 23 CLK Clock Input

2 Vss(p) |Vss. Digital 24 R4 Output Red, Bit 4

3 B4 Output Blue, Bit 4 25 R5 Output Red, Bit 5

4 B5 Output Blue, Bit 5 26 R6 Output Red, Bit 6

5 B6 Output Blue, Bit 6 27 R7 Output Red, Bit 7 (MSB)

6 Vbp(D) | VDD, Digital 28 Vss(a) | Vss, Analog

7 B7 Output Blue, Bit 7 (MSB) 29 HzZ Horizontal Sync

8 GO Output Green, Bit 0 (LSB) 30 VTN Vertical Sync

9 G1 Output Green, Bit 1 31 Vbp(R) | VDD, reference

10 G2 Output Green, Bit 2 32 RTop Reference Tapping, Top

1 G3 Output Green, Bit 3 33 Rin Analog Input, Red

12 [ Chip Select 34 BMID Reference Tapping, Middle
13 G4 Output Green, Bit 4 35 Gin Analog Input, Green

14 G5 Output Green, Bit 5 36 RBoT Reference Tapping, Bottom
15 G6 Output Green, Bit 6 37 Bin Analog Input, Blue

16 G7 Output Green, Bit 7 (MSB) 38 Vss(R) [ Vss for Reference Voltage
17 RO Output Red, Bit 0 (LSB) 39 IBIAS To External Bias Resistor
18 Vop(p) | Voo, Digital 40 Vbb(a) | VDD, Analog

19 R1 Output Red, Bit 1 41 MODE Clamp Level Select Input
20 R2 Output Red, Bit 2 42 BO Output Blue, Bit 0 (LSB)
21 R3 Output Red, Bit 3 43 B1 Output Blue, Bit 1
22 Vss(p) |Vss. Digital 44 B2 Output Blue, Bit 2
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RESISTIVE REFERENCE NETWORK

RTtop (Pin 32)
RBOT (Pin 34)
Rmip (Pin 36)

Taps on the reference ladder are pinned out, providing
access to the bottom (RBOT), the top (RTOP), and the middle
scale points. These pins are intended for ac bypassing as
ladder noise may present a problem. The value of the de-
coupling capacitor should not exceed 47 nF. Large capaci-
tance values can cause problems because of the amount of
energy stored. When a system containing the MC44251 is
rapidly powered down and up, the capacitor voltage may ex-
ceed the supply voltage during the power up and cause a
latch—-up condition. Failure to adequately decouple these
pins can adversely affect the conversion process.

SUPPLY PINS
VDD(A) (Pin 40)
Vpp(D) (Pins 6, 18)
VDD(R) (Pin 31)
The three types of supply pins are analog, digital, and ref-

erence. The dc voltage applied to all four pins must be main-
tained such that

VDD(A) = VDD(D) = VDD(R)-

Each pin must be carefully decoupled to ground as close
to the package as possible, and particular care should be
taken with VDp(R) as any noise present on this pin will appear
in the output data as an equivalent input noise. This noise will
be present on the Rjp, Gin and Bj, input pins in aratio of 1:1 to
the input noise (worst case condition). Noise reduction can
be improved by incorporating choke coil inductors in series
with the power supply rails.

ANALOG INPUTS

Rin (Pin 33)
Gin (Pin 35)
Bin (Pin 37)

The analog signals to be converted are input at these pins.
An on—chip clamp circuit for dc restoration is available when
using ac coupling. The clamp circuit operation is activated by
the presence of the signal at the HZ input. This signal is
derived from the composite sync information and must be
coincident with the horizontal sync of the composite video
waveform for proper operation. Yjn, Uijn, and Vin may be used
instead of the RGB signals. In this case the conversion will
be a YUV analog-to—digital conversion.

|bias (Pin 39)

The comparator bias current is set by connecting an exter-
nal resistor between Ipjas and ground. The conversion rate is
guaranteed for a resistor value of 5.1 kQ + 5% and will
decrease logarithmically with increased resistance. The re-
sistor must be placed adjacent to the Ipjag pin. No decoupling
capacitor is allowed on this pin.

DIGITAL OUTPUTS

RO-R7 (Pins 17, 19-21, 24-27)
GO0-G7 (Pins 8-11, 13-16)
B0-B7 (Pins 42-44, 1, 3-5, 7)

These pins are the parallel output for the digital value for
the RGB signals. RO through R7 are the digital equivalent of
the analog RED input, GO through G7 are equivalent to the
GREEN input, and B0 through B7 are equivalent to the BLUE
input. If YUV analog signals have been input instead of the
RGB signals the digital outputs will be YO through Y7, U0
through U7 and VO through V7.

DIGITAL INPUTS
Clock (Pin 23)

The analog input voltages to be converted are sensed at
the falling edge of the clock signal and the corresponding
data is present on the digital outputs at the clock signal rising
edge, 2.5 cycles later (see Figure 2).

HZ (Pin 29)

This is the horizontal synchronization input, and is used to
increment the dither generator. The clamp network is also
controlled by HZ to ensure proper dc restoration for Ry Gin,
and Bjp, before conversion.Schmitt trigger input is included to
improve noise immunity.

VTN (Pin 30)

The vertical synchronization input, VTN, resets the dither
generator after every second vertical sync pulse (after each
frame).Schmitt trigger input is included to improve noise
immunity.

MODE (Pin 41)

This pin is used to select the proper clamp levels (see
Table 1).

CHIP SELECT (Pin 12)

Chip select is an active low input used to enable the ADC
for data transfers. When the CS is at a high level, the digital
output are forced to a high impedance state.

MC44251
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Figure 2. Conversion Timing Functional Characteristics
CIRCUIT OPERATION
GENERAL

The MC44251 contains three independent parallel ana-
log—to—digital converters (ADC). Each ADC consists of 256
latching comparators and an encoder. The MC44251 may be
used to convert RGB or YUV video information from an ana-
log to a digital format, or as a triple ADC for non-video in-
formation. For video processing performance enhancement,
each ADC has a dither generator with subsequent digital
correction designed into it. The dithering generator reduces
display degradation from granulation of the luminance in-
formation caused by quantization errors of the digitizing pro-
cess. Each ADC is driven from a common clock and receives
common sync information from the HZ and VTN pins. In
addition, the VTN pin controls the dithering function and dis-
ables the dithering generator when VTN is pulled low. The
sampling of the analog input signals occurs at the falling
edge of the clock signal, whereas the digital outputs change
state at the rising clock edge. The bias current of the
comparators is set by an external resistor. Input clamps allow
for ac coupling of the input signals.

CLAMP NETWORK

The MC44251 can be operated either dc coupled or ac
coupled. When dc coupled, the MC44251 will track the aver-
age dc level of the input waveform. For ac coupling, an on—

chip dc restoration circuit samples and adjusts the average
dc level of the input signal. The MC44251 has three select-
able clamping levels for ac coupling. The clamp levels are
selected by the MODE pin according to Table 1. In the RGB
mode, the clamping levels are set to 16/256, corresponding
to 6.3% of full range. In the YUV mode, the UV clamping lev-
els are set to 128/256 (50%), and the Y input to either 16/256
or 64/256 (25%).

When input HZ (horizontal) is high, as illustrated in Fig-
ure 33, the voltage difference between the analog input volt-
age and the clamp reference voltage is integrated within
each clamp network. At the falling edge of HZ, a latching
comparator senses the sign of the integrator output voltage.
Depending on this result, either a sinking or a sourcing cur-
rent is applied to the analog input pin as long as input HZ re-
mains low.

For video applications, the timing of HZ is critical to the
proper operation of the ADC. The frequency of HZ should be
locked to the line frequency of the video input. The pulse
width and timing of HZ with respect to the video signal is
shown in Figure 4. The top curve represents the horizontal
synchronizing and blanking interval for a video signal. The
pulse width of HZ, (tH) should be less than the width of the
back porch, (tgp) and coincident with it. In all cases, HZ must
return low before the end of the back porch, tgp.

Table 1. Clamping Levels

MODE
(Pin 41) Application Clamp Levels Gin Rin Bin
L RGB 16/256 16/256 16/256
H Y-UV Mode Without Sync Format 16/256 | 128/256 | 128/256
Open Y-UV Mode With Sync 64/256 128/256 | 128/256
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DITHERING

Dithering can be used to reduce the errors that are the re-
sult of the digitizing process used to convert video informa-
tion between analog and digital forms. This method can also
be applied to non-video signals. When converting analog
signals to a digital format, errors can be introduced because
of the limited number of discrete levels that the digital system
imposes. For example, an 8-bit digital word can describe
exactly 256 discrete analog levels. In some cases, this may
not be sufficient for the application involved.

One solution is to increase the number of bits that describe
the analog signal. The disadvantages of this approach are
the increase in cost of the converter and the loss in speed
associated with the increased number of bits. The addition of
analog filters at the point where the digital information is con-
verted back to analog is also possible, but this also has its
limitations.

When a ramp voltage is generated from a digital source or
an analog ramp is converted to a digital form and back to
analog, the limited number of vertical samples causes the
ramp to take the form of a “stair case” (see Figure 5). The
severity of this distortion depends on the number of digital
bits that generated the ramp. The “stair case” effect is less
pronounced when the number of bits producing the ramp is
increased.

When processing video information using a YUV form and
a luminance ramp is displayed, granulation errors may be-
come noticeable. This condition can also occur when one of
the RGB signals is ramped and the other two are held
constant. When processing video information using 24-bits
or less, this “granulation” can be observed. Since the video is
processed as three 8-bit signals, the maximum number of
different luminance levels is reduced to 256. In cases where
only a 7-bit luminance signal is used, the maximum number

of luminance levels is reduced to 128. The uniform lumi-
nance ramp is observed on the display as vertical bars rather
than a uniform luminance change.

The dithering technique consists of adding a small offset to
the input signal. This offset (when it is equal to an integer
number of LSB) is then subtracted from the digital output
data. This offset is varied “line—to-line” by one half LSB
steps. It allows each point of the waveform to be interpolated
to higher precision by averaging the differential linearity er-
rors on the screen.

The addition of the small offset forces the comparators to
sample at a slightly different point on the input waveform (see
Figure 6). When translated to the display, the effect is to shift
this value slightly to the left. Overall accuracy of the display is
maintained by subtracting this value from the output when
the shift is equal to an integer number of LSB. For a uniform
and continuous video waveform, the result of incrementing
and decrementing the dither voltage is to effectively double
the luminance levels from 256 to 512. The effect is to broad-
en the luminance range. This results in a more pleasing dis-
play with less visible quantization.

The dithering pattern is generated by means of a binary
counter, which is incremented for every line by input HZ, and
reset by every second vertical input VTN; thus, the dithering
pattern is synchronized to the deflection of the screen. The
effect of the dithering pattern is given in Figure 7. Subse-
quent subtraction of the introduced dithering signal at the
output of each ADC is performed by a binary adder. The
dither counter, and hence the dithering function, may be
stopped by holding VTN low. Depending on the state of the
dither counter, the output code range can be either from $00
to$FE or from $01 to $FF.

Depending on the state of the dither counter, the output
code range can be either from SO0 to SFE or from S01 to
SFF.
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RESTRICTIONS ON Vpp(R)

The normal operating condition for the MC44251 is defined
asVpD(R)=VDD(A)=VDD(D)andthe safe operating range of
VDD(R)isdefinedas0<Vpp(R)<VDD.IncaseswhereVpp(R)
is operated at values other than Vpp, it should be noted that
the accuracy of the conversion process is reduced. In all
cases VpD(R) should not be allowed to exceed Vpp.

The step size is defined as SS(n) and the ideal step size is
defined as SSI. We may define an error component, 9, as the
difference between the actual step size and the ideal step
size so that

9 =SSl - SS(n)l.
We may also define a worst case value for d as
d<ow

where ow is the greatest value of . The origin of this error is
the offset mismatch from one comparator to another and is
nearly independent of Vpp(R) and Vpp.

Since d is nearly independent of Vpp(R), its value will re-
main constant for all values of Vpp(R)-

The step size error, SSE, is defined as

SSE(n) = (SSI - SS(n))/SSI = 9(n)/SSI.
Furthermore, the ideal step size SSl is defined as
§8I =VpDp(R) x 0.6/255.

Since d is a constant and SSl is proportional to Vpp(R), the
step size error, SSE, will increase as VpD(R) is decreased.
Further study will show that the differential nonlinearity, DNL,
will also increase as Vpp(R) is reduced. To minimize these
errors it is desirable to keep VpDD(R) as high as possible.
Since the maximum value for Vpp(R) is VDD,

VDD(R) = VDD(D) = VDD(A)
is the value that produces the greatest conversion accuracy.

INPUT VOLTAGE RANGE

In applications where the input signals are dc coupled to
the MC44251, the following restrictions apply:

I Vin < Vmin, then the output code = $00 or $01 (depending
on the dither generator).

If Vin 2 Vmax, then the output code = $FE or $FF (depend-
ing on the dither generator).

If Vmin < Vin £ Vmax, then the output code reflects the cor-
rect value of the input voltage.

If the input is video based and ac coupled, then the input
voltage range for Vjp without saturation is

0<Vin < Vrange-

For Vjp this reflects a maximum video input level before
saturation of about 3 V for Vpp =5 V.

Figure 7. Effect of Dithering Pattern
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Figure 8. Dithering Sequence
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DEFINITIONS
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Figure 10. Integral Nonlinearity and Offset
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¢ Integral Nonlinearity (INL) and Offset: e Gain: Gain=aintheformulaY=aecode+b
or the slope in the curve mid—points = f(code)
V) —asn-b
INL(n) =——=sg  In LSB

Note: INL (min code) and INL (max code) is not defined. ® Voffset: Voffset =b — Vmin

OUTPUT CODE

MAX CODE* T~

1/GAIN = SLOPE

MIN CODE*

I DC INPUT VOLTAGE
Vimin Vmax

Vrange

*See dither generator.
LSB ideal = Vrange /255
(Min code = 0 or 1; see dither generator)

Figure 11.
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APPLICATION INFORMATION

PCB DESIGN

To maximize the performance of the MC44251, noise
should be kept to a minimum. Good printed circuit board de-
sign will enhance the operation of the MC44251. Separate
analog and digital grounds will reduce noise and conversion
errors. In addition, separate filters on analog Vg and digital
Vpp will also help to minimize noise and conversion errors.
Sufficient decoupling and short leads will also improve per-
formance.

When designing mixed analog/digital printed circuit
boards, separate ground planes for digital ground and analog
ground should be employed. Large switching currents gener-
ated by digital circuits will be amplified by analog circuitry
and can quickly make a circuit unusable. Care should be tak-
en to ensure analog ground does not inadvertently become
part of the digital ground. The analog and digital grounds
should be connected together at only one point. This is usu-
ally at or near where power enters the printed circuit board.
Additionally, when interconnecting several printed circuit
boards together, care must be taken to ensure that cabling
does not interconnect digital and analog grounds together to
produce a path for digital switching currents through analog
ground.

When using any device with the performance and speed of
the MC44251, ground planes are essential. Loosely inter-
connected traces and/or random areas of ground strewn
around the printed circuit board are inadequate for high per-
formance circuitry. While distribution of Vpp and V¢ can be
done by bussing, to do so with the ground system is disas-
trous.

An inch long conductor is an 18 nH inductor. The cross
sectional area of the conductor affects the exact value of the
inductance, but for most PCB traces this is approximately
correct. If the ground system is composed of traces or
clumps of ground loosely interconnected, it will be inductive.
The amount of inductance will be proportional to the length of
the conductors making up the ground. This inductance can-
not be decoupled away. It must be designed out.

A CMOS device exhibits a characteristic input capacitance
of about 10 pF. If this gate is driven by a digital signal that
switches 2.5 V in a period of 5 ns, the equation for the aver-
age current flowing during the switching time will be:

lav = Cdv/dt.

A voltage change of 2.5 V in 5 ns requires an average cur-
rent of 5 mA. If we assume a linear ramp starting from zero,
the total change in current will be 10 mA. The change in cur-
rent per nanosecond per gate can be found by dividing the
change in current by the time

10 mA/5 ns = 2 mA/ns.

For a device with 16 outputs driving one gate for each out-

put,
di/dt = 16 x 2 mA/ns = 32 mA/ns.

If the above 1—inch wire is in this current path, then the

voltage dropped across it can be found from the formula
V = Ldi/dt = 18 nH x 32 mA/ns = 0.576 V.
If the inductor is in the ground system, it is in the signal

path. The voltage generated by the switching currents
through this inductor will be added to the signal. At best it will

be superimposed on the analog signal as unwanted noise. At
worst, it can render the entire circuit unusable. Even the digi-
tal signal path is not immune to this type of signal. It can false
trigger clock circuits causing timing errors, confuse compara-
tor type circuits, and cause digital signals to be misinter-
preted as wrong values.

When laying out the PCB, use electrolytic capacitors of
sufficient size at the power input to the printed circuit board.
Adding low ESR decoupling capacitors of about 0.1 pF ca-
pacitance across V¢ and/or Vpp at each device will help re-
duce noise in general and ESD susceptibility.
Implementation of a good ground plane ground system can
all but eliminate the type of noise described above.

To summarize, use sufficient electrolytic capacitor filtering,
make separate ground planes for analog ground and digital
ground, tie these grounds together at one and only one point,
keep the ground planes as continuous and unbroken as pos-
sible, use low ESR capacitors of about 0.1 pF capacitance
on Ve and Vpp at each device, and keep all leads as short
as possible.

EMI SUPPRESSION

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. Be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant
in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

The area which should be addressed first as a potential
EMI source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 12 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
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the relief pattern is equal to half the distance between pins,
over etching and process errors may remove ground be-
tween pins. If sufficient ground around enough pins are re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-
quate values of capacitors. The value of the decoupling
capacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling
capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only one!) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequen-
cy differ sufficiently, filtering can still work.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 13. The ground must be cut
so that the digital ground for the device is isolated from the
rest of the ground system. Next choose a ferrite bead of the

appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMI is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 13. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.

The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device
generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2X pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.

APPLICATIONS CIRCUIT

Figure 14 shows a typical applications circuit. This circuit
will produce analog—to—digital conversion of either RGB in-
formation or YUV information by setting SW1. In the YUV
mode, SW1 is set either to position 1’ or to the open position
depending on the desired clamp level (see Table 1). The
RGB inputs then become YUV inputs and correspondingly,
the RGB outputs are YUV. For RGB operation, SW1 is set to
the 0’ position.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Product Preview
Multistandard Digital Video
FU SUFFIX

EnCOder 44-LEAD QFP
HCMOS Technology CASE 824A-01

This device simultaneously outputs analog composite video, S-Video, in PAL ORDERING INFORMATION
or NTSC standards. It accepts multiplexed luminance and color—difference MC44701FU  QFP
video—data from consumer—grade digital video sources, such as MPEG-I/II

decoders. The device may be synchronized to the data source, or act as
master. All necessary video processing and chroma subcarrier generation is
performed digitally and requires no adjustment and very few external
components. The MC44702 is a similar device that also provides RGB outputs
and an OSD function.

o Worldwide Operation — 625/50 or 525/60, PAL or NTSC, 2:1 or 1:1
o Three I-DACs for Outputs of CVBS and Y/C at 1 V/75Q
« 8-Bit Y/Cr/Cb Digital Inputs (CCIR-601(4:2:2)/656)
o Separate Composite Sync Output
e Closed—Caption Data Transparency
* MACROVISION™ Copy Protection System
o Built-In Video Test Pattern Generator
e 3Vor5V Digital I/O Interface
o 12C-Bus Interface
* JTAG Boundary Scan
BLOCK DIAGRAM
H v CS REF CAS
A A A [
1y ' X2 2
422 FIELD ID AND r_. MCSM SYNC AND
g BLANKING TIMING [—*1 BLANKING
YIGh EXTRACT CONTROLLER GENERATOR 44— Voo
3
7T Vs
8 Y/Cr/Cb Y
DATA
4 DEMUX *
27 MHz y CriCb
CLOCK —T—> CRICB
TOUN OVEI;I—sALh'II’I;UNG o DAC v
; -
Vppl/0 — 7‘ CONIERT
UV DAC CVBS
Vsglo—-H¥
CHROMA PROGRAM CHROMA
.;L KILL/BURST | BW [—>1 SUBCARRIER DAC Y
VbD(D) — GENERATOR FIR-LPF MODULATOR
Vss) —1¥~ I
SERIAL VIDEO JTAG CHROMA COPY
12C BUS /2/ BUS TEST PATTERN BOUNDARY SUBCARRIER PROTECT
INTERFACE GENERATOR SCAN GENERATOR SYSTEM
4
A5

MACROVISION is a trademark of Macrovision Corporation.
This document contains information on a new product under development. Motorola reserves the right to change or discontinue this product without notice.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Product Preview

Multistandard Digital Video

Encoder FU SUFFIX

HCMOS Technology o EmD Rt
Like the MC44701, this device simultaneously outputs analog composite

video, S-Video, in PAL or NTSC standards. This device also provides RGB ORDERING INFORMATION

outputs and an OSD function. It accepts multiplexed luminance and color—dif- MC44702FU  QFP

ference video—data from consumer—grade digital video sources, such as

MPEG-I/Il decoders. The device may be synchronized to the data source, or
act as master. All necessary video processing and chroma subcarrier
generation is performed digitally and requires no adjustment and very few
external components.

¢ Worldwide Operation — 625/50 or 525/60, PAL or NTSC, 2:1 or 1:1

Six I-DACs for Outputs of R/G/B/, Y/C and CVBS at 1 V/75Q

8-Bit Y/Cr/Cb Digital Inputs (CCIR-601(4:2:2)/656)

Auxiliary Digital RGB Inputs for 8—Color On Screen Display

Separate Composite Sync Output

Closed—Caption Data Transparency

MACROVISION™ Copy Protection System

Built-In Video Test Pattern Generator

3V or 5V Digital /O Interface

12C-Bus Interface

e JTAG Boundary Scan BLOCK DIAGRAM
oV cs REF CAS
A A A L1
} Yy v | Ao A2
Vppllo —4 g, | FIELDIDAND MCSM SYNC AND
7 BLANKNG [ TIMNG [ BLANKING oG "
1
VsslO—4 4222 EXTRACT CONTROLLER GENERATOR
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DATA DAC
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4 DEMUX \
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27 MHz ) [ 7° DAC B
CLock === cHieh
Touy | "L Y
N CONVERT -
RGB7 piveiid w7 DA
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OSDE FOR 0SD
CHROMA PROGRAM CHROMA
# KILL/BURST  {—» BW —> SUBCARRIER DAC c
VbD(D) GENERATOR FIR-LPF MODULATOR
Vsso) —1F~ f
SERIAL VIDEO JTAG CHROMA COPY Voo
12c Bus —-% BUS TEST PATTERN BOUNDARY SUBCARRIER PROTECT f
INTERFACE GENERATOR SCAN GENERATOR SYSTEM ZA—Vssa)
is

MACROVISION is a trademark of Macrovision Corporation.
This document contains information on a new product under development. Motorola reserves the right to change or discontinue this product without notice.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC141543
Product Preview
Advanced Monitor On-Screen - urre
Display PLASTIC PACKAGE
CASE 648-08

CMOS

This is a high performance HCMOS device designed to interface with a ORDERING INFORMATION
microcontroller unit to allow colored symbols or characters to be displayed on a MC141543P  Plastic Dip
color monitor. Its on—chip PLL allows both multisystem operation and self
generation of system timing. It also minimizes the MCU’s burden through its
built-in 493 bytes RAM. By storing a full screen of data and control information,
this device has a capability to carry out ‘screen—refresh’ without any MCU PIN ASSIGNMENT
supervision.

Since there is no clearance between characters, special graphics oriented
characters can be generated by combining two or more character blocks. There Vssia [ 10 16 [1 vgg
are three different resolutions that users can choose. By changing the number veo(] 2 15[ R
of dots per horizontal line to 320 (CGA), 480 (EGA) or 640 (VGA), smaller
characters with higher resolution can be easily achieved. AP 3 e

Special functions such as character bordering or shadowing, multi-level Voo [ 4 1308
windows, double height and double width, and programmable vertical length of Hre( 5 12 [1 FBKG
character are also incorporated. Furthermore, neither massive information HTONE/
update nor extremely high data transmission rate are expected for normal on— ssll 6 nj PWMCK
screen display operation and serial protocols are implemented in lieu of any SDAMOS)) [} 7 10 [J VFLB
parallel formats to achieve th.e minimum pin count. scusck [ 9 [ vpp
o Three Selectable Resolutions : 320 (CGA), 480 (EGA) or 640 (VGA) Dots

per Line

Fully Programmable Character Array of 15 Rows by 30 Columns

493 Bytes Direct Mapping Display RAM Architecture

Internal PLL Generates a Wide—Ranged System Clock

For High End Monitor Application, Maximum Horizontal Frequency is

82 KHz

Programmable Vertical Height of Character to Meet Multi-Sync

Requirement

Programmable Vertical and Horizontal Positioning for Display Center

128 Characters and Graphic Symbols ROM (Mask ROM is Optional)

10 x 16 Dot Matrix Character

Character by Character Color Selection

A Maximum of Four Selectable Colors per Row

Double Character Height and Double Character Width

Character Bordering or Shadowing

Three Fully Programmable Background Windows with Overlapping Capa-

bility

¢ Provide a Clock Output Synchronous to the Incoming H Sync for External
PWM

e M_BUS (lIC) Interface with Address $7A (SP! Bus is Mask Option)

¢ Single Positive 5 V Supply

L] e o o o

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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ABSOLUTE MAXIMUM RATINGS Voltage Referenced to Vsg

Symbol Characteristic Value Unit
Vpp Supply Voltage -0.3to+7.0 A
Vin Input Voltage Vgg-03to \

Vpp +0.3
Id Current Drain per Pin Excluding Vpp 25 mA
and Vsg

Ta Operating Temperature Range 0to 85 °C

Tstg Storage Temperature Range —65to + 150 °C

NOTE: Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics
tables or Pin Description section.

AC ELECTRICAL CHARACTERISTICS (Vpp/Vpp(A) = 5.0 V, VSs/Vsg(a) = 0V, TA = 25C,
Voltage Referenced to Vgg)

This device contains protection circuitry
to guard against damage due to high static
voltages or electric fields. However, pre-
cautions must be taken to avoid applica-
tions of any voltage higher than maximum
rated voltages to this high-impedance cir-
cuit. For proper operation, Vin and Vout
should be constrained to the range Vgg <
(Vinor Vout) € VDD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgg or Vpp). Unused outputs must be left
open.

Symbol Characteristic Min Typ Max Unit
Output Signal (R, G, B, FBKG and HTONE/PWMCK) Cioag = 30 pF
Rise Time
tr Fall Time — — 6 ns
t — — 6 ns
FHFLB | HFLB Input Frequency — — 82K Hz
90% 90%
10% 10%
i l._ _,11,
Figure 1. Switching Characteristics
MC141543 MOTOROLA
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DC CHARACTERISTICS Vpp/Vpp(a) = 5.0 V + 10%, Vss/Vss(A) = 0 V, TA = 25°C, Voltage Referenced to Vgg

Symbol Characteristic Min Typ Max Unit
VOH High Level Output Voltage Vpp-0.8 — — \
lout=—5mA
VoL Low Level Output Voltage — — Vgs +0.4 Vv
lout=5mA
Digital Input Voltage (Not Including SDA and SCL)
ViL Logic Low —_ - 0.3Vpp \
VIH Logic High 0.7 Vpp - - \
Input Voltage of Pin SDA and SCL in SPI Mode
ViL Logic Low — — 03Vpp \
VIH Logic High 0.7Vpp _— — v
Input Voltage of Pin SDA and SCL in M_BUS Mode
ViL Logic Low - — 0.3Vpp Vv
VIH Logic High 0.7 Vpp —_ —_ \
I High—Z Leakage Current (R, G, B and FBKG) -10 —_ +10 HA
In Input Current (Not Including RP, VCO, R, G, B, FBKG and
HTONE/PWMCK) -10 —_ +10 pA
IpD Supply Current (No Load on Any Output) — — +15 mA
PIN DESCRIPTION SDA (MOSI) (Pin 7)
Data and control message are being transmitted to this
VSS(A) (Pin 1) chip from a host MCU, via one of the two serial bus systems.

This pin provides the signal ground to the PLL circuitry.
Analog ground for PLL is separated from digital ground for
optimal performance.

VCO (Pin 2)

A dc control voltage input to regulate an internal oscillator
frequency. See the Application Diagram for the application
values used.

RP (Pin 3)

An external RC network is used to bias an internal VCO to
resonate at the specific dot frequency. The maximum voltage
at Pin 3 should not exceed 3.5 V at any condition. See the
Application Diagram for the application values used.

VpD(A) (Pin 4)
A positive 5 V dc supply for PLL circuitry. Analog power for
PLL is separated from digital power for optimal performance.

HFLB (Pin 5)

This pin inputs a negative polarity horizontal synchronize
signal pulse to phase lock into an internal system clock gen-
erated by the on—chip VCO circuit.

SS (Pin 6)

This input pin is part of the SPI system. An active low sig-
nal generated by the master device enables this slave device
to accept data. Pull high to terminate the SPI communication.
If M_BUS is employed as the serial interface, this pin should
be tied to either Vpp or Vss.

With either protocol, this wire is configurated as a uni—direc-
tional data line. (Detailed description of these two protocols
will be discussed in the M_BUS and SPI sections).

SCL (SCK) (Pin 8)

A separate synchronizing clock input from the transmitter
is required for either protocol. Data is read at the rising edge
of each clock signal.

Vpp (Pin 9)
This is the power pin for the digital logic of the chip.

VFLB (Pin 10)

Similar to Pin 5, this pin inputs a negative polarity of verti-
cal synchronize signal to synchronize the vertical control cir-
cuit.

HTONE/PWMCK (Pin 11)

This is a multiplexed pin. When the PWMCK_EN bit is
cleared after power on or by the MCU, this pin is HTONE and
outputs a logic high during windowing except when graphics
or characters are being displayed. It is used to lower the ex-
ternal R, G, B amplifiers gain to achieve a transparent win-
dowing effect. If the PWMCK_EN bit is set to 1 via M_BUS or
SPI, this pin is changed to a mode—dependent clock output
with 50/50 duty cycle and synchronous with the input hori-
zontal synchronization signal at Pin 5. The frequency is de-
pendent on the mode in which the AMOSD is currently
running. The exact frequencies in the different resolution
modes are described below.

MOTOROLA
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Table 1. PWM CLK Frequency

Resolution Frequency Duty Cycle
320 dots/line 32 x H¢ 50/50
480 dots/line 48 x H¢ 50/50
640 dots/line 64 x Hf 50/50

NOTE: Ht i the frequency of the input H sync. on Pin 5.

Typically, this clock is fed into an external pulse width mod-
ulation module as its clock source. Because of the synchro-
nization between PWM clock and H sync, a better
performance on the PWM controlled functions can be
achieved.

FBKG (Pin 12)

This pin will output a logic high while displaying characters
or windows when FBKGC bit in frame control register is 0,
and output a logic high only while displaying characters when
FBKGC bit is 1. It is defaulted to high impedance state after
power on, or when there is no output. An external 10 kQ re-
sistor pulled low is recommended to avoid level toggling
caused by hand effect when there is no output.

B,G,R (Pin 13,14,15)

AMOSD color output in TTL level to the host monitor.
These three signals are active high output pins which are in
high impedance state when AMOSD is disabled.

Vss (Pin 16)
This is the ground pin for the digital logic of the chip.

SYSTEM DESCRIPTION

MC141543 is a full screen memory architecture. Refresh is
done by the built—in circuitry after a screenful of display data
has been loaded in through the serial bus. Only changes to
the display data need to be input afterward.

Serial data, which includes screen mapping address, dis-
play information, and control messages, are being trans-
mitted via one of the two serial buses: M_BUS or SPI (mask
option). These two sets of buses are multiplexed onto a
single set of wires. Standard parts offer M_BUS transmis-
sion.

Data is first received and saved in the MEMORY MAN-
AGEMENT CIRCUIT in the Block Diagram. Meanwhile, the
AMOSD is continuously retrieving the data and putting it into
a ROW BUFFER for display and refreshing, row after row.
During this storing and retrieving cycle, a BUS ARBITRA-
TION LOGIC will patrol the internal traffic, to make sure that
no crashes occur between the slower serial bus receiver and
fast ‘screen-refresh’ circuitry. After the full screen display
data is received through one of the serial communication in-
terface, the link can be terminated if change on display is not
required.

The bottom half of the Block Diagram constitutes the heart
of this entire system. it performs all the AMOSD functions
such as programmable vertical length (from 16 lines to 63
lines), display clock generation (which is phase locked to the
incoming horizontal sync signal at Pin 5 HFLB), bordering or
shadowing, and multiple windowing.

COMMUNICATION PROTOCOLS

M_BUS Serial Communication

This is a two—wire serial communication link that is fully
compatible with the 1IC bus system. It consists of SDA bidi-
rectional data line and SCL clock input line. Data is sent from
a transmitter (master), to a receiver (slave) via the SDA line,
and is synchronized with a transmitter clock on the SCL line
at the receiving end. The maximum data rate is limited to
100 kbps.The default chip address is $7A.

Operating Procedure

Figure 2 shows the M_BUS transmission format. The mas-
ter initiates a transmission routine by generating a START
condition, followed by a slave address byte. Once the ad-
dress is properly identified, the slave will respond with an
ACKNOWLEDGE signal by pulling the SDA line LOW during
the ninth SCL clock. Each data byte which then follows must
be eight bits long, plus the ACKNOWLEDGE bit, to make up
nine bits together. Appropriate row and column address in-
formation and display data can be downloaded sequentially
in one of the three transmission formats described in DATA
TRANSMISSION FORMATS SECTION. In the cases of no
ACKNOWLEDGE or completion of data transfer, the master
will generate a STOP condition to terminate the transmission
routine. Note that the OSD_EN bit must be set after all the
display information has been sent in order to activate the
AMOSD circuitry of MC141543, so that the received informa-
tion can then be displayed.

CHIP ADDRESS DATABYTES

mYSatseeSaiiale
scL

VAR AVAVAVAVAW

1 12—789

START CONDITION STOP CONDITION

Figure 2. M_BUS Format

Serial Peripheral Interface (SPI)

Similar to M_BUS communication, SPI requires separate
clock (SCK) and data (MOSI) lines. In addition, a SS SLAVE
SELECT pin is controlled by the master transmitter to initiate
the receiver.

Operating Procedure

To initiate SPI transmission, pull SS pin low by the master
device to enable MC141543 to accept data. The SS input
line must be a logic low prior to occurrence of SCK and re-
main low until and after the last (eighth) SCK cycle. After all
data has been sent, the SS pin is then pulled high by master
to terminate the transmission. No slave address is needed
for SPI. Hence, row and column address information and dis-
play data (the data transmission formats are the same as in
M_BUS mode described in the previous section) can be sent
immediately after the SP!I is initiated.

MC141543
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Figure 3. SPI Protocol

DATA TRANSMISSION FORMATS

After the proper identification by the receiving device, data
train of arbitrary length is transmitted from the master. There
are three transmission formats from (a) to (c) as stated be-
low. The data train in each sequence consists of row address
(R), column address (C), and display information (l), as
shown in Figure 4. In format (a), display information data
must be preceded with the corresponding row address and
column address. This format is particularly suitable for updat-
ing small amounts of data between different rows. However,
if the current information byte has the same row address as
the one before, format (b) is recommended. For a full screen
pattern change which requires a massive information up-
date, or during power up situation, most of the row and col-
umn addresses on either (a) or (b) format will appear to be
redundant. A more efficient data transmission format (c)
should be applied. This sends the RAM starting row and col-
umn addresses once only, and then treats all subsequent
data as display information. The row and column addresses
will be automatically incremented internally for each display
information data from the starting location.

The data transmission formats are:

(@R->C->1—>R->C->l->.........

b)R->C=>1->C->1->C->1......

(©)R=>C—->Il->l=>l->.............

To differentiate the row and column addresses when trans-
ferring data from master, the MSB (Most Significant Bit) is set
as in Figure 5: ‘1’ to represent row, while ‘0’ for column ad-
dress. Furthermore, to distinguish the column address be-
tween format (a), (b) and (c), the sixth bit of the column
address is set to ‘1" which represents format (c), and a ‘0’ for
format (a) or (b). There is some limitation on using mix—for-
mats during a single transmission. It is permissible to change
the format from (a) to (b), or from (a) to (c), or from (b) to (a),
but not from (c) back to (a) or (b).

l info ]

Figure 4. Data Packet

| row addr | col addr

ADDRESS BIT FORMAT
7]16)]5]4]312]1]0
ROW 1| X|X|X|D|DfDJ DJab,c
COLUMN|O O | X|D|D|D|D| D] ab
COLUMN|oj1]x|D|DIDID]D c
X: don't care D: valid data

Figure 5. Row & Column Address Bit Patterns

MEMORY MANAGEMENT

Internal RAM is addressed with row and column (coln)
number in sequence. The spaces between row 0 and coln 0
to row 14 and coln 29 are called display registers, and each
contains a character ROM address corresponding to display
location on monitor screen. Every data row is associated with
two control registers, which locate at coln 30 and 31 of their
respective rows, to control the characters display format of
that row. In addition, three window control registers for each
of three windows together with three frame control registers
occupy the first 13 columns of row 15 space.

The user should handle the internal RAM address location
with care, especially for those rows with double length alpha-
numeric symbols. For example, if row n is destined to be
double height on the memory map, the data displayed on
screen row n and n+1 will be represented by the data con-
tained in the memory address of row n only. The data of next
row n+1 on the memory map will appear on the screen of n+2
and n+3 row space and so on. Hence, it is not necessary to
throw in a row of blank data to compensate for the double
row action. The user needs to take care of excessive rows of
data in memory in order to avoid overrunning the limited
number of row space on the screen.

There is difference for rows with double width alphanumer-
ic symbols. Only the data contained in the even numbered
columns of the memory map will be shown; the odd num-
bered columns will be ignored and not disclosed.

0 0 COLUMN 27 28 29 30 31
n
o
w
=
@D
[0}
&
= DISPLAY REGISTERS 3
3 <
= =
Q
o
=
(o]
©
14

9 23 56 50 i
15 | winoow 1] winoow 2| winbow 3| FRavE CRTL REG

WINDOW AND FRAME CONTROL REGISTERS

Figure 6. Memory Map

REGISTERS

Display Register

7 6 5 4 3 2 1 0

loeo] [ [ | I [ [ |

-~ CRADDR —_—

Bit 7 CCSO0 — This bit defines a specific character color out
of the two preset colors. Color 1 is selected if this bit is
cleared, and color 2 otherwise.

Bit 6-0 CRADDR — These seven bits address the 128
characters or symbols residing in the character ROM.

MOTOROLA
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Row Control Registers

Coln 30
7 6 5 4 3 2 1 0

COLN30| Ri |G1 I B1 |R2 | G2 | B2 ICHSl CWSl

Bit 7-2 Color 1 is determined by R1, G1, B1 and color 2 by
R2, G2, B2.

Bit 1 CHS — It determines the height of a display symbol.
When this bit is set, the symbol is displayed in double height.

Bit 0 CWS — Similar to bit 1, character is displayed in
double width, if this bit is set.

Coin 31

7 6 3 1
cowsi | s [ a3 |ms [me [aa]Be [ | |

Bit 7-2 Color 3 and 4 are defined by R3, G3, B3, and R4,
G4, B4 respectively.

Window 1 Registers

Row 15 Coin 0
7 6 5 4 3 2 1 0
ROW 15 ROW START ADDR ROW END ADDR
COLNO |MSB LSB| MSB LSB
Row 15 Coln 1
7 6 5 4 3 2 1 0
COL START ADDR
RowIs [ MSB LsB I WEN I cest I I

Bit 2 WEN - It enables the background window 1 genera-
tion if this bit is set.

Bit 1 CCS1 - This additional color select bit provides the
characters residing within window 1 with two extra color
selections, making a total of four selections for that row.

Row 15 Coln 2

7 6 5§ 4 3 2 1 0

Ao [0 E0A0R T [ 6 |8

Bit 2-0 R, G and B - Controls the color of window 1. Win-
dow 1 occupies Column 0-2 of Row 15. Window 2 from Col-
umn 3-5, and Window 3 from 6-8. Window 1 has the highest
priority, and Window 3 the least. If window overlapping oc-
curs, the higher priority window will cover the lower one, and
the higher priority color will take over on the overlap window
area. If the start address is greater than the end address, this
window will not be displayed.

Window 2 Registers

Row 15 Coln 3
7 6 5 4 3 2 1 0
ROW 15 ROW START ADDR ROW END ADDR
COLN3 |MSB LSB| MSB LSB
Row 15 Coln 4
7 6 5 4 3 2 1 0
COL START ADDR
s [use usa wen Jooo1 | |

Bit 2 WEN - It enables the background window 2 genera-
tions if this bit is set.

Bit 1 CCS1 — This additional color select bit provides the
characters residing within window 2 with two extra color
selections, making a total of four selections for that row.

Row 15 Coln 5
7 6 5 4 3 2 10
ROW 15 ! g 001 END ADDR LSB| A | G | B |

Bit 2-0 R, G and B — Controls the color of window 2. Win-
dow 1 occupies Column 0-2 of Row 15. Window 2 from Col-
umn 3-5, and Window 3 from 6-8. Window 1 has the highest
priority, and Window 3 the least. If window overlapping oc-
curs, the higher priority window will cover the lower one, and
the higher priority color will take over on the overlap window
area. If the start address is greater than the end address, this
window will not be displayed.

Window 3 Registers

Row 15 Coln 6

7 6 5 4 3 2 1 0
ROW 15 ROW START ADDR ROW END ADDR
COLN6 |MsSB LSB| MSB LSB

Row 15 Coln 7
7 6 5 4 3 2 1 0

o5 COL START ADDR LSB| WEN |ccs1 |PWMCK_EN |

ROW 15
COLN7

Bit 2 WEN — It enables the background window 3 genera-
tions if this bit is set.

Bit 1 CCS1 — This additional color select bit provides the
characters residing within window 3 with two extra color
selections, making a total of four selections for that row.

Bit 0 PWMCK_EN — When this bit is set to 1, HTONE/
PWMCK pin will be switched to a clock output which is syn-
chronous to the H sync and used as an external PWM (pulse
width modulation) clock source. Refer to the pin description
of HTONE/PWMCK for more information. After power on, the
default value is 0.

MC141543
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Row 15 Coln 8

7 6 5 4 3 2 1 0
ROW 15 COL END ADDR T | | |
MSB :1 A I

COLNB

Bit 2-0 R, G and B — Controls the color of window 3. Win-
dow 1 occupies Column 0-2 of Row 15. Window 2 from Col-
umn 3-5, and Window 3 from 6-8. Window 1 has the highest
priority, and Window 3 the least. If window overlapping oc-
curs, the higher priority window will cover the lower one, and
the higher priority color will take over on the overlap window
area. If the start address is greater than the end address, this
window will not be displayed.

Frame Control Registers

Frame Control Register Row 15 Coln 9

7 6 5 4 3 2 1 0

COLN9 VERTD
MSB LSB

Bit 7-0 VERTD - These eight bits define the vertical start-
ing position. Total 256 steps, with an increment of four hori-
zontal lines per step for each field. Its value cannot be zero
anytime. The default value is 4.

Frame Control Register Row 15 Coln 10

5 4 3 2
COLN 10r ] MSB HORD LSB

Bit 6-0 HORD - Horizontal starting position for character
display. Seven bits give a total of 128 steps and each incre-
ment represents five dots movement shift to the right on the
monitor screen. Its value cannot be zero anytime. The de-
fault value is 15.

Frame Control Register Coln 11

7 6 5 4 3 2 1 0
comn[ | |cu5 CH4 CH3 CH2 CHI CHoO

Bit 5-0 CH5—-CHO — These six bits will determine the dis-
played character height. [t is possible to have a proper char-
acter height by setting a value greater than or equal to 16 on
different horizontal frequency monitor. Setting a value below
16 will not have a predictable result. Figure 7 illustrates how
this chip expands the built-in character font to the desired
height.

Frame Control Register Coln 12

3 10
COLN 12 fosD_EN Jasen fsHapow [xesfxazs | [rekac]

Bit 7 OSD_EN — OSD circuit is activated when this bit is
set.

Bit 6 BSEN — It enables the character bordering or shad-
owing function when this bit is set.

Bit 5 SHADOW — Character with black—edge shadowing is
selected if this bit is set; otherwise bordering prevails.

Bit 4, 3 X64, X32B - It determines the number of dots per
horizontal line. There are 320 dots per horizontal line if bit
X32B is clear and this is also the default power on state.
Otherwise, 480 dots per horizontal sync line is chosen when
bit X64 is clear and 640 dots per horizontal sync line when bit
X64 is set to 1. Refer to Table 2 for details.

Bit 0 FBKGC - It determines the configuration of FBKG
output pin. When it is clear, the FBKG pin outputs high while
displaying characters or windows; otherwise, the FBKG pin
outputs high only while displaying characters.

Table 2. Resolution Setting

(X84, X32B) (0,0) | (1,0) [ (0,1) | (1,1)
Dots / Line 320 320 480 640
Resolution CGA CGA EGA VGA

] 16 lines H 22fines

PGy

T

1Buil:;sin fo'ng Di?]pla\& tlz_?aégcter
when CH=,
(e e
- 25 lines - 34 lines
T T Tt T
Display character Display character
wﬁer:/ CH=25 whenyCH=34

Figure 7. Variable Character Height

A program called AMOSD FONT EDITOR in IBM PC envi-
ronment was written for MC 141543 editing purposes. It gen-
erates a set of S-Record or Binary record for the desired
display patterns to be masked onto the character ROM of the
MC141543.

In order to have better character display within windows,
we suggest you to place your designed character font in the
center of the 10 x 16 matrix and make the spaces equally io-
cated in the four sides of the matrix. The character $00 is
predefined for blank characters, the character $7F is prede-
fined for fullfilled characters, and the character $7E is a ran-
dom dots pattern reserved for testing.

In order to avoid submersion of displayed symbols or char-
acters into a background of comparable colors, a feature of

MOTOROLA

MC141543
2-85




bordering which encircles all four sides, or shadowing which
encircles only the right and bottom sides of an individual dis-
play character is provided. Figure 8 shows how a character is
jacketed differently. To make sure that a character is bor-
dered or shadowed correctly, at least one dot blank should
be reserved on each side of the character font.

~o Ui

P

Bordering

Shadowing

Figure 8. Character Bordering and Shadowing

Frame Format and Timing

Figure 10 illustrates the positions of all display characters
on the screen relative to the leading edge of horizontal and
vertical flyback signals. The shaded area indicates the area
not interfered by the display characters. Notice that there are
two components in the equations stated in Figure 10 for hori-
zontal and vertical delays: fixed delays from the leading edge
of HFLB and VFLB signals, regardless of the values of
HORD and VERTD: (47 dots + phase detection pulse width)
and one H scan line for horizontal and vertical delays, re-
spectively; variable delays determined by the values of
HORD and VERTD. Refer to Frame Control Registers COLN
9 and 10 for the definitions of VERTD and HORD. Phase
detection pulse width is a function of the external charge—-up
resistor, which is the 470 kQ resistor in a series with
5.6 kQ to VCO pin in the Application Diagram. Dot frequency
is determined by the equation: H Freq. x 320 if the bit X32B is
clear and H Freq. x 480 if bit X32B is set to 1 and bit X64 is 0
and H Freq. x 640 if both bit X32B and bit X64 are set to 1.
For example, dot frequency is 10.24 MHz if H freq is 32 KHz
while bit X32B is 0. If X32B is 1 and bit X64 is O, the dot fre-
quency will be 15.36 MHz (one and a half of the original one).
If X32B is 1 and bit X64 is also 1, the dot frequency will be
20.48 MHz (double of the original one).

When double character width is selected for a row, only the
even-numbered characters will be displayed, as shown in
row 2. Notice that the total number of horizontal scan lines in
the display frame is variable, depending on the chosen char-
acter height of each row. Care should be taken while config-
uring each row character height so that the last horizontal
scan line in the display frame always comes out before the
leading edge of VFLB of next frame to avoid wrapping dis-
play characters of the last few rows in the current frame into
the next frame. The number of display dots in a horizontal
scan line is always fixed at 300, regardless of row character
width and the setting of bit X32B and X64.

Although there are 30 character display registers that can
be programmed for each row, not every programmed charac-
ter can be shown on the screen in 320 dots resolution. Usual-
ly, only 24 characters can be shown in this resolution at most.

This is induced by the retrace time that is required to retrace
the H scan line. In other resolution, 480 dots and 640 dots,
30 characters can be displayed on the screen totally if the
horizontal delay register is set properly.

Figure 9 illustrates the timing of all output signals as a
function of window and fast blanking features. Line 3 of all
three characters is used to illustrate the timing signals. The
shaded area depicts the window area. Both the left hand side
and right hand side characters are embodied in a window
with only one difference: FBKGC bit. The middle character
does not have a window as its background. Notice that signal
HTONE/PWMCK is active only during window area. Timing
of signal FBKG depends on the configuration of FBKGC bit.
The configuration of FBKGC bits affects only FBKG signal
timing; it has no effect on the timing of HTONE/PWMCK. Wa-
veform ‘R, G or B’, which is the actual waveform at R, G, or B
pin, is the logical OR of waveform ‘character R, G or B’ and
waveform ‘window R, G or B'. ‘Character R, G, or B’ and ‘win-
dow R, G, or B’ are internal signals for illustration purpose
only. Also notice that HTONE/PWMCK has exactly the same
waveform as ‘window R, G or B'.

=1

FBKGC bit

Timing of Output Signals as a Function of Window and FBKGC bit Features

character outside a window  character inside a window

=0

FBKGC bit

character inside a window

FBKG
line3

HTONE/ PWMCK

RGOB ——— |
window R,GorB LI 1 1
It
S | {

character R, G or B

Figure 9. Timing of Output Signals
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vertical delay = FONT
VERTD x 4 + 1 H scan lines

T Icon Combination
‘—'VFLB variable number of H scan lines MC141543 contains 128 character ROM. The user can
:| create an on—screen menu based on those characters and
3 icons. Refer to Table 3 for icon combinations. Address $00
and $7F are predefined characters and $7E is for testing.
They cannot be modified in any AMOSDs.
@
o
_ B Table 3. Combination Map
£
g
] ICON ROM ADDRESS(HEX)
>
0
85 Volume Bar | 01, 02, 03, 04, 05, 06, 4A
T 8
ES Volume Bar Il 48,49, 57
R
s Volume Bar Ill 47
s B "
Size 4F, 50
Position 51,52
Geometry 53, 54, 55, 56
g ‘g Contrast 58,59
£ E Brightness 5A, 5B
= £
§ ks Horizontal Position 5C, 5D
- >
5 Horizontal Sizing 5E, 5F
2
Vertical Position 60, 61
Vertical Sizing 62, 63
Pin Cushion 64, 65
Deguassing 66, 67
Video Mode 68, 69
Trapezoid 6A, 6B
_ Parallelogram 6C, 6D
Rotation 6E, 6F
g ‘———I Color Select 70,71
Video Level 72,73
g Input Select 74,75
Recall 76,77
Save 78,79
Left/Right Arrows 7A, 7B
INC/DEC sign 7C, 7D
Speaker 07, 08
ROM CONTENT

Figures 11 — 14 show the ROM content of MC141543.

Figure 10. Display Frame Format Mask ROM is optional for custom parts.

MOTOROLA MC141543
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Figure 12. ROM Address ($20 - $3F)

Figure 11. ROM Address ($00 — $1F)
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Figure 14. ROM Address ($60 — $7F)

Figure 13. ROM Address ($40 — $5F)
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DESIGN CONSIDERATIONS

Distortion

Motorola’s MC141543P has a built-in PLL for multisys-
tems application. Pin 2 voltage is a dc basing for the internal
VCO in the PLL. When the input frequency (HFLB) in Pin 5
becomes higher, the VCO voltage will increase accordingly.
The built—in PLL then has a higher locked frequency output.
The frequency should be equal to 320/480/640 x HFLB (de-
pends on resolution). It is the dot—clock in each horizontal
line.

Display distortion is caused by noise in Pin 2. Positive
noise makes VCO run faster than normal. The corresponding
scan line will be shorter accordingly. In contrast, negative
noise causes the scan line to be longer. The net result will be
distortion on the display, especially on the right hand side
with window turn on.

In order to have distortion—free display, the following rec-
ommendations should be considered.
® Only analog part grounds (Pin 2 to Pin 4) can be con-

nected to Pin 1(Vgs(A)). VSs and other grounds should
connect to PCB common ground. Then the VSg(A) and
Vss grounds should be totally separated (i.e. Vsg(A) is

floating). Refer to the Application Diagram for the ground
connections.

DC supply path for Pin 9 (Vpp) should be separated from
other switching devices.

LC filter should be connected between Pin 9 and Pin 4.
Refer to the values used in the Application Diagram.
Biasing and filter networks should be connected to Pin 2
and Pin 3. Refer to the recommended networks in the Ap-
plication Diagram.

Two small capacitors can be connected between Pin 2 —
Pin 3 and Pin 3 - Pin 4.

Jittering

Most display jittering is caused by HFLB jittering in Pin 5.
Care must be taken if the HFLB signal comes from the fly-
back transformer. A short path and shielded cable are rec-
ommended for a clean signal. A small capacitor can be
added between Pin 5 — Pin 1 to smooth the signal. Refer to
the value used in the Application Diagram.

Display Dancing

Most display dancing is caused by interference of the seri-
al bus. It can be avoided by adding resistors in the bus in se-
ries.

APPLICATION DIAGRAM

Vee
100 puH
AR )
_______________________ _=
VoD |—g—¢

ot veo I

Vss 16 [P T WF R |

|

|

R |

]

e |

. |

| |

' |

| FBKG I
|

1IC(SPI) BUS 100 7 11 |

; spAmos)  HTONE —@ HTONE I

| 100 L <7 ANALOG GROUND |

I —MWA—Y scuscy BRSO T — |

i FIB = DIGITAL GROUND I

| = I

| I

|l DIGITAL GROUND - COMMON GROUND |
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information

Enhanced Comb Filter

CMOS

The enhanced comb filter is a video signal processor for television and video
recorder applications. The device separates the Luminance Y and Chromi-
nance C from the NTSC composite video signal by using digital signal
processing techniques. This filter allows an extended frequency bandwidth of
the luminance signal while minimizing the common comb-filter problems such
as dot—crawl and cross—color. This chip easily connects to analog TV and VCR

chips due to the on-board A/D and D/A converters.
Fast 8-Bit A/D Converter

Two Line-Delay Memories

Enhanced Combing Process

Two 8-Bit D/A Converters

Utilizes NTSC 4xfsc (sub—carrier frequency) Clock

MC141620

FU SUFFIX
QFP
CASE 898-01

ORDERING INFORMATION
MC141621AFU
Quad Flat Package (QFP)

PIN ASSIGNMENT

?
(e} 36 ANC
35 3 Vees
34 NC
33NC
2NC
31 3 GND2
30 O NC
29 NC
28NC
10 27aNC
1 26 [AVec2
12 25[NC

©ONDU S WN =

O r-X—rLeN O

X Wi g ] I

2 FFo22u>u =%
OO0z 2

NC = NO CONNECTION

BLOCK DIAGRAM

Vin (NTSC VIDEO)

FULL SCALE REFERENCE

ENHANCED
COMB FILTER
PROCESS

Cout (CHROMINANCE)

ZERO REFERENCE

Yout (LUMINANCE)

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS*

Symbol Characteristic Value Unit
Vee DC Supply Voltage (Referenced to GND) -05t0+7.0 A
Vin DC Input Voltage (Referenced to GND) -15toVcc+1.5 \
Vout DC Output Voltage (Referenced to GND) -05toVec+0.5 Vv
lin DC Input Current (per pin) +20 mA
lout DC Output Current (per pin) +25 mA
Icc DC Supply Current (Vg and GND pins) +100 mA
Pp Power Dissipation 750 mwW
Tstg Storage Temperature —65to + 150 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics

tables or Pin Descriptions section.

This device contains protection circuitry
to guard against damage due to high static
voltages or electric fields. However, pre-
cautions must be taken to avoid applica-
tions of any voltage higher than maximum
rated voltages to this high—impedance cir-
cuit. For proper operation, Vin and Vout
should be constrained to the range GND <
(Vin or Vout) < Vce.

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
GND or V). Unused outputs must be left
open.

GENERAL ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, Tp = 25°C Unless Otherwise Noted)

Symbol Characteristic Min Max Unit
Vee Supply Voltage (Voc1, Vece, Voca) 45 5.5 \
lcc Operating Supply Current — 75 mA
Pp Operating Power Dissipation — 420 mwW
TA Ambient Operating Temperature -20 80 °C
tq Total Signal Delay — 64.95* us
*Nominal value. System clock for 930.5 cycles.
ADC ELECTRICAL CHARACTERISTICS (Voo =5.0 V, Ta = 25°C)
Characteristic Min Typ* Max Unit
Resolution 8 — - Bits
Integral Nonlinearity — — +15 LSB
Differential Nonlinearity —_ — +1.0 LsSB
Analog Input Level — — 3.0 Vp-p
Full-Scale Reference Level REF-Z Vccz2-0.4 Vcez2-03 \
Zero Reference Level 14 1.6 REF-F v
Reference Resistor Value (between REF-F and REF-2Z) — 380 600 Q
Bias Current (Resistor = 10 kQ) — 120 —_ pA
Input Capacitance (Design Ref. Value) — 35 — pF
*Data labeled “typ” is not guaranteed.
MC141620 MOTOROLA
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CLOCK INPUT ELECTRICAL CHARACTERISTICS (VG = 5.0V, T = 25°C)

Characteristic Min Max Unit
Clock Frequency (Note 1) 12 15 MHz
Clock Jitter —_ 2.0 ns
Input Level (Figure 8) 0.20 5.0 Vp-p

Note 1 — This signal is usually 14.31818 MHz

FILTERING CHARACTERISTICS (Vcc =5.0V, T = 25°C)

Characteristic Min Max Unit

Y/C Separation (clock jitter < 2.0 ns) — 40 dB

*Typical value. Not guaranteed.

DAC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, TA = 25°C)

Characteristic Min Max Unit
Resolution 8 —_ Bits
Output Bandwidth (at-3.0 dB) 5.5 — MHz
Integral Nonlinearity —_ +1.0 LSB
Differential Nonlinearity —_— +0.3 LSB
Differential Gain — 5.0 %
Differential Phase _ 5.0 Deg
Analog Output Voltage, Yout 11 1.3 V p-p
Analog Output Voltage, Coyt 11 1.3 Vp-p
Full Scale Voltage, Yout 1.3 1.7 \
Full Scale Voltage, Cout 1.3 1.7 Vv
Zero Scale Voltage, Yout 0.1 0.5 Vv
Zero Scale Voltage, Coyt 0.1 0.5 \
Bias Current [DAC only] — Resistor = 10 kQ 120" —_ A
Output Impedance — 300 Q
*Typical value. Not guaranteed.
DIGITAL ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, TA = 25°C)
Symbol Characteristic Min Max Unit
VIH High Level Input Voltage (K1 — K4, FIX) 3.15 —_ \
ViL Low Level Input Voltage (K1 — K4, FIX) — 11 v
IIH High Level Input Current (K1 — K4, FIX) — 0.1 A
i Low Level Input Current (K1 — K4, FIX) — 0.1 HA
MOTOROLA MC141620

2-93



PIN DESCRIPTIONS

Vee1 (Pin 3)

+ 5.0 V £ 10% dc power supply for the digital circuits.
Vee2 (Pin 26)

+ 5.0 V£ 10% dc power supply for the ADC.
Vces (Pin 35)

+ 5.0 V £ 10% dc power supply for the DAC.
GND1 (Pins 6, 18, 19, 43)

Ground for the digital circuits. For optimum performance,
all pins must be tied to ground.
GND2 (Pin 31)

Ground for the ADC.

GND3 (Pin 1)
Ground for the DAC.

CLK (Pin 17)

4xfsc (sub—carrier frequency) 14.31818 MHz input. This
signal is usually ac-coupled through an external capaci-
tance. See User Information. The clock signal must synchro-
nize with the NTSC video signal.

Vin (Pin 21)

Composite video signal input. The composite video signal,
clamped externally, should be supplied with dc coupling. The
video input level should be nominally 3.0 V p—p. Input signal
bandwidth should be limited to less than 1/2 of the frequency
of the sampling clock by anti—aliasing filtering, etc.

REF-F (Pin 20)

ADC reference for the full-scale voltage.
REF-Z (Pin 22)

ADC reference for the zero input voltage.
DAREF (Pin 44)

Reference for the luminance and chrominance DACs. In-
sert a capacitor of 0.1 pF between DAREF and GND3.

IBIAS1 (Pin 23)
ADC bias circuit current control. Insert a resistor of 10 kQ
between IgjAs1 and GND2.

IBIAS2 (Pin 39)
DAC bias circuit current control. Insert a resistor of 10 kQ
between Igjas2 and GND3.

Yout (Pin 42)

Luminance output. This output signal is fed into the gener-
al analog VCR/TV system. Typical output voltage is 1.2 V
p—p swinging from 0.3 Vto 1.5 V.

Cout (Pin 45)

Chrominance output. This output signal is fed into the gen-
eral analog VCR/TV system. Typical output voltage is 1.2 V
p—p swinging from 0.3 Vto 1.5 V.

TEO (Pin 15)

Test enable pin. If this pin is a high level, the test mode is
enabled. This pin must be grounded by the user.
TE1 (Pin 16)

Test select pin. This pin must be grounded by the user.
FIX (Pin 4)

Filter mode select pin. It must be a high level for the normal

mode. Comb filter/bandpass filter fixed mode can be se-
lected by the K1 pin. Each mode is shown below.

FIX K1 MODE
H18 H Normal mode
H L Normal mode
H Bandpass filter fixed mode
L L Comb filter fixed mode

K1, K2, K3, and K4 (Pins 10, 12, 14, 7)

K factor inputs. These pins are provided to set up the K
value for the select control circuit, and to set up the threshold
level of comb filter and bandpass filter. Each input (K1 — K4)
are assigned to b1 — b4 of the K factor. Input must be at
CMOS levels. The assignment of K pins are shown below.
Also, when the FIX pin is at a low level, the K1 pin becomes
a filter mode select pin. If the K1 pin is low, the comb filter is
enabled; otherwise, the bandpass filter is enabled.

b0 b1 b2 b3 b4 b5 b6 b7
L K1 K2 K3 K4 H H L

MC141620
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OVERVIEW

The enhanced comb filter is a high performance HCMOS
digital filter combined with A/D and D/A converters. The ba-
sic functions of this chip are the separation of the luminance
Y and chrominance C signals from the NTSC video signal
which is composed of luminance and chrominance compo-
nents interleaved with each other in the same frequency
band.

The visual performance advantages of the enhanced
comb filter are that the chip eliminates the sub—carrier dot—
crawl from the luminance channel in large color areas and
eliminates the cross color from the chrominance in high fre-
quency luminance areas. Also, the horizontal resolution of
the picture is allowed from zero to an arbitrary high by this
chip. The Y/C separation is performed by a combination of a
digital 2H comb filter and a digital bandpass filter.

To perform the enhanced combing process, two horizontal
scan line delay memories for a 2H comb filter, several pairs
of latches for a bandpass filter, and selective control circuitry
are provided. The 2H comb filter separates the chrominance
components from the composite video signal by integration
of 3 successive lines. However, when the comb filter is per-
forming the line integration, the horizontal color smears on
the boundary. This chip solves the color smear and dot—
crawl problems while keeping the advantages of 2H comb fil-
ter by selecting one filter process from the bandpass filter or
the 2H comb filter at a particular picture transition.

Enhanced Comb Filter Description

The first page of the datasheet shows the block diagram of
the enhanced comb filter chip. There are three major func-
tions on this block diagram.

The first is the analog—to—digital conversion block. One
8-bit binary A/D converter is provided for digitizing the in-
coming analog video signal to 8-bit binary data. The conver-
sion frequency is 14.3 MHz which is four times the color
sub—carrier frequency. The analog video input is nominally
3.0V p—p.

The second is the digital filters and selective control block.
There are two digital filters on this block which are vertical
filter (2H comb filter) and horizontal filter (bandpass filter).
The selective control determines which type of filter should
be chosen for the current process.

The third is the digital-to—analog conversion block. Two
8-bit D/A converters are provided for the luminance and
chrominance analog output. The conversion frequency is
four times the sub—carrier signal (14.3 MHz). The chromi-
nance analog output has a dc offset bias of half the maximum
output voltage.

Algorithm of Enhanced Comb Filter

Figure 1 illustrates the basic principles of the Y/C separa-
tion algorithm. The NTSC video signal has an alternate rela-
tionship in the horizontal and vertical direction on the
sampled data array. V1 through V9 in Figure 2 represent a
sampled data array of an appropriate area of the screen. The
sampling frequency is four times the sub—carrier frequency
(14.3 MHz). There are four data samples in one sub—carrier
cycle, and the sub—carrier phase is reversed every scan line.
In other words, V1 and V7 have same phase and V4 is re-
versed; V2 and V8 have same phase and V5 is reversed.
Also, the sampled data V1 through V3 are placed on scan

line N, V4 through V6 are on N-1, and so on. On the individu-
al lines, every four data samples have the same phase — for
instance, V1 and V3, V4 and V6, and so forth.

V9 V8 v7
OB Be0nOo lineN-2  2H delayed data
V6 V5 V4
® 0O 8 e line N=1  1H delayed data
V3 V2 V1

o B e 0O line N

current line

V5: data being processed
V1: newest sampled data

Figure 1.

Vertical Filtering

The typical vertical filter is a comb filter which may use 1H
or 2H scan line delay. The comb filter integrates successive
scan line data to separate Y and C. The formula is:

Chrominance = (V5 — (V2 + V8) / 2) / 2 x HBpF

Luminance = V5 — Chrominance

Where HBpF is the BPF transfer function.

The combing process allows the luminance signal separa-
tion for the extension of the frequency bandwidth. However,
the integration of the successive lines causes a loss of verti-
cal resolution. The combing process causes color smears on
the line, if there is color transition between the lines. It can be
observed as color smear on the color boundary or horizontal
running dot—crawl.

Horizontal Filtering

The conventional filtering, such as a bandpass filter, has
typical dot—crawl and cross—color problems. Even the digital
horizontal filtering has similar problems. However, the
MC141620’s digital horizontal filtering yields superior per-
formance over a regular bandpass filter. The formula is:

Chrominance = (V5 — (V4 + V6) / 2) / 2 x HBPF

Luminance = V5 — Chrominance

Where HBpF is the BPF transfer function.
Enhanced Comb Filtering (Combination of Vertical and
Horizontal Filtering)

This is a combination approach of the vertical filtering and
horizontal filtering so that the overall filtering can take advan-
tage of both filters. The algorithm of this filter is as follows:

1fIV8 - V2| + K < IV6 - V4i
(Vertical Transition < Horizontal Transition)
K: constant value
then Chrominance = (V5 — (V2 + V8) / 2) / 2x HBPF
— Vertical Filter
IfIV8 = V2| + K > V6 — V4I
(Vertical Transition > Horizontal Transition)
then Chrominance = (V5 — (V6 + V4) / 2) / 2x HBPF
Luminance = V5 — Chrominance — Horizontal Filter

MOTOROLA
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This algorithm determines the amount of Y/C separation
according to the result of comparison between the value
change V2 to V8 and V4 to V6. Measurement of this data
array allows minimization of the problems caused by hori-
zontal and vertical filtering, such as dot—crawl or color smear.
Also, it can give a weight to select a filter, vertical or horizon-
tal, according to the K factor set up.

OPERATIONAL DESCRIPTION

A/D Converter

The clamped external composite-video signal is con-
verted to 8-bit binary code by this fast A/D converter. The in-
put video voltage is expected to be 3.0 V p—p nominal. The
sampling clock frequency is 14.3 MHz which is four times the
color sub—carrier signal.

Comb Filter Function

The comb filter consists of a delay—-line memory, absolute
value function, latches, and 8-bit adders. The basic func-
tions of the filtering are additions and subtractions by the ad-
ders. The calculations for each sampled data are expected to
be completed within one clock cycle, about 70 ns. Each ad-
der has latches to hold the value calculated. If the speed of
the adders is not fast enough, other latches may be inserted
into the adders to save the partial value of the calculations.
These latches are counted as the digital process delay of the
filter. There are two major data passes in this filter: chromi-
nance and luminance. Both data passes are designed such
that all delays match when they output.

Vertical Filter

The basic structure of this filter is a 2H line—delay comb
filter. The simplified functional block diagram is shown in
Figure 2. Two 1H scan delay lines are provided for vertical
filtering. Video memory structure can be used for the line

8-BIT VIDEO DATA

delay component. The cycle time of this memory has to be
less than 70 ns, and total delay time is 1 scan line time for
each.

Horizontal Filter

The other basic function of this filter is called horizontal fil-
tering which has the same function as a bandpass filter. The
horizontal filter consists of a 4th order FIR filter which has a
bandpass characteristic. Figure 3 shows the simplified func-
tional block diagram of the horizontal filter.

Selective Control

The selective control checks the horizontal transition and
vertical transition of the picture in order to select a filtering
method that minimizes the dot—crawil, cross color, and color
smear. The major filtering algorithm of the chip is performed
in this block.

Horizontal transition = IV6 — V4l

Vertical transition = [V8 — V2|

The difference of the transition = IV8 — V2| - [V6 - V4| + K
If IV8 — V2| - 1V6 - V4l + K >0 then Horizontal Filter

If IV8 — V2| —IV6 - V4l + K< 0 then Vertical Filter

K factor

Selective control switches the filtering modes by the transit
difference of horizontal and vertical direction. K factor
assignment is shown below. If K1 through K4 are all low, a
weighting factor is given to the comb filter side. If all are a
high level, it gives a weighting factor of 50% comb and
bandpass side. The recommended level is b1 = L, b2 through
b4 =H.

b0 | bt | b2 | b3 | b4 | b5 | b6 | b7
L | ki k2 | k3 | ka H H L
b0, b5, b6, b7 are fixed.

CHROMINANCE

Ny

1H

1H DELAY TIME = 910/ (4fxsc)

Figure 2. Vertical Filter

8-BIT VIDEOQ DATA

= erte

Figure 3. Horizontal Filter
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Bandpass Filter (BPF)

This filter has the same functions as the horizontal filter.
The bandpass filter reduces low and high frequency compo-
nents in the chrominance signal.

Video Input Signal
The recommended video input signal for the comb filter
is shown in Figure 4. The nominal video input is 3.0 V p—p.

REF-F
=Vcc2- 04 B

REF-Z —
=16V
Figure 4. Input Video Signal
USER INFORMATION
Vece, GND

Each of the Vcc/GND-pin pairs should be connected to
separate power supplies in order to reduce noise problems.
All Ve pins should be bypassed through 0.1 uF ceramic and
47 uF tantalum capacitors mounted as close as possible to
the MC141620.

Vin

The video input signal must be clamped with an appropri-
ate voltage level. It might be necessary to amplify the signal
to drive this chip. In order to reduce noise effects, the wiring
pattern on the Vj, signal should be short as possible. Vi
should be driven with a low-impedance source. The frequen-
cy bandwidth of the input signal should be limited to less than
half of the sampling clock frequency (Nyquist criteria).

AD Reference Inputs

REF-F and REF-Z set the dynamic range of the ADC in-
put. These should be by passed through 0.1 pF ceramic and
10 pF tantalum capacitors mounted close to GND2. The volt-
age supplied to REF-F and REF-Z must be stable within al-
lowable time and temperature ranges.

Reference accuracy is + 0.5 LSB (voltage difference be-
tween REF-F and REF-2), if all portions of circuit are not
changed in compliance with temperature. But, most circuits
are changed in compliance with the temperature. Therefore,
in this case, the reference voltage accuracy should be less
than + 0.5 LSB. A stable power supply is required for these
reference inputs and the resistor value of the reference lad-
der is low (typically about 300 Q).

Clock Input
Reference Figures 5, 6 and 7.

Clock (14.31818 MHz) must be synchronized with a sub—
carrier (NTSC) or horizontal sync signal. The clock line

should be a short printed circuit board trace, and should be
separated from other circuits in order to reduce crosstalk.
TTL or CMOS levels may be connected by dc coupling.
5.0 V p—p sine waves may be ac coupled with a 0.1 pF ce-
ramic capacitor.

A small signal, such as a 200 mV p—p or greater sine
wave, may be ac coupled with a 0.1 pF ceramic capacitor,
then biased to half of Vcc1 by a pair of 330 kQ resistors.

When the clock level is less than 200 mV p—p, it should be
supplied to the circuit of Figure 7 after being increased to
more than 200 mV p—p using a buffer amplifier.

MC141620
O————— ClK

Figure 5. TTL Level

MC141620

o] o

uF

Figure 6. 5.0 V p—p Sine Wave

MC141620
CLK

GND1
Figure 7. 200 mV p-p to 5.0 V p—p Sine Wave

iBlAS Pins

The IB|AS pins determine the bias current of the ADC and
DAC by external resistors. IB|AS1 is associated with the ADC
and Ig|as2 is for the DAC. In both cases, a 10 kQ resistor is
connected from each of these pins to the closest GND.

DA Reference

This is a bypass pin for the DA reference. Insert a bypass
capacitor of about 0.1 uF between DAREF and GND3.
Power-On Sequence

The GND1, GND2, and GND3 pins are connected to a
common ground. Power should be supplied sequentially to
Ve, Veca, then Vees.

MOTOROLA
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Figure 8. Application Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC141621A

Advance Information
Advanced Comb Filter (ACF)

FU SUFFIX
CMOS QFP PACKAGE
CASE 898-01
The Advanced Comb Filter is a video signal processor for VCRs and TVs. It
separates the Luminance Y and Chrominance C signals from the NTSC
composite video signal by using digital signal processing techniques which
minimize dot—crawl and cross—color. This filter allows a video signal input of an ORDERING INFORMATION
extended frequency bandwidth by using a 4xisc clock. The built—in A/D and D/A MC141621AFU

converters allow easy connections to analog video cassette recorders and Quad Flat Package (QFP)

television circuits.

¢ Built-In High Speed 8-Bit A/D Converter
¢ Two Line Memories (18209 bytes) PIN ASSIGNMENT
e Advanced Combing Process _
« Two 8-Bit D/A Converters E é ’g‘
e Built-In Clamp Circuit coo 352830 800
¢ On-Chip Reference Voltage Regulator for A/D Converter £zzoxO>>=z—=z=
« Digital Interface Mode
PELRIITEILIE
DO 1 36 3 CO
D1 2 3BCt
D23 3413 C2
D34 33 g c3
D45 32 C4
D5C]6 3165
D67 30[1C6
D78 29[M¢7
GND(D) ] 9 28 [ RTP
CLK] 10 27 [ RTPS
Veep) 5 1 26 [ GND(AD)
CLK(AD) 3 12 25 2 Veo(AD)
OFTNDONODOD - NMT
- — = = NN AN NN
uvguuuauuuoddy
BZREESS PeEES
Q9 Z0 o
== S

NC = NO CONNECTION

SIMPLIFIED BLOCK DIAGRAM

Cout (CHROMINANCE)

Vin (NTSC VIDEQ) ADG 3-LINE ADVANCED m DAG
COMB FILTER
PROCESS
— DAC
ADC Analog-to-Digital Converter Yout (LUMINANCE)

BPF Band-Pass Filter
DAC Digital-to-Analog Converter

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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BLOCK DIAGRAM

RIP  RIPS
asIasIu 33} 32| 31 aoIzs 28 27
2
| PORT —lﬂ— —> RBTS
39
hias ——{_bas |- Ret
|
Vin
()
| Yout DAC J—] CONTROL — 2 Gl
| 44 LOGIC
REF(DA) —| DAC
BPF CONTROL
Cout LoGIc | lciawp 18 oc
ACF B
PROCESSING
I I I 17
TE1
BPF BPF BPF
16
l— TEO
H e | 15
I g I | MODEJ<—— MODE 1
¥ \ I MODE 0
Vce(AD) = PIN25
Vee(p) =PIN 11 PORT CLKBUF
Vee(pa) = PIN42
GND(AD) = PIN 26 1|23 ]a|s5]|6]7]8
GND(D) = PINS 9, 19 13 10 |12
GND(DA) = PIN 43 D0 D1 D2 D3 D4 D5 DG D7 BW CLK CLK(AD)
MC141621A MOTOROLA
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ABSOLUTE MAXIMUM RATINGS*

Characteristic Symbol Value Unit This device contains protection circuitry

to guard against damage due to high static

DC Supply Voltage (Referenced to GND), Vce -05t0+7.0 \ voltages or electric fields. However, pre-

Vce(AD) VeC(D). VCC(DA) cautions must be taken to avoid applica-

DC Input Voltage (Referenced to GND) Vin |-15toVec+15| V tions of any voltage higher than maximum

rated voltages to this high—-impedance cir-

DC Output Voltage (Referenced to GND) Vout |[—-05toVcc+05| V cuit. For proper operation, Vin and Vout

DC Input Current (per pin) lin 120 mA should be constrained to the range GND <

- (Vin or Vout) < Vce-

DC Output Current (per pin) lout +25 mA Unused inputs must always be tied to an

DC Sunply Current (V. nd GND pi ) +100 A appropriate logic voltage level (e.g., either

upply Current (Vo a pins) cc m GND or V). Unused outputs must be left
Power Dissipation Pp 750 mw open.

Storage Temperature Tstg —65to+ 150 °C

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limits in the Electrical Characteristics tables or
Pin Descriptions section.

GENERAL ELECTRICAL CHARACTERISTICS (Vg =5.0 V, TA = 25°C Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit | Notes
Supply Voltage (VCC(AD), VCC(D): VCC(DA)) vVce 4.5 5.0 55 v
Operating Supply Current lcc — 80 110 mA
Operating Power Dissipation Pp — 400 600 mwW
Ambient Operating Temperature TA -20 — 80 °C
Total Signal Delay (between Vip, — Yout and Coyt excluding the digital 4 — 64.95 — us 1
input comb filter mode)
NOTE:

1. System clock for 930 cycles.

CLOCK INPUT ELECTRICAL CHARACTERISTICS (Vo =5.0V, Tp = 25°C + 3°C)

Characteristic Symbol Min Typ Max Unit | Notes
Clock Frequency fe 12 14.31818 15 MHz
Input Level Clock Ve 200 — — mV p-p 1
High Level Input Voltage CLK, CLK(AD) ViH 3.15 — — \" 2,3
Low Level Input Voltage CLK, CLK(AD) ViL — — 11 \ 2,3
Clock Duty Cycle CLK, CLK(AD) DC 40 50 60 % 2,3

NOTES:
1. In normal and CCF modes.
2. CLK in digital input comb filtering and digital output comb filtering mode.
3. CLK(AD) is available only during digital input comb filtering mode.

MOTOROLA MC141621A
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ADC ELECTRICAL CHARACTERISTICS (VoG = 5.0 V, TA = 25°C +3°C)

Characteristic Symbol Min Typ Max Unit
Resolution - - —_ 8 Bits
Integral Nonlinearity (Using Internal Reference) INL — +05 +15 LSB
Differential Nonlinearity (Using Internal Reference) DNL —_ +0.5 +1.0 LSB
Analog Input Range Vin - — 33 Vp-p
Top Reference Level VTp VBT —_ Vce(AD) \
Bottom Reference Level VBT 14 —_ VTp \
Top Self Reference Level (When Connecting RTP — RTPS, RBT — RBTS) VTps 45 4.6 4.7 \
Bottom Self Reference Level (When Connecting RTP — RTPS, RBT — RBTS) VBTS 15 1.6 1.7 \
Maximum Analog Input Range During Self Reference (When Connecting Vins 2.9 3.0 3.1 V p-p
RTP - RTPS, RBT — RBTS)
Reference Resistor Value Rref —_ 350 — Q

DIGITAL ELECTRICAL CHARACTERISTICS (Vog =5.0 V, TA =25°C + 3°C)

Characteristic Symbol Min Typ Max Unit

High Level Input Voltage MODE 0, MODE 1, BW, C0 - C7,D0 - D7 VIH 3.15 — — \
Low Level Input Voltage MODE 0, MODE 1, BW, C0 - C7,D0-D7 ViL —_ — 1.1 Vv
Input Leakage Current MODE 0, MODE 1, BW, C0 - C7, D0 - D7 likg — — +10 pA
(Vin = Vce(p) or GND(D))

Data Setup Time (During CLK Input, CMOS Level) Co0-C7,D0-D7 tsu 5 — — ns
Data Hold Time (During CLK Input, CMOS Level) C0-C7,D0-D7 th 30 — — ns
Data Input Rise Time (During CLK Input, CMOS Level) C0-C7,D0-D7 tr —_— — 10 ns
Data Input Fall Time (During CLK Input, CMOS Level) C0-C7,D0-D7 tf —_ — 10 ns
Output Data Delay (During CLK Input, CMOS Level) C0-C7,D0-D7 tq — 30 — ns

FILTERING CHARACTERISTICS (Voc =5.0 V, Tp = 25°C +3°C)

Characteristic Symbol Min Typ Max Unit
Y/C Separation — 40 —_ — dB
Band-Pass Filter (Wide Bandwidth, at — 3 dB) —_ — +13 —_ MHz
Band-Pass Filter (Narrow Bandwidth, at — 3 dB) —_ — +1.1 — MHz

DAC ELECTRICAL CHARACTERISTICS (Vg = 5.0V, Tp = 25°C £ 3°C)

Characteristic Symbol Min Typ Max Unit
Resolution —_ —_ — 8 Bits
Integral Nonlinearity INL — — +1 LSB
Differential Nonlinearity DNL — — +0.3 LSB
Analog Output Voltage, Yoyt Vyo 1.1 1.2 13 Vp-p
Analog Output Voltage, Coyt Vco 1.1 1.2 1.3 V p-p
Full Scale Voltage, Yot VYES 13 1.5 1.7 Vv
Full Scale Voltage, Cout VCFs 13 15 1.7 '
Zero Scale Voltage, Yout Vyzs 0.1 0.3 0.5 \Y
Zero Scale Voltage, Coyt Vezs 0.1 0.3 0.5 \
Output Impedance Zp — 100 300 Q
MC141621A MOTOROLA
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ADC - DAC GENERAL CHARACTERISTICS (Voc =5.0 V, Tp = 25°C £3°C)

Characteristic Symbol Min Typ Max Unit
Voltage Gain (During Self Bias) — -89 -8.0 -7 dB
Output Bandwidth (at — 3 dB) — 55 6.4 — MHz
Differential Gain DG — — 5 %
Differential Phase DP — — 5 Deg
Bias Current (Ipjas resistor = 9.1 kQ) Ibias — 135 — pHA

CLAMP CIRCUIT CHARACTERISTICS (Vo =5.0 V, TA = 25°C £ 3°C)

Characteristic Symbol Min Typ Max Unit
Clamp Mode Output Saturation Voltage, CLgyt Velys 28 3.1 — \
Bias Mode Output Voltage, CLgt (at Self Reference) VcLe 2.95 3.05 3.15 \"

NOC-I;aEr.np Mode Output Voltage, V¢jy (Non-input when connecting Vin - Clout)
Vely = (VTP - VBT) (N + 1)/ 256 + VBT + 50 mV
where N: Clamp Code Input (N < 255)
¢ If the calculated value of the output voltage, Vclys > 3, then Vejy = 3.0 V

o Clamp Value N is fixed during the digital input comb filtering mode and the digital output comb filtering mode, fixing N = 8.
Bias Mode Output Voltage, Vg ¢ (Non-input when connecting Vin — CLoyt)
Vere = (VTP - VBT)/2+ VBT £10%
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Figure 1a. A/D Converter Timing Diagram (During Digital Input Comb Filtering Mode)
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Figure 1b. Digital Signal Input Timing Diagram (During Digital Input Comb Filtering Mode)
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Figure 1c. Output Signal Timing Diagram (During Digital Output Comb Filtering Mode)

Figure 1. Timing Diagrams
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PIN DESCRIPTIONS

Pin Pin Name Function
1t08 D0 - D7 Digital input/output interface 2. Generally GND level.
9,19 GND(D) GND for Digital circuit.
10 CLK CLK input. Input ac coupling by external capacitor. Minimum CLK input level is 200 mV p—p during
normal and CCF modes.
" Vee() Power supply for Digital circuit.
12 CLK(AD) CLK input for A/D converter. Available only during Digital input comb filtering mode and a portion of

test mode. Input level is CMOS level.

13 BW Chrominance signal bandwidth selecting input. Narrow bandwidth in LOW level.
14,15 MODE 0,1 MODE input. GND level during Normal mode.
16,17 TEO, TE1 Test mode input. Generally GND level.
18 CLC Clamp time constant setting pin.
20 Clout Voltage output for clamp. It can clamp an input signal by connecting with Vi, and inputting the video
signal by ac coupling.
21 Vin AD converter input. Maximum input voltage is 3.3 V p—p.
22 RBT Bottom reference input for A/D converter.
23 RBTS Bottom reference voltage supply pin for A/D converter. Supplies bottom reference voltage by
connecting with RBT.
24 NC No connection. Generally GND level.
25 Vce(AD) Power supply for A/D converter.
26 GND(AD) GND for A/D converter.
27 RTPS ;?IP reference voltage supply pin for A/D converter. Supplies top reference voltage by connecting with
P.
28 RTP Top reference input for A/D converter.
2910 36 C7-Co0 Clamp level input. Digital input/output interface.
37,38 NC No connection. Generally GND level.
39 Ibias Bias circuit current control for A/D, D/A converters. Generally connected to GND(DA) through an
external resistor.
40 NC No connection. Generally GND level.
41 Yout Luminance signal output.
42 Vce(DA) Power supply for D/A converter.
43 GND(DA) GND for D/A converter.
44 REF(DA) Reference for D/A converter. Generally connected to GND(DA) through a multilayer ceramic capacitor
(0.1 pF).
45 Cout Chrominance signal output.
46 t0 48 NC No connection. Generally GND level.
MOTOROLA MC141621A

2-105



Figure 2 shows the 1/O signals of the Advanced Comb Filter.
fe——————— e —

D/A CONVERTER

I—DIGITAL

gouuuauy
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TP

0t

atd

Figure 2. Pin Assignment

DEVICE DESCRIPTION

INTRODUCTION

The Advanced Comb Filter (ACF) is a high—performance
HCMOS digital filter with built—in A/D and D/A converters. The
basic function of the chip is the separation of the Luminance Y
and Chrominance C signals from the NTSC composite video
signal. The ACF minimizes the problems often generated by
Y/C separation such as dot—crawl and cross—color. It uses a
14.3 MHz clock that allows an extended frequency bandwidth
video signal to be input. This Y/C separation is realized by the
digital advanced comb filters. The complete block diagram for
the Advanced Comb Filter is shown on the first page.

ADVANCED COMB FILTER DESCRIPTION

Figure 3 is the simplified block diagram of the Advanced
Comb Filter chip. There are three major functions represented
on this block diagram. The first block is the analog-to—digital
conversion block. The high speed 8-bit binary A/D converter
converts the incoming analog video signal to an 8-bit binary
data stream. The conversion frequency is 14.3 MHz, which is
four times the color subcarrier frequency. The maximum ana-
log video input is 3.3 V p—p.

Cout (CHROMINANCE)

Vin (NTSC VIDEO) :AD -

COMB FILTER
PROCESS

3-LINE ADVANCED

_ DAC

Yout (LUMINANCE)

Figure 3. Simplified Block Diagram
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The second block contains the Advanced Comb Filter algo-
rithm. The digital data from the A/D converter is processed by
the algorithm of the Advanced Comb Filter. The composite vid-
eo is filtered by the band—pass filter (BPF) and separated into
the Luminance Y and Chrominance C signals.

The third block is the digital-to—analog conversion block.
Two 8-bit D/A converters convert the luminance and chromi-
nance into analog outputs. The conversion frequency is four
times the subcarrier signal (14.3 MHz). The chrominance ana-
log output is biased with a dc offset of half the value of the D/A
converter reference.

A voltage reference for clamping is built into the chip. It pro-
duces a clamp voltage by comparing the output code of the
A/D converter to the external clamp level input signal. This
voltage is output via the CLgyt pin and provides the capability
to do on chip dc restoration of the video signal. The input video
signal can be clamped by connecting CLgyt to the video input,
and inputting a video signal with ac coupling.

A/D Converter

The composite video signal input is converted to the digital
code by the high speed 8-bit A/D converter. The input voltage
range is determined by the value of the reference voltage in-
puts, RBT and RTP. The limits for the converter are 1.4 V mini-
mum for RBT and Vcc(AD) — 0.8 V maximum for RTP. This
produces a maximum conversion value of 3.3 V p—p maximum
video input signal for VCC(AD) of 5 V. A self-bias function
generating VTp =4.6 V, VBT = 1.6 V can be realized by con-
necting the internal A/D converter reference voltage supply
with the A/D converter reference pin. The sampling clock fre-
quency of the A/D converter is 14.3 MHz which is four times
the color subcarrier frequency.

Clamp Voltage Regulating Circuit

The.clamp voltage regulating circuit sync tip clamps the in-
put signal when the Vi, pin is connected to the CLgyt pin and
the video signalis input using ac coupling. It compares the dig-
ital value of the clamp level input, CO — C7, with the A/D con-
verter output code. The clamp voltage is output by the CLoyt
pin. The clamp circuit operates as though the sync tip level of
the video signal is synchronized with the digital value input to
C0-C7.

In the digital input comb filtering mode and the digital output
comb filtering mode, the video signal is clamped by fixing the
internal clamp level to ($08). The value of CO — C7 is ignored
by the clamp circuit with these operating modes.

The circuit operates in the bias mode during the CCF mode.
It outputs half the value of the A/D converter reference voltage
from CLgyt. The input video signal is biased at half of the A/D
converter reference voltage by connecting the CLgyt with Vin
and inputting the video signal via ac coupling.

Advanced Comb Filter

The Advanced Comb Filter is an adaptive digital filter that
includes a delay line memory, latches and 8-bit adders. The
basic function of the filter is adding and subtracting various
delayed values using the adders. The calculations for each
sampled data are completed within one clock cycle, approxi-
mately 70 ns. Each adder has latches to maintain the calcu-
lated value. If the speed of the adders is not fast enough, other
latches may be added to save the partial value of the

calculations. These latches will be counted as the digital signal
delays.

There are two major data passes in this filter, the chromi-
nance and luminance. Both data passes are designed so that
all delays match when these signals are outputted. Inside this
filter, there are two band—pass filters which have different
bandwidths. This allows the selection of the color signal band-
width via an exterior BW pin. Table 1 shows the relationship
between the BW pin and the bandwidth.

Table 1. Bandwidth Conversion Function

Bandwidth BW
Narrow L
Wide

D/A Converter

The luminance and chrominance signals separated in the
advanced comb filtering portion are converted to analog sig-
nals by two 8-bit D/A converters. The output voltage range is
from 0.3 Vto 1.5V, 1.2 V p—p. The sampling clock of the D/A
converter is 14.3 MHz. This is the same as the A/D converter.

OPERATING MODES

The Advanced Comb Filter can be operated in any of four
modes. These modes are fixed by a digital code inputted into
MODE 0 and MODE 1. The descriptions of the four types of
operating modes are:

Normal Mode

This mode is for the normal Y/C separation. The video sig-
nal input to the A/D converter is separated into its Y and C
components and output as analog information from the D/A
converter outputs. The clamp circuit operates as sync tip
clamp by connecting CL gyt With Vijn, and clamps the input vid-
eo signal to the digital value input at CO — C7.

Chrominance Comb Filter (CCF) Mode

This mode reduces the noise of a chrominance signal. The
chrominance signal input to the A/D converter is filtered by the
ACF algorithm, and the filtered chrominance signal is output
from Coytafter reducing the accumulated noise. The Yoyt sub-
tracting Coyt components (noise components) removed by the
combfilter algorithm are output at Yot. The clamp circuit oper-
ates in the bias mode and biases the chrominance signal at
the half point of the A/D converter reference voltage if CLgyt is
connected to Vin.

Digital Input Comb Filter Mode

In this mode the comb filter is used as two separate blocks,
the A/D converter portion, and the filter and D/A portion. This
mode can re—input and filter converted digital data output by
the A/D converter after arbitrarily being digitally processed by
external circuits. The converted digital data outputs into
CO0 — C7. Moreover, the data input into DO — D7 is filtered by
the ACF algorithm, and is output as an analog signal from Yoyt
and Cqyt. The two blocks can can operate independently with
different frequency and phase clock signals. The CLK(AD) pin
is the clock input to the A/D converter block and the CLK piniis
the clock source for the filter and D/A converters. At this time,
the clamp circuit works as a sync tip clamp when CLqyt is
connected to Vi, and clamps the input video signal to the
internally fixed digital value ($08).
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Digital Output Comb Filtering Mode

This mode outputs digital values of the luminance and
chrominance signals in addition to functioning as a standard
analog output Y/C separator. This allows arbitrary digital pro-
cessing of the filter—processed Y and C digital outputs by an
external circuit. It interfaces with an analog circuit easily, since
both analog Y and C signals are output at the same time.

The video signal input to the A/D converter is converted to
digital data, and forwarded to the filter portion. The Y/C sepa-
rated data from the filter portion is output from Yoyt and Coyt
after the D/A conversion. At the same time, the filter portion
output is also forwarded to the digital interface and the lumi-
nance digital value is output from C0O — C7 and the chromi-
nance digital value is output from DO — D7. With this mode, the
clamp circuit works as a sync tip clamp with CLoyt connected
to Vin, and clamps the input video signal internally to the fixed
digital value ($08).

Table 2 shows the relationship between the MODE pins and
MODE condition.

Table 2. Operating MODE Switching Function

Mode MODE 1 | MODE 0
Normal Mode L L
CCF Mode L ‘ H
Digital Input Comb Filtering Mode H L
Digital Output Comb Filtering Mode H H

APPLICATION DESIGN CONSIDERATIONS

Vce, GND

To maximize the performance of the MC141621A, noise
should be kept to a minimum. Good printed circuit board
design will enhance the operation of the MC141621A. Sepa-
rate analog and digital grounds will reduce noise and conver-
sion errors. In addition, separate filters on analog Vcc and
digital Vpp will also help to minimize noise and conversion er-
rors. Sufficient decoupling and short leads will also improve
performance.

When designing mixed analog/digital printed circuit boards,
separate ground planes for digital ground and analog ground
should be employed. Large switching currents generated by
digital circuits will be amplified by analog circuitry and can
quickly make a circuit unusable. Care should be taken to
ensure analog ground does not inadvertently become part of
the digital ground. The analog and digital grounds should be
connected together at only one point. This is usually at or near
where power enters the printed circuit board. Additionally,
when interconnecting several printed circuit boards together,
care must be taken to ensure that cabling does not intercon-
nect digital and analog grounds together to produce a path for
digital switching currents through analog ground.

When using any device with the performance and speed of
the MC141621A, ground planes are essential. Loosely inter-
connected traces and/or random areas of ground strewn
around the printed circuit board are inadequate for high per-
formance circuitry. While distribution of Vpp and V¢ can be
done by bussing, to do so with the ground system is
disastrous.

A 1-inch long conductor is an 18 nH inductor. The cross
sectional area of the conductor affects the exact value of the

inductance, but for most PCB traces this is approximately cor-
rect. If the ground system is composed of traces or clumps of
ground loosely interconnected, it will be inductive. The amount
of inductance will be proportional to the length of the conduc-
tors making up the ground. This inductance cannot be
decoupled away. It must be designed out.

A CMOS device exhibits a characteristic input capacitance
of about 10 pF. If this gate is driven by a digital signal that
switches 2.5 V in a period of 5 ns, the equation for the average
current flowing during the switching time will be:

1AV = Cdv/dt.

A voltage change of 2.5 V in 5 ns requires an average cur-
rentof 5 mA. If we assume a linear ramp starting from zero, the
total change in current will be 10 mA. The change in current
per nanosecond per gate can be found by dividing the change
in current by the time

10 mA/5 ns = 2 mA/ns.

'For a device with 16 outputs driving one gate for each
output,

di/dt = 16 x 2 mA/ns = 32 mA/ns.

If the above 1-inch wire is in this current path, then the volt-
age dropped across it can be found from the formula

V = Ldi/dt = 18 nH x 32 mA/ns = 0.576 V.

If the inductor is in the ground system, it is in the signal path.
The voltage generated by the switching currents through this
inductor will be added to the signal. At best it will be
superimposed on the analog signal as unwanted noise. At
worst, it can render the entire circuit unusable. Even the digital
signal path is notimmune to this type of signal. It can false trig-
ger clock circuits causing timing errors, confuse comparator
type circuits, and cause digital signals to be misinterpreted as
wrong values.

When laying out the PCB, use electrolytic capacitors of suf-
ficient size at the power input to the printed circuit board. 47 pF
tantalum capacitors are recommended. Adding low ESR (ef-
fective series resistance) decoupling capacitors of about
0.1 uF capacitance across Voc and/or Vpp ateach device will
help reduce noise in general and ESD (electrostatic dis-
charge) susceptibility. Connect the high—capacity and high—
frequency capacitors as close as possible to all analog Vcc,
digital Vpp, and ground pins. Implementation of agood ground
plane ground system can all but eliminate the type of noise
described above.

To summarize, use sufficient electrolytic capacitor filtering,
make separate ground planes for analog ground and digital
ground, tie these grounds together at one and only one point,
keep the ground planes as continuous and unbroken as pos-
sible, use low ESR capacitors of about 0.1 pF capacitance on
Ve and Vpp at each device, and keep all leads as short as
possible.

Vin

In order to prevent flyback noise on the video input, itis nec-
essary to keep the bandwidth to less than 1/2 the clock fre-
quency by using an area filter. Here the amplifier used as an
input buffer needs a wide bandwidth and driving capability.
Moreover, to minimize external noise effects, drive the Vjp pin
with a low impedance amplifier and keep the Vj,, pin as close
as possible to the amplifier output.
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When using the built—in clamp circuit, connect CLgyt to Vin
and input signals after ac coupling by using a high—perfor-
mance, high—frequency capacitor of 1 to 0.1 pF capacitance.
In this case, keep the Vin, CLoyt, coupling capacitor, and buff-
er—amplifier wiring as short as possible. Pay attention to the
external noise and parasitic impedance.

CLC

The CLC pin sets the clamp circuit speed with an external
capacitor and resistor.

Generally, the capacitor and resistor are arranged in a row
and connected to GND(AD). Select a capacitor that minimizes
the dielectric absorbing error. When the capacitor capacity is
reduced, the shift speed of the video signal to VCC(AD) side is
accelerated. If the resistor value is too small at this point, sag-
ging will appear in the video signal. Also, if the capacitor’s ca-
pacity is too large, the clamp speed will slow down; therefore, it
is very important to pay attention to the setup of the resistor
and capacitor values.

DA REFERENCE

REF(DA) is a DA converter reference decoupling pin for
both the Yoyt and Coyt. Bypass to GND(DA) by applying
a high—performance, high—frequency capacitor as close
to the pin as possible. A 0.1 uF multilayer ceramic capacitor is
recommended.

CLOCK INPUT

The clock frequency input is 14.31818 MHz, which is four
times the frequency of a subcarrier. The minimum input level
is 500 mV p—p. It should be synchronized with inputting the
subcarrier of the video signal.

The clock line should be wired with the shortest wire and be
separated from other circuits to minimize cross coupling to
other signals. The CLK(AD) pinis used only during digital input
comb filtering mode; therefore, it should be at GND level
unless the device is used in the digital input comb filtering
mode.

Ibias

The Ipigs pinis used to set up the bias current forthe AD and
DA converters. Connect an external resistor between the Ipjag
and GND(DA).

DIGITAL INPUT COMB FILTERING MODE

Connect CLK(AD) to GND(D) when the AD converter is not
being used. Connect DO — D7 to GND(D) when the DA con-
verter and filter are not being used. This is to eliminate any
unnecessary operation of blocks that are not being used.

LATCH-UP

TheVcc(AD). VCC(DA), and V(D) pinsconnect to power
supplies that are independent from each other. Therefore,
latch—-up may occur when the power is applied. To eliminate

latch-up, apply power tothe VCC(AD), VCC(DA), andVCC (D)
pins simultaneously.
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EMI SUPPRESSION

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an-IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant
in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

The area which should be addressed first as a potential
EMI source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 8 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
the relief pattern is equal to half the distance between pins,
over etching and process errors may remove ground be-
tween pins. If sufficient ground around enough pins are re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-

quate values of capacitors. The value of the decoupling
capacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling
capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only one!) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequen-
cy differ sufficiently, filtering can still work.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 9. The ground must be cut
so that the digital ground for the device is isolated from the
rest of the ground system. Next choose a ferrite bead of the
appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMI is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 9. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.

The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device
generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2X pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information

Advanced Comb Filter-1l1 (AFC-II)

The Advanced Comb Filter—Il is a video signal processor for VCRs and TVs.
It's function is to separate the Luminance Y and Chrominance C signals from
the NTSC composite video signal. The ACF-II minimizes dot-crawl and
cross—color. A built-in PLL provides a 4xfsc clock from either an NTSC
subcarrier signal or a 4xfsc input. This allows a video signal input of an
extended frequency bandwidth. The built—in vertical enhancer circuit improves
the quality of the Luminance Y signal. The built—in A/D and D/A converters allow

easy connection to analog video circuits.

Built—in High Speed 8-Bit A/D Converter

Two Line Memories (1820 Bytes)

Advanced Comb-Il Process

Vertical Enhancer Circuit

Two High Speed 8-Bit D/A Converters

4xfsc PLL Circuit

Built—in Clamp Circuit

Digital Interface Mode

On-Chip Reference Voltage Regulator for A/D Converter

e o o 0 0 0 0 s o

MC141622

P SUFFIX
48-LEAD QFP
CASE 898-01
ORDERING INFORMATION
MC141622FU
Quad Flat Package (QFP)

PIN ASSIGNMENT
388585883886
8BILSHSATREY

D3] 37 24 2 TEA
D2 38 23 3 TEO
D1C] 39 22 1 MODE1
Do 49 21 23 MODEO
BK 41 20 (3 CLK(AD)
VHC] 42 19 3 GND(D)
GND(D) 43 18 .3 Vee(p)
Vccg)&l: 44 17 3 CLC
FSCC] 45 16 3 Cloyt
NCC 46 153 Vip
NCH 47 14 3 RBT
NCEH 48 13 3 RTP
—vamwv\wms,‘:f‘_‘
gouuooouuoou
QuUuZzgFsST BT EE &
g0255 3535892
8=E2”"g%575 8
o > == o>
NC = NO CONNECTION

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS*

Characteristic Symbol Value Unit This device contains protection circuitry to
guard against damage due to high static
DC Supply Voltage (Referenced to GND) Vee -05t0+7.0 v voltages or electric fields. However, precau-
X tions must be taken to avoid applications of any
DC input Voltage (Ref d to GND, Vi -15t0V, 15 \"
nput Voltage (Referenced to ) in cc+ voltage higher than maximum rated voltages to
DC Output Voltage (Referenced to GND) Vout -05toVec+0.5 A this high-impedance circuit. For proper opera-
" N tion, Vi and Vgt should be constrained to the
DC Input Current (per pin) lin +20 mA range GND < (Vin or Vout) < VGG
DC Output Current (per pin) lout +25 mA Unused inputs must always be tied to an
— appropriate logic voltage level (e.g., either
Power Dissipation Pp 750 mw GND or V). Unused outputs must be left
Storage Temperature Tstg —65t0+ 150 °C open.

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limits in the Electrical Characteristics tables or
Pin Descriptions section.

GENERAL ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, Tp = 25°C + 3°C, Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit Notes
Supply Voltage Vce 4.75 5.0 5.25 \"
Operating Supply Current Icc — 15 140 mA 1
Operating Power Dissipation Pp — 575 735 mw 1
Ambient Operatirig Temperature TA -20 - 75 °C

NOTE:
1. At normal mode.

CLOCK INPUT ELECTRICAL CHARACTERISTICS (Vgc =5.0V, Ta = 25°C + 3°C, Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit | Notes
Subcarrier Input Frequency fe —_ 3.579545 — MHz 1
Clock Frequency CLK — 14.31818 — MHz 2
FSC Clock Input Level Vi 1 — — Vp-p 3
High Level Input Voltage CLK(AD) ViCH 3.15 — — \" 4
Low Level Input Voltage CLK(AD) VicL — —_ 1.1 \ 4
Clock Duty Cycle CLK/CLK(AD) Dty 45 50 55 % 4

NOTES:
1. Color subcarrier input [FSC = (455/2)fh] locked on the burst signal of the input video signal. AC coupling input by external capacitor.
2. The internal circuit operates by four times clock using FSC—pin input at normal (FSC) mode.
3. Sine wave input.
4. CLK(AD) is available only during digital input comb filter mode.
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ADC ELECTRICAL CHARACTERISTICS (Vg =5.0 V, Tp = 25°C + 3°C)

Characteristic Symbol Min Typ Max Unit
Resolution - —_ — Bits
Integral Nonlinearity INL — LSB
Differential Nonlinearity DNL — + + LSB
Top Reference Level VTpPs 4.5 4.6 4.7 \
Bottom Reference Level VBTS 1.45 1.55 1.65 \
Maximum Analog Input Range During Self Reference Vins 2.85 3.05 3.25 Vp-p
DIGITAL ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, TA = 25°C + 3°C)
Characteristic Symbol Min Typ Max Unit
High Level Input Voltage MODEQO, MODE1, TEO, TE1, BK, VIH 3.15 — — )
C0-C7,D0-D7
Low Level Input Voltage MODEQ, MODE1, TEO, TE1, BK, VH, ViL — — 1.1 v
C0-C7,D0-D7
Input Leakage Current MODEO, MODEH1, TEO, TE1, BK VH lint — — +10 pA
[Vin = Vce(p) or GND(D)] C0-C7,D0-D7
Data Setup Time (at Digital Input Comb Filter Mode) D0 -D7 tds 0 —_— — ns
Data Hold Time (at Digital Input Comb Filter Mode) D0 -D7 tdh 20 —_ —_ ns
Data Input Rise Time (at Digital Input Comb Filter Mode) DO - D7 tr — — 10 ns
Data Input Fall Time (at Digital Input Comb Filter Mode) DO - D7 t — — 10 ns
Output Data Delay (at Digital Input/Output C0-C7,D0-D7 tdl — 45 — ns
Comb Filter Mode)
FILTERING CHARACTERISTICS (Voo =5.0V, Tp = 25°C + 3°C)
Characteristic Symbol Min Typ Max Unit
Y/C Separation — 40 — — dB
Band-Pass Filter Bandwidth (at — 3 dB) — — +0.75 — MHz
DAC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, TA =25°C +3°C)
Characteristic Symbol Min Typ Max Unit
Resolution — — — 8 Bits
Integral Nonlinearity INL —_ — +1 LSB
Differential Nonlinearity DNL — — +0.5 LSB
Analog Output Voltage, Yout Vyo 1.1 1.2 1.3 Vp-p
Analog Output Voltage, Coyt Vco 1.1 1.2 1.3 V p-p
Full Scale Voltage, Yout VYES 1.3 15 1.7 \Y
Full Scale Voltage, Coyt VCcFs 1.3 1.5 1.7 v
Zero Scale Voltage, Yoyt Vyzs 0.1 0.3 0.5 \
Zero Scale Voltage, Coyt Vezs 0.1 0.3 0.5 \
Output Impedance Z0 — 100 300 Q
MOTOROLA MC141622
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CLAMP CIRCUIT CHARACTERISTICS (Vcc =5.0V, TA =25°C £ 3°C)
Characteristic Symbol Min Typ Max Unit

Clamp Mode Output Voltage* . Vclys — 1.6 — \

* At using the clamp circuit when connecting Vi — CLoyt.

BK/VH CHARACTERISTICS (VoG = 5.0V, TA = 25°C + 3°C)

Characteristic Symbol Min Typ Max Unit
BK Switching Time, at Normal Mode — 9 — Clock
VH Switching Time, at Normal Mode _ 9 _— Clock

VERTICAL ENHANCER LEVEL CHARACTERISTICS (Vo =5.0V, TA =25°C + 3°C)

Characteristic Symbol Min Typ Max Unit
Noise Slice Level, at Normal Mode 0 - 15 bit
White Enhance Level, at Normal Mode 0 - 15 bit
Black Enhance Level, at Normal Mode 0 - 15 bit

GENERAL SIGNAL DELAY (Voc =5.0 V, Ta = 25°C £ 3°C)

Characteristic Symbol Min Typ Max Unit
Normal Mode, 938 Clock — 65.511 — us
MC141622 MOTOROLA
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CLK(AD)

-AD INPUT

OUTPUT DATA ?{
(Co-C7) X N-3 N-2 >< N-1 X N X N+1 >< N+2 ><
I tal | | |

Q= Sampling Point

Figure 1a. A/D Converter Timing Diagram (During Digital Input Comb Filtering Mode)

CLOCK

e j( X A
tds "— I‘— tdn

|,——l q I-

Figure 1b.Digital Signal Input Timing Diagram (During Digital Input Comb Filtering Mode)

CLOCK

OUTPUT DATA
(Co-C7, x N N+1 X N+2 X N+3 >< N+4 X N+5 ><

D0 - D7)
W
N-2 | N\ Nes |\
DA OUTPUT No1T | N | N+
(Yout, Cout N \
N+2
N+1
Figure 1c. Output Signal Timing Diagram (During Digital Output Comb Filtering Mode)
Figure 1. Timing Diagrams
Clamp Circuit Characteristics (Vgc = 5.0V, TA = 25°C + 3°C)
Clamp Mode Output Voltage, Vcly (Non-input when connecting Vin — CLout)
Vely = (VTP - VBT) (N + 1) /256 + VBT £ 50 mV
where N = Clamp Code Input (N < 255)
* If the calculated value of the output voltage, Vcly > Vclys, then Vely = Vclys
e Clamp Value N is fixed, N = 4.
MC141622
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PIN DESCRIPTIONS

Pin Pin Name Function
1 PCO Phase comparator output.
2 Oovce Power supply for VCO.
3 BIAS Reference for VCO. Generally connected to GND(D) through an external resistor.
4 FILIN VCO controlled voltage input. Generally connected to PCO through an external loop filter.
5 GND(AD) GND for D/A converter.
6 Yout Luminance signal output.
7 Ve A) Power supply for D/A converter.
8 Cout Chrominance signal output.
9 REF(DA) Reference for D/A converter. Generally connected to GND(DA) through a multilayer ceramic capacitor
(0.1 pF).
10 Ibias Bias circuit current control for A/D, D/A converters. Generally connected to GND(DA) through an external
resistor.
1 GND(AD) GND for A/D converter.
12 Vcc(AD) Power supply for A/D converter.
13 RTP Top reference for A/D converter. Supplies top reference voltage internally.
14 RBT Bottom reference for A/D converter. Supplies bottom reference voltage internally.
15 Vin A/D converter input.
16 Clout Voltage output for clamp. Clamps an input signal by connecting with Vi, and inputting the video signal by
ac coupling.
17 CLC Clamp time constant setting pin.
18 Vee(p) Power supply for digital circuit.
19 GND(D) GND for digital circuit.
20 CLK(AD) CLK input for A/D converter. Available only during digital input comb filtering mode and a portion of test
mode. Input level is CMOS level.
21,22 MODEO, MODE1 | Mode input. GND level during normal (FSC) mode.
23,24 TEO, TE1 Test mode input. Generally GND level.
25 c7 Digital interface 1, input/output. Generally Vce(p) level.
26-28 C6-C4 Digital interface 1, input/output. Generally GND(D) level.
29 c3 Digital interface 1, input/output. Generally Vcc(p) level.
30-32 c2-Co Digital interface 1, input/output. Generally GND(D) level.
33 D7 Digital interface 2, input/output. Generally Vee(p) level.
34-40 D6 - DO Digital interface 2, input/output. Generally GND(D) level.
41 BK Non—color signal processing mode. Generally GND(D) level.
42 VH Vertical enhancer circuit mode. Generally GND(D) level.
43 GND(D) GND for digital circuit.
44 Vee(p) Power supply for digital circuit.
45 FSC CLK input. AC coupling input by external capacitor. Normal (fsc) mode: Subcarrier. Normal (4xfsc) mode:
4* Subcarrier.
46 -48 NC No connection. Generally GND level.
MC141622 MOTOROLA
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Figure 2 shows the |/O signals of the Advanced Comb Filter—Il.
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Figure 2. Pin Assignment

DEVICE DESCRIPTION

INTRODUCTION

The Advanced Comb Filter—Il (ACF-ll) is a high—perfor-
mance HCMOS digital filter with built-in A/D and D/A con-
verters. The basic function of the chip is the separation of the
Luminance Y and Chrominance C signals from the NTSC
composite video signal. The ACF-II minimizes the problems
often generated by Y/C separation such as dot-crawl and
cross—color. It uses a 14.3 MHz clock that allows an ex-
tended frequency bandwidth video signal to be input. This
Y/C separation is realized by the digital advanced comb fil-
ters. The built—in 4xfsc PLL circuit allows a subcarrier signal
input, from which a 4xfsc clock is generated for video signal
processing. This allows a video signal input of an extended
frequency bandwidth. The built-in vertical enhancer circuit
can enhance the Luminance Y signal. The built-in A/D and
D/A converters allow easy connection to analog video cir-
cuits.

ADVANCED COMB FILTER-II DESCRIPTION

The simplified block diagram of the Advanced Comb
FilterII chip is shown at the beginning of this data sheet.
There are five major functions represented in this block dia-
gram. The first block is the A/D conversion block. The high
speed 8-bit binary analog-to—digital converter converts the
incoming analog video signal to an 8-bit binary data stream.
The conversion frequency is 14.3 MHz which is four times
the color subcarrier frequency.

The second block contains the Advanced Comb Filter—I|
algorithm. The digital data from the A/D converter is pro-
cessed by the algorithm of the Advanced Comb Filter—II. The
composite video is filtered by the band—pass filter (BPF) and
separated into the Luminance Y and Chrominance C signals.

The third block is the vertical enhancer circuit block. This
vertical enhancer emphasizes the picture outline of the verti-
cal direction.

The fourth block is the digital-to—analog conversion block.
Two 8-bit D/A converters convert the luminance and chromi-
nance into analog outputs. The conversion frequency is four
times the subcarrier signal (14.3 MHz). The chrominance
analog output is biased with a dc offset of half the value of the
DA converter reference.

The fifth block is a 4xfsc CLK generation circuit. This block
generates four times the subcarrier signal and phase locks
the inputting subcarrier on FSC pin.

A/D Converter

The composite video signal input is converted to the digital
code by the high speed 8-bit A/D converter. The A/D con-
verter reference has a self-bias function which generates
VTp =4.6 V, VBT = 1.55 V. This allows the A/D converter to
function without an external reference circuit.

Clamp Voltage Regulating Circuit

The clamp voltage regulating circuit sync tip clamps the in-
put signal when the Vi, pin is connected to the CLgt pin and
the video signal is input using ac coupling. It compares the
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digital value of the clamp level ($04) with the A/D converter
output code. The clamp voltage from CLoyt is then output.

Advanced Comb Filter-lI

The Advanced Comb Filter—Il is a digital comb filter devel-
oped for use in the NTSC system. The vertical correlation cir-
cuit provides high picture quality and high resolution and
requires no adjustment for its Y/C separation. The clock fre-
quency is 14.3 MHz, which is four times the NTSC subcar-
rier.

The BK pin can be used to select between the composite
signal output without Y/C separation and the Y/C signal out-
put. Table 1 shows the relationship of the BK pin and each
output.

Table 1. BK Function

BK Pin Yout Cout
Luminance Chrominance
H Composite Chrominance

Adaptive Vertical Enhancer Circuit

The vertical enhancer circuit is used the adaptive en-
hanced processing using two line memories. The adaptive
LPF of the vertical enhancer circuit minimizes noise and dot—

crawl. This block does not emphasize horizontal and vertical
sync signals. Table 2 shows the relationship of the VH pin
and the vertical enhancer function. The coring characteristics
of the vertical enhancer circuit can be set up on the digital
port at the normal mode.

Table 2. VH Function

VH Pin Vertical Enhancer
L On
H off
D/A Converter

The luminance and chrominance signals separated in the
advanced comb filtering portion are converted to analog sig-
nals by two 8-bit D/A converters. The output voltage range is
from 0.3 Vto 1.6 V, 1.2 Vp—p. The sampling clock of the D/A
converter is 14.3 MHz.

Clock Generation Circuit

The internal PLL can be selected to operate in either of two
modes; an X4 mode used to generate a 4xfsc clock from a
normal NTSC color subcarrier, and an X1 mode when a
4xtsc signal is available.

ouT out Cc7 (] C5 c4
WHITE LEVEL c3 C2 c1 co
(C4-C7) ' D7 D6 D5 D4 Level
WHITE (0- 15 STEP) . 0 . a a S
" S L L L H 1
BLACK L N - . " !
L L H H 3
L H L L 4
L H L H 5
L H H L 6
©oouT ! out L H H H 7
' ' ro-- peeen H L L L Py
S | . N ;
” “ IN ! IN H L H L 10
A ' \
o ' NOISE LEVEL . BLACK LEVEL H L H H 1
—med w— , (Co-C3)
. ; (Da-07) (0- 15 STEP) H H L L 12
! ' (0- 15 STEP) H H L " b
H H H L 14
H H H H 15
Figure 3. Coring Characteristics
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OPERATING MODES

The Advanced Comb Filter—Il can be operated in any of
four modes. These modes are fixed by a digital code input
into MODEO and MODE1. The descriptions of the four types
of operating modes are:

Normal (fsc) Mode

This mode is for the normal Y/C separation. The video sig-
nal input to the A/D converter is separated into its Y and C
components and output as analog information from the D/A
converter outputs. The clamp circuit operates as sync tip
clamp by connecting CLoyt with Vjn, and clamps the input
video signal to the fixed value $04. The coring characteristics
of the vertical enhancer circuit can be set up on the digital
port. This mode is used when an NTSC color subcarrier is
used to generate a 4xfsc using the internal PLL.

Normal (4xfsc) Mode

This mode is for the normal Y/C separation. The video sig-
nal input to the A/D converter is separated into its Y and C
components and output as analog information from the D/A
converter outputs. The clamp circuit operates as sync tip
clamp by connecting CLoyt with Vin, and clamps the input vid-
eo signal to the fixed value $04. The coring characteristics of
the vertical enhancer circuit can be set up on the digital port.
In this mode an external 4xfsc CLK is input on the FSC pin.

Digital Input Comb Filtering Mode

In this mode, the comb filter is used as two separate
blocks; the A/D converter portion, and the filter and D/A por-
tion. This mode can re-input and filter converted digital data
outputs by the A/D converter after arbitrarily being digitally
processed by external circuits. The converted digital data
outputs into CO — C7. Moreover, the data input into DO—D7 is
filtered by the ACF-II algorithm, and is output as an analog
signal from Yoyt and Coyt. The two blocks can operate inde-
pendently with different frequency and phase clock signals.
The CLK(AD) pin is the clock input to the A/D converter block
and the CLK pin the clock source (4xfsc) for the filter and D/A
converters. At this time, the clamp circuit works as sync tip
clamp when CLgyt is connected to Vjp, and clamps the input
video signal to the internally fixed digital value ($04).

Digital Output Comb Filtering Mode

This mode outputs digital values of the luminance and
chrominance signals in addition to functioning as a standard
analog output Y/C separator. This allows arbitrary digital pro-
cessing of the filter—processed Y and C digital outputs by an
external circuit. It interfaces with an analog circuit easily,
since both analog Y and C signals are output at the same
time.

The video signal input to the A/D converter is converted to
digital data, and forwarded to the filter portion. The Y/C sepa-
rated data from the filter portion is output from Yot and Cout
after the D/A conversion. At the same time, the filter portion
output is also forwarded to the digital interface and the lumi-
nance digital value is output from CO — C7 and the chromi-
nance digital value is output from DO — D7. With this mode,
the clamp circuit works as a sync tip clamp with CLgyt
connected to Vi, and clamps the input video signal internally
to the fixed digital value ($04). This mode operates with an
external 4xfsc CLK which is input on the FSC pin.

Table 3 shows the relationship between the MODE pin and
MODE condition.

Table 3. Operating MODE Switching Function

Mode MODE1 | MODEO
Normal (fsc) Mode L L
Normal (4xfsc) Mode L H
Digital Input Comb Filtering Mode H L
Digital Output Comb Filtering Mode H H

APPLICATION DESIGN CONSIDERATIONS
Vee, GND

To maximize the performance of the MC141622, noise
should be kept to a minimum. Good printed circuit board
design will enhance the operation of the MC141622. Sepa-
rate analog and digital grounds will reduce noise and conver-
sion errors. In addition, separate filters on analog Vcc and
digital Vpp will also help to minimize noise and conversion
errors. Sufficient decoupling and short leads will also im-
prove performance.

When designing mixed analog/digital printed circuit
boards, separate ground planes for digital ground and analog
ground should be employed. Large switching currents gener-
ated by digital circuits will be amplified by analog circuitry
and can quickly make a circuit unusable. Care should be tak-
en to ensure analog ground does not inadvertently become
part of the digital ground. The analog and digital grounds
should be connected together at only one point. This is usu-
ally at or near where power enters the printed circuit board.
Additionally, when interconnecting several printed circuit
boards together, care must be taken to ensure that cabling
does not interconnect digital and analog grounds together to’
produce a path for digital switching currents through analog
ground.

When using any device with the performance and speed of
the MC141622, ground planes are essential. Loosely inter-
connected traces and/or random areas of ground strewn
around the printed circuit board are inadequate for high per-
formance circuitry. While distribution of Vpp and Vg can be
done by bussing, to do so with the ground system is
disastrous.

A 1-inch long conductor is an 18 nH inductor. The cross
sectional area of the conductor affects the exact value of the
inductance, but for most PCB traces this is approximately
correct. If the ground system is composed of traces or
clumps of ground loosely interconnected, it will be inductive.
The amount of inductance will be proportional to the length of
the conductors making up the ground. This inductance can-
not be decoupled away. It must be designed out.

A CMOS device exhibits a characteristic input capacitance
of about 10 pF. If this gate is driven by a digital signal that
switches 2.5 V in a period of 5 ns, the equation for the aver-
age current flowing during the switching time will be:

Iay = Cdv/dt.

A voltage change of 2.5 V in 5 ns requires an average cur-
rent-of 5 mA. If we assume a linear ramp starting from zero,
the total change in current will be 10 mA. The change in cur-
rent per nanosecond per gate can be found by dividing the
change in current by the time

10 mA/5 ns = 2 mA/ns.

For a device with 16 outputs driving one gate for each

output,
di/dt = 16 x 2 mA/ns = 32 mA/ns.
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If the above 1—inch wire is in this current path, then the
voltage dropped across it can be found from the formula

V = Ldi/dt = 18 nH x 32 mA/ns = 0.576 V.

If the inductor is in the ground system, it is in the signal
path. The voltage generated by the switching currents
through this inductor will be added to the signal. At best it will
be superimposed on the analog signal as unwanted noise. At
worst, it can render the entire circuit unusable. Even the digi-
tal signal path is not-immune to this type of signal. It can false
trigger clock circuits causing timing errors, confuse compara-
tor type circuits, and cause digital signals to be misinter-
preted as wrong values.

When laying out the PCB, use electrolytic capacitors of
sufficient size at the power input to the printed circuit board.
47 uF tantalum capacitors are recommended. Adding low
ESR (effective series resistance) decoupling capacitors of
about 0.1 uF capacitance across Vo and/or Vpp ateach de-
vice will help reduce noise in general and ESD (electrostatic
discharge) susceptibility. Connect the high—capacity and
high—frequency capacitors as close as possible to all analog
V¢, digital Vpp, and ground pins. Implementation of a good
ground plane ground system can all but eliminate the type of
noise described above.

To summarize, use sufficient electrolytic capacitor filtering,
make separate ground planes for analog ground and digital
ground, tie these grounds together at one and only one point,
keep the ground planes as continuous and unbroken as pos-
sible, use low ESR capacitors of about 0.1 pF capacitance
on Vcc and Vpp at each device, and keep all leads as short
as possible.

Vin

In order to prevent flyback noise on the video input, it is
necessary to keep the bandwidth to less than 1/2 the clock
frequency by using an area filter. Here the amplifier used as
an input buffer needs a wide bandwidth and driving capabili-
ty. Moreover, to minimize external noise effects, drive the Vi
pin with a low impedance amplifier and keep the Vi pin as
close as possible to the amplifier output.

When using the built—in clamp circuit, connect CLgyt with
Vin and input signals after ac coupling by using a high—
performance, high frequency capacitor of 1 to 0.1 pF. In this
case, keep the Vi, Cloyt, coupling capacitor, and buffer—
amplifier wiring as short as possible. Pay attention to the
external noise and parasitic impedance.

AD Reference Pin

The RTP and RBT pins have a self-bias function that inter-
nally generates VTp = 4.6 V and VBT = 1.55 V. It
acknowledges the AD converter analog input dynamic range.
A stable performance can be achieved by applying a high—
performance frequency capacitor as close as possible to the
RTP and RBT pins and bypassing to GND(AD). A 0.1 uF

multi-layer ceramic capacitor and a 10 uF tantarum capacitor
are recommended.

CLC

The CLC pin sets the clamp circuit speed with an external
capacitor and resistor.

Generally, the capacitor and resistor are arranged in a row
and connected with GND(AD). Select a capacitor that mini-
mizes the dielectric absorbing error. When the capacitor
capacity is reduced, the shift speed of the video signal to
VCC(AD) side is accelerated. If the resistor value is too small
at this point, sagging will appear in the video signal. Also, if
the capacitor’s capacity is too large, the clamp speed will
slow down; therefore, it is very important to pay attention to
the setup of the resistor capacitor values.

DA Reference

REF(DA) is a DA converter reference decoupling pin for
both the Yoyt and Cout. Bypass to GND(DA) by applying a
high—performance, high—frequency capacitor as close to the
pin as possible. A 0.1 uF multilayer ceramic capacitor is
recommended.

Clock Input

The clock frequency input is 3.58 MHz during normal (fsc)
mode, and 14.31818 MHz during the other modes. The mini-
mum input level is 1.0 Vp—p. It should be phase locked to the
subcarrier of the video signal.

The clock line should be wired with the shortest wire and
be separated from other circuits to minimize cross coupling
to other signals. The CLK(AD) pin is used only during digital
input comb filtering mode; therefore, it should be at GND
level unless the device is used in the digital input comb filter-
ing mode.

Ibias

The Ipjag pin is used to set up the bias current for the AD
and DA converters. Connect an external resistor between
the Ipias and GND(DA).

Digital Input Comb Filtering Mode

Connect CLK(AD) with the GND(D) when the AD convert-
er is not being used. Connect DO — D7 with GND(D), when
the DA converter and filter are not being used. This is to elim-
inate any unnecessary operation of blocks which are not be-
ing used. At this point, make sure voltage is supplied to the
VCC(AD),VCC(DA),andVCc(D). Thiseliminateslatch—-updur-
ing operating.

Latch-Up

The Vcc(AD), VeC(DA), and Vee(D) pins connect to
power supplies that are independent from each other. There-
fore, latch—up may occur when the power is applied. To elimi-

natelatch-up,applypowertoVCC(AD), VCC(DA).andVce(D)
pins simultaneously.

MC141622
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APPLICATION CIRCUIT
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EMI SUPPRESSION

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant
in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

The area which should be addressed first as a potential
EMI source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 4 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
the relief pattern is equal to half the distance between pins,
over etching and process errors may remove ground be-
tween pins. If sufficient ground around enough pins are re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-

quate values of capacitors. The value of the decoupling
capacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling
capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only onel) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequen-
cy differ sufficiently, filtering can still work.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 5. The ground must be cut
so that the digital ground for the device is isolated from the
rest of the ground system. Next choose a ferrite bead of the
appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMI is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 5. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.

The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device
generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2X pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.

MC141622
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MC141624

Product Proposal
Advanced Comb Filter-1 (ACF-I)

The Advanced Comb Filter—I is a video signal processor for VCRs and TVs.
It's function is to separate the Luminance Y and Chrominance C signal from the FU SUFFIX
NTSC composite signal. The ACF—I minimizes dot—crawl and cross—color. A ) 32— LEAD QFP
built-in PLL provides a 4xfsc clock from either an NTSC subcarrier signal or a CASE 873-01
4xfsc signal. This filter allows a video signal input of an extended frequency
bandwidth by using a 4xfsc clock. The built-in A/D and D/A converters allow
easy connection to analog video circuits.

P SUFFIX
Built-In High Speed 8-Bit Two Step A/D Converter 3gs_|_E;'{jD SDIP
One Line Memories (910 Bytes) CASE TBD

.
L]
o Advanced Comb—| Process

o Built-In Two High Speed 8-Bit D/A Converter
e Built-In 4xfsc PLL Circuit ORDERING INFORMATION
e Built-In Clamp Circuit
L]

On-Chip Reference Voltage for A/D Converter MOC141624FU  Quad Flat Pack (QFP)

MC141624SP  SDIP

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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ABSOLUTE MAXIMUM RATINGS*

Characteristic Symbol Value Unit This device contains protection circuitry to
guard against damage due to high static
DC Supply Voltage (Referenced to GND) Vce -05t0+6.0 v voltages or electric fields. However, precau-
X tions must be taken to avoid applications of any

DC Input Voltage (Referenced to GND, -15t0V 1. v
Py ge (Referenced to ) Vin StoVec+15 voltage higher than maximum rated voltages to
DC Output Voltage (Referenced to GND) Vout -05toVcc+0.5 \ this high-impedance circuit. For proper opera-

tion, Vi and Vgt should be constrained to the
range GND < (Vi or Vout) < Vee.

DC Output Current (per pin) lout +25 mA Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
GND or Vci). Unused outputs must be left
Storage Temperature Tstg —65to+ 150 °C open.

DC Input Current (per pin) lin +20 mA

Power Dissipation Pp 500 mwW

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limits in the Electrical Characteristics tables or
Pin Descriptions section.

GENERAL ELECTRICAL CHARACTERISTICS (Ve =5.0 V, TA = 25°C + 3°C, Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit Notes
Supply Voltage Vee* 4.75 5.0 5.25 \
Operating Supply Current (at Normal Mode) Icc — 50 60 mA
Operating Power Dissipation (at Normal Mode) Pp — 250 315 mwW
Ambient Operating Temperature TA -20 — 75 °C

*Vce(ap) Vee(pA) Veo(D) voltage.

CLOCK INPUT ELECTRICAL CHARACTERISTICS (Vg =5.0 V, Tp = 25°C + 3°C, Unless Otherwise Noted)

Characteristic Symbol Min Typ Max Unit | Notes
Subcarrier Input Frequency fo —_ 3.579545 — MHz 1
Clock Frequency CLK — 14.31818 — MHz
FSC Clock Input Level Vic 1 — — Vp-p 3
High Level Inﬁut Voltage CLK VICH 3.15 — — \
Low Level Input Voltage CLK VicL —_ — 1.1 \
Clock Duty Cycle CLK Dty 45 50 55 %

NOTES:
1. Color subcarrier input [FSC = (455/2)fh] locked on the burst signal of the input video signal. AC coupling input by external capacitor.
2. The internal circuit operates by four times clock using FSC—pin input at normal (FSC) mode.
3. Sine wave input.

MOTOROLA MC141624
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ADC ELECTRICAL CHARACTERISTICS (Vcc.=5.0V, Tp = 25°C £ 3°C)

Characteristic Symbol Min Typ Max Unit
Resolution . - - — 8 Bits
Integral Nonlinearity INL — +1.0 +15 LSB
Differential Nonlinearity DNL — +05 +1.0 LsB
Top Reference Level VTPs 2.4 25 2.6 \
Bottom Reference Le_vel VBTS 0.4 0.5 0.6 \'
Maximum Analog Input Range During Self Reference Vins 1.9 2.0 21 Vp-p

DIGITAL ELECTRICAL CHARACTERISTICS (Vo =5.0V, TA =25°C £ 3°C)

Characteristic Symbol Min Typ Max Unit
High Level Input Voltage TEO, TE1, BK, TBO - TB4 VIH 3.15 — — v
Low Level Input Voltage TEO, TE1, BK, TB0O - TB4 ViL — — 11 \Y
Input Leakage Current TEO, TE1, BK, TBO - TB4 linl — — +10 pA

[Vin=Vcc(p) or GND(D)]

FILTERING CHARACTERISTICS (VoG =5.0 V, T = 25°C £ 3°C)

Characteristic Symbol Min Typ Max Unit
Y/C Separation — 40 — — dB
Band-Pass Filter Bandwidth (at — 3 dB) — - +0.75 — MHz

DAC ELECTRICAL CHARACTERISTICS (Vg =5.0 V, TA = 25°C + 3°C)

Characteristic Symbol Min Typ Max Unit
Resolution — — - 8 Bits
Integral Nonlinearity INL — —_ +1 LSB
Differential Nonlinearity DNL — —_ +05 LsB
Analog Output Voltage, Yout Vyo 11 1.2 1.3 Vp-p
Analog Output Voltage, Cout Vco 1.1 1.2 1.3 Vp-p
Full Scale Voltage, Yoyt VYES 1.3 15 1.7 Vv
Full Scale Voltage, Coyt VCFs 1.3 1.5 1.7 \
Zero Scale Voltage, Yout Vyzs 0.1 0.3 0.5 \
Zero Scale Voltage, Coyt Vczs 0.1 0.3 0.5 \
Output Impedance Zo — 100 300 Q
MC141624 MOTOROLA
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ADC - DAC GENERAL CHARACTERISTICS (Vo =5.0V, T = 25°C +3°C)

Characteristic Symbol Min Typ Max Unit
Voltage Gain — ~-4.4 — dB
Output Bandwidth (at — 3 dB) 55 5.9 6.4 MHz
Differential Gain DG — — 5 %
Differential Phase DP — —_ 5 Deg
Bias Current (at Ipjag = 10 kohm) Ibias - 135 — pA
CLAMP CIRCUIT CHARACTERISTICS (Voo =5.0 V, Ta = 25°C + 3°C)
Characteristic Symbol Min Typ Max Unit
Clamp Mode Output Voltage* Velys — 0.5 — \"
* At using the internal clamp circuit when connecting Vi — CLgyt.
BK CHARACTERISTICS (Voo =5.0 V, Ta = 25°C + 3°C)
Characteristic Symbol Min Typ Max Unit
BK Switching Time, at Normal Mode — 349 — ns
GENERAL SIGNAL DELAY (Vcc =5.0V, TA =25°C £ 3°C)
Characteristic Symbol Min Typ Max Unit
Normal Mode (24.5 Clock) — 1.711 —_ us
MOTOROLA MC141624
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PIN DESCRIPTIONS

Pin Pin Name Function
1 VCOVcc Power supply for VCO.
2 BIAS Reference for VCO. Generally connected to GND(D) through an external resistor.
3 oscv VCO controlled voltage input. Generally connected to PCO through an external loop filter.
4 GND(AD) GND for D/A converter.
5 Yout Luminance signal output.
6 VDbD(DA) Power supply for D/A converter.
7 Cout Chrominance signal output.
8 REF(DA) Reference for D/A converter. Generally connected to GND(DA) through a multilayer ceramic capacitor
(0.1 uF).
9 Ibias Bias circuit current control for A/D, D/A converters. Generally connected to GND(DA) through an external
resistor.
10 RBT Bottom reference for A/D converter. Supplies bottom reference voltage intemally.
1 RTP Top reference for A/D converter. Supplies top reference voltage internally.
12 Vin A/D converter input.
13 Clout Voltage output for clamp. Clamps an input signal by connecting with Vi and inputting the video signal by
ac coupling.
14 CLC Clamp time constant setting pin.
15 GND(AD) GND for A/D converter.
16 VCC(AD) Power supply for A/D converter.
17-24 TB7-TBO Digital interface 1, input/output. Generally GND(D) level.
25 BK Non—color signal processing mode. Generally GND(D) level.
26,27 TEST1, TESTO Test mode input. Generally GND level.
28 PLLSEL CLK input mode select. PLLSEL “L™: 4*PLL operation.
29 CLKIN CLK input. ac coupling input by external capacitor. PLLSEL “L": subcarrier, PLLSEL “H”: 4*subcarrier.
30 VDD(D) Power supply for digital circuit.
31 PCout Phase comparator output.
32 GND(D) GND for digital circuit.
MC141624 MOTOROLA
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DEVICE DESCRIPTION

INTRODUCTION

The Advanced Comb Filter-1 (ACF-I) is a high—perfor-
mance HCMOS digital filter with built-in A/D and D/A con-
verters. The basic function of the chip is the separation of the
Luminance Y and Chrominance C signals from the NTSC
composite video signal. The ACF-I minimizes the problems
often generated by Y/C separation such as dot—crawl and
cross—color. It uses a 14.3 MHz clock that allows an ex-
tended frequency bandwidth video signal to be input. This
Y/C separation is realized by the digital advanced comb fil-
ters. The built—in 4xfsc PLL circuit allows a subcarrier signal
input, from which a 4xfsc clock is generated for video signal
processing. This arrangement allows a video signal input of
an extended frequency bandwidth. The built-in A/D and D/A
converters allow easy connection to analog video circuits.

DESCRIPTION

There are four major functions represented on the block
diagram. The first block is the analog-to—digital conversion
block. The high speed 8-bit binary A/D converter converts
the incoming analog video signal to an 8-bit binary data
stream. The conversion frequency is 14.3 MHz, which is four
times the color subcarrier frequency. The maximum analog
video input is 2.0 V p—p.

The fourth block is a 4xfsc CLK generator. The internal
PLL can be phase locked to an external NTSC subcarrier to
generate the necessary 4xfsc clock, or selected to process
an externally supplied 4xfsc clock.

A/D Converter

The composite video signal input is converted to the digital
code by the high speed 8-bit A/D. converter. The input volt-
age range is determined by the value of the reference volit-
age inputs, RBT and RTP. This produces a maximum
conversion value of 2.0 V p—p maximum video input signal
for VCC(AD) of 5 V. A self-bias function generating VTp =
2.5V, VBT =0.5 V can be realized by connecting the internal
A/D converter reference voltage supply with the A/D convert-
er reference pin. The sampling clock frequency of the A/D
converter is 14.3 MHz which is four times the color subcarrier
frequency.

Clamp Voltage Regulating Circuit

The clamp voltage regulating circuit sync tip clamps the in-
put signal when the Vi, pin is connected to the CLgyt pin and
the video signal is input using ac coupling. It compares the
digital value of the clamp level ($04) with the A/D converter
output code. The clamp voltage is output by the CLgyt pin.

Advanced Comb Filter-|

The Advanced Comb Filter-I is a digital comb filter devel-
oped for use in the NTSC system. The vertical correlation cir-
cuit provides high picture quality and high resolution and
requires no adjustment for its Y/C separation. The clock fre-
quency is 14.3 MHz, which is four times the NTSC subcar-
rier.

The BK pin is used to select as output either the filtered
Y/C signal or the unfiltered composite signal. Table 1 shows
the relationship of the BK pin to each output.

Table 1. BK Function

BK Pin Yout Cout
L Luminance Chrominance
H Composite Chrominance

D/A Converter

The luminance and chrominance signals separated in the
advanced comb filtering portion are converted to analog sig-
nals by two 8-bit D/A converters. The output voltage range is
from 0.3 Vto 1.5V, 1.2 Vp—p. The sampling clock of the D/A
converter is 14.3 MHz.

Clock Generation Circuit

The internal PLL can be selected to operate in either of two
modes; an X4 mode used to generate a 4xfsc clock from a
normal NTSC color subcarrier, and an X1 mode when a
4xfsc signal is available. An “L” applied to the PLLSEL pin
sets the PLL to the X4 mode and an “H” sets it to the X1
mode.

APPLICATION DESIGN CONSIDERATIONS
Ve, GND

To maximize the performance of the MC141624, noise
should be kept to a minimum. Good printed circuit board
design will enhance the operation of the MC141624. Sepa-
rate analog and digital grounds will reduce noise and conver-
sion errors. In addition, separate filters on analog Vcc and
digital Vpp will also help to minimize noise and conversion
errors. Sufficient decoupling and short leads will also im-
prove performance.

When designing mixed analog/digital printed circuit
boards, separate ground planes for digital ground and analog
ground should be employed. Large switching currents gener-
ated by digital circuits will be amplified by analog circuitry
and can quickly make a circuit unusable. Care should be tak-
en to ensure analog ground does not inadvertently become
part of the digital ground. The analog and digital grounds
should be connected together at only one point. This is usu-
ally at or near where power enters the printed circuit board.
Additionally, when interconnecting several printed circuit
boards together, care must be taken to ensure that cabling
does not interconnect digital and analog grounds together to
produce a path for digital switching currents through analog
ground.

When using any device with the performance and speed of
the MC141624, ground planes are essential. Loosely inter-
connected traces and/or random areas of ground strewn
around the printed circuit board are inadequate for high per-
formance circuitry. While distribution of Vpp and Vg can be
done by bussing, to do so with the ground system is
disastrous.

A CMOS device exhibits a characteristic input capacitance
of about 10 pF. If this gate is driven by a digital signal that
switches 2.5 V in a period of 5 ns, the equation for the aver-
age current flowing during the switching time will be:

1AV = Cdv/dt.

A voltage change of 2.5 V in 5 ns requires an average cur-
rent of 5 mA. If we assume a linear ramp starting from zero,
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the total change in current will be 10 mA. The change in cur-
rent per nanosecond per gate can be found by dividing the
change in current by the time

10 mA/5°ns = 2 mA/ns.

For a device with 16 outputs driving one gate for each
output,

di/dt = 16 x 2 mA/ns = 32 mA/ns.

If the above 1-inch wire is in this current path, then the
voltage dropped across it can be found from the formula

V = Ldi/dt = 18 nH x 32 mA/ns = 0.576 V.

If the inductor is in the ground system, it is in the signal
path. The voltage generated by the switching currents
through this inductor will be added to the signal. At best it will
be superimposed on the analog signal as unwanted noise. At
worst, it can render the entire circuit unusable. Even the digi-
tal signal path is not immune to this type of signal. It can false
trigger clock circuits causing timing errors, confuse compara-
tor type circuits, and cause digital signals to be misinter-
preted as wrong values.

When laying out the PCB, use electrolytic capacitors of
sufficient size at the power input to the printed circuit board.
47 pF tantalum-capacitors are recommended. Adding low
ESR (effective series resistance) decoupling capacitors of
about 0.1 uF capacitance across Vcc and/or Vpp ateach de-
vice will help reduce noise in general and ESD (electrostatic
discharge) susceptibility. Connect the high—capacity and
high—frequency capacitors as close as possible to all analog
V¢, digital Vpp, and ground pins. Implementation of a good
ground plane ground system can all but eliminate the type of
noise described above.

To summarize, use sufficient electrolytic capacitor filtering,
make separate ground planes for analog ground and digital
ground, tie these grounds together at one and only one point,
keep the ground planes as continuous and unbroken as pos-
sible, use low ESR capacitors of about 0.1 uF capacitance
on Vgc and Vpp at each device, and keep all leads as short
as possible.

Vin :

In order to prevent flyback noise on the video input, itis nec-
essary to keep the bandwidth to less than 1/2 the clock fre-
quency by using an area filter. Here the amplifier used as an
input buffer needs a wide bandwidth and driving capability,
Moreover, to minimize external noise effects, drive the Vjn pin
with a low impedance amplifier and keep the Vjp, pin as close
as possible to the amplifier output. )

When using the built—in clamp circuit, connect CLgyt to Vin
and input signals after ac coupling by using a high—perfor-
mance, high—frequency capacitor of 1 to 0.1 uF capacitance.
In this case, keep the Vjp, CLoyt, coupling capacitor, and buff-
er—amplifier wiring as short as possible. Pay attention to the
external noise and parasitic impedance.

AD Reference Pin

The RTP and RBT pins have a self-bias function that inter-
nally generates VTp = 4.6 V and VBT = 1.55 V. It
acknowledges the AD converter analog input dynamic range.
A stable performance can be achieved by applying a high—
performance frequency capacitor as close as possible to the
RTP and RBT pins and bypassing to GND(AD).

A 0.1 pF multi-layer ceramic capacitor and a 10 pF tanta-
lum capacitor are recommended.

CLC

The CLC pin sets the clamp circuit speed with an external
capacitor and resistor. .

Generally, the capacitor and resistor are arranged in a row
and connected with GND(AD). Select a capacitor which mini-
mizes the dielectric absorbing error. When the capacitor
capacity is reduced, the shift speed of the VCR signal to
VCC(AD) side is accelerated. When the resistor value is re-
duced, the shift speed of the VCR signal to GND(AD) is ac-
celerated. If the resistor value is too small at this point,
sagging will appear in the VCR signal. Also, if the capacitor’s
capacity is too large, the clamp speed will slow down; there-
fore, it is very important to pay attention to the setup of the
resistor value and capacity.

DA Reference

REF(DA) is a DA converter reference decoupling pin for
both the Yoyt and Coyt. Bypass to GND(DA) by applying a
high—performance frequency capacitor as close to the pin as
possible.

A 0.1 uF multi ceramic capacitor is recommended.

Clock Input

The clock frequency input is 3.58 MHz during normal (fsc)
mode, and 14.31818 MHz during the other modes. The mini-
mum input level is 1.0 Vp—p. It should be synchronized with
the input of the subcarrier of the video signal.

The clock line should be wired with the shortest wire and
be separated from other circuits so it does not have an effect
on other signals. The CLK(AD) pin is used only during digital
input comb filtering mode; therefore, it should be at GND
level except during the digital input comb filtering mode.

Ibias

The Ipjas pin is used to set up the bias current for the AD
and DA converters. Connect an external resistor between
the Ipjas and GND(DA).

Latch-Up

The VCC(AD), VCC(DA), and VoC(D) are power supplies,
independent from each other. Therefore, latch-up may occur
when the power is applied. To eliminate latch—up, apply pow-
erto VCc(AD), VCC(DA), and Vcc(D) pins simultaneously.

MC141624
2-138

MOTOROLA



APPLICATION CIRCUIT
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EMI SUPPRESSION

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant
in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

The area which should be addressed first as a potential
EMI source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 6 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
the relief pattern is equal to half the distance between pins,
over etching and process errors may remove ground be-
tween pins. If sufficient ground around enough pins are re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-

quate values of capacitors. The value of the decoupling
capacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling
capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only one!) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequen-
cy differ sufficiently, filtering can still work.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 7. The ground must be cut
so that the digital ground for the device is isolated from the
rest of the ground system. Next choose a ferrite bead of the
appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMI is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 7. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.

The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device
generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2X pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.

MC141624
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Figure 6.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information

Closed-Caption Decoder
CMOS

The MC144143 is a line-21 closed—caption decoder for use in television
receivers or set—top decoders conforming to the NTSC standard. Capability for
processing and displaying all of the latest standard line-21 closed-caption
format transmissions is included. The device requires a closed—caption
encoded composite video signal, a horizontal sync signal, and an external
keyer to produce captioned video. RGB outputs are provided, along with a
luminance and a box signal, allowing simple interface to both color and
black—and-white TV receivers.

Display storage is accomplished with an on—chip RAM. A modified ASCI|
character set, which includes several non—English characters, is decoded by an
on—chip ROM. An on-screen character appears as a white or colored dot matrix
on a black background.

Captions (video-related information) can be up to four rows appearing
anywhere on the screen and can be displayed in two modes: rollup or pop—on.
With rollup captions, the row scrolls up and new information appears at the
bottom row each time a carriage return is received. Pop—on captions work with
two memories. One memory is displayed while the other is used to accumulate
new data. A special command causes the information to be exchanged in the
two memories, thus causing the entire caption to appear at once.

When text (non-video related information) is displayed, the rows contain a
maximum of 32 characters over a black box which overwrites the screen. Eight
rows of characters are displayed in the text mode.

An on—chip processor controls the manipulation of data for storage and
display. Also controlled are the loading, addressing, and clearing of the display
RAM. The processor transfers the data received to the RAM during scan lines
21 through 42. The operation of the display RAM, character ROM, and output
logic circuits are controlled during scan lines 43 through 237. Several functions
of the MC144143 are controlled via a port which may be configured to be serial
or parallel.

o Conforms to FCC Report and Order as Amended by the Petition for
Reconsideration on Gen. Doc. 91-1.

o Supports Four Different Data Channels, Time Multiplexed Within the
Line~-21 Data Stream: Captions Utilizing Languages 1 and 2 Plus Text
Utilizing Languages 1 and 2

¢ Output Logic Provides Hardware Underline Control and ltalics Slant

Generation

Single Supply, Operating Voltage Range: 4.75 to 5.25 V

Supply Current: 20 mA (Preliminary)

Operating Temperature Range: 0 to 70°C

Composite Video Input Range: 0.7 to 1.4V p—p

Horizontal Input Polarity: Either Positive or Negative

Internal Timing and Sync Signals Derived from On—Chip VCO

e o o o o o

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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1 P SUFFIX
PLASTIC DIP
CASE 707-02
ORDERING INFORMATION
MC144143P  Plastic DIP
PIN ASSIGNMENT
ENABLE[] 1@ 18 [ LANG/SCLK
RESET[] 2 17 [1 CT/SDATA
BOX[ 3 16 [1 CONFIG
Lum( 4 151 Vbp(D)
RO 5 14 0] VbD(a)
Gl 6 13 [] FILTER
Bl 7 12 ] SLICE LEVEL
HSYNC ] 8 11 [ VIDEO IN
Vssp) [ 9 101 Vs
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BLOCK DIAGRAM

VIDEO 11 DATA SLICED DATA DATA DATA MODULATOR
N | CLAMP SLICER RECOVERY AND
DCLK r——' TRANSFER BUFFER
DATA CLK
RECOVERY
-
12
LSEI\J/%E SYNC y DISPLAY
SLICER RAM
TIMING
l COMP SYNC LOGIC COMMAND
PROCESSOR
oo | o, L 1
CHARACTER
CONTTROL RAC
HORIZONTAL
COUNTER
1 DOT CLK 5
—=R
T LS @
PHASE/ ouTPUT | 7
LOOP
HSYNC —S»|  FREQUENCY FLTER Vo TESET 2 loac —=8
DETECTOR o ] “ um
CONFIG — 8o ——
T 13 ; DECODER 3 _ sox
ENABLE — |  CONTROL —
FILTER p-
CT/SDATA ——
LANGISCLK — 2
SUPPLY CONNECTIONS:

PIN 14 = Vpp(a) = V+ FOR ANALOG SECTION
PIN 15 = Vpp(p) = V+ FOR DIGITAL SECTION
PIN 10 = Vgg(A) = GND FOR ANALOG SECTION
PIN 9 = Vgg(p) = GND FOR DIGITAL SECTION

MOTOROLA MC144143
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ABSOLUTE MAXIMUM RATINGS* (Voltages referenced to Vgg(a) and Vss(p))

This device contains protection circuitry to
guard against damage due to high static volt-
ages or electric fields. However, precautions
must be taken to avoid applications of any volt-
age higher than maximum rated voltages to

Symbol Parameter Value Unit
VbD(A) | Analog DC Supply Voltage -05t06.0 \"
Vbp(p) | Digital DC Supply Voltage -051t6.0 v
Vin DC Input Voltage, Analog Section -05t0Vpp(a) + 0.5 A"
Vin DC Input Voltage, Digital Section -0.5t0 Vpp(p) + 0.5 \
Vout | DC Output Voltage, Digital Section -0.5t0 Vpp(p) + 0.5 \"
lin DC Input 6urrent, per Pin +10 mA
lout DC Output Current, per Pin +20 mA
IDD DC Supply Current +30 mA
Pp Power Dissipation, per Package 300 mw
Tstg Storage Temperature - 6510+ 150 °C
TL Lead Temperature, 1 mm from Case for 260 °C
10 Seconds

*Maximum ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics

tables or Pin Description section.

DC ELECTRICAL CHARACTERISTICS

this high-impedance circuit.

(VDD(A) = VDD(D) = 4.75 t0 5.25 V, Tp = 0 to 70°C, voltages referenced to Vgg(p) unless otherwise indicated)

Guaranteed
Symbol Parameter Test Condition Limit Unit
VIH Minimum High—Level Input Voltage 0.7 xVpD(D) \
(HSync, Enable, CT/SData, Lang/SClk, Config, Reset)
ViL Maximum Low-Level Input Voltage 0.2xVpD(D) \
(HSync, Enable, CT/SData, Lang/SCIk, Config, Reset)
VOH Minimum High—Level Output Voltage lout=—0.75mA Vpp(p) - 04 \
(Box, Lum, R, G, B)
VoL Maximum Low-Level Output Voltage lout=1.0mA 04 \
(Box, Lum, R, G, B)
lin Maximum Input Leakage Current Vin=Vss(D) ' VDD(D) +3.0 mA
(HSync, Enable, CT/SData, Lang/SClk, Config, Reset)
IbD Maximum Power Supply Current * mA
*The estimated value is 20 mA; this is not guaranteed.
MC144143 MOTOROLA
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VIDEO AC CHARACTERISTICS (Vpp(a) = VDD(D) = 4.75 0 5.25 V, Ta = 0 to 70°C)

Guaranteed
Symbol Parameter Limit Unit
Vin Input Sensitivity, Video In 1.0Vp-p+3dB

BW Bandwidth, Video In 600 kHz
SN Signal-to—-Random-Noise Ratio (CCIR Weighted), Video In (3 1 Error per Row) 25 dB
Code Level at 1 V p—p, Video In (Note 1) 50 +10 IRE

Maximum Frequency Tolerance, HSync (Nominal Frequency = 15,734.263 Hz) +3 %

t Clock Run-—In Start (Notes 1 and 2) 10.5+0.5 ms

NOTES:
1. Line 21 must be in the proper relative position to the leading edge of the vertical sync pulse.
2. Measured from the midpoint of the leading edge of HSync to the midpoint on the rising edge of the first clock run—in cycle.

100 IRE
(REFERENCE WHITE) 4—| L—CELLWIDTH:LSMps
BoRST TTTT TTT
BURST i
a2l 11 |12
< |
ziEl || I
O
— 7 |1 13—
0IRE P |11
(BLANKING LEVEL) = NEEN (N
P |11
P11 111
40IRE ————» [T T CHARLUM=42370 s —————— T[>
BOX = 45.018 is
le— 135 us —»
35.73 us
CENTER OF ACTIVE VIDEQ ——
COMPOSITE LOW-PASS VIDEO
] MC144143
VDO "R FILTER N OUTPUTS

NOTES:
1. Timing parameters derived from the NAB Engineering Handbook, 7th Edition, page 5.4-75.
2. Dot period = 82.76 ns.
3. An assumption is made that the delay through the low—pass filter is 220 ns. Therefore, the timing of the output signals is normally set so
thatthe start of the leading box preceding the first displayable character cell occurs at 13.4 to 13.7 us after the midpoint of the leading edge
of the horizontal sync pulse at Point A. The 13.4 to 13.7 ps value may be altered via a mask option; contact your Motorola representative.

Figure 1. Timing of Output Signals Relative to Composite Video at Point A

MOTOROLA MC144143
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SERIAL INTERFACE AC CHARACTERISTICS. (Vpp(a) = VDD(D) = 4.75 t0 5.25 V, Tp = 0 t0 70°C)

Symbol Parameter Guaranteed Unit
Limit
folk Maximum Serial Data Clock Frequency (Also, refer to ty) (Figure 2) 10 MHz
tsu Minimum Setup Time, CT/SData to Lang/SClk (Figure 3) 75 ns
th Minimum Hold Time, Lang/SClk to CT/SData (Figure 3) 25 ns
tsu Minimum Setup Time, Enable to Lang/SClk (Figure 4) 175 ns
tsu Minimum Setup Time, CT/SData to Enable (Figure 6) 100 ns
th Minimum Hold Time, Enable to CT/SData (Figure 6) 100 ns
trec Minimum Recovery Time, Enable to Lang/SClk (Figure 4) 100 ns
tw Minimum Pulse Width, Lang/SClk (Figure 2) 50 ns
Cin Maximum Input Capacitance — CT/SData, Lang/SClk, Enable 10 pF
[ lw
tr [-— tr
— 35V
LANG/SCLK
— 1.0V
felk
Figure 2.
l 5k / \ — 35V
SCLK / — 1.0V
— 35V
SDATA
— 1.0V
tsu [— —> th
Figure 3.

2 — 35V
ENABLE / /-
— 1.0V
— 35V
SCLK
—_— — 1.0V

tsy —> th l—

Figure 4.
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OVERVIEW OF THE LINE-21
CLOSED CAPTION SYSTEM

THE LINE-21 CLOSED-CAPTIONING SYSTEM

The line—21 closed—captioning system provides for the
transmission of caption information and other text material as
an encoded composite data signal during the unblanked por-
tion of line 21, field 1 of the standard NTSC video signal. In
addition, a framing code is transmitted during the first half of
line 21, field 2.

The encoded composite video signal for line 21, fields 1
and 2 is shown in Figure 5. The video signal conforms to the
Standard Synchronizing Waveform for Color Transmission
given in Sub—part E, Part 73 of the FCC Rules and Regula-
tions.

Data Transmission Format

The composite data signal contained within the active por-
tion of line 21 consists of a 7—cycle sine-wave clock run—in
burst, a start bit, and 16 bits of data. These 16 bits consist of
two 8-bit alphanumeric characters formulated according to
the USA Standard Code for Information Interchange
(USASCII;x3.4-1967) with odd parity. The clock rate is
0.5035 MHz which is 32 H. The clock burst and data packet
are 50 IRE units peak—to—peak and are filtered to a “2T” re-
sponse. Data is sent with the least significant bit (bit b1) be-
ing sent first and the most significant bit (bit b8, the parity bit)
being sent last.

Multiplexed Data Channels

The line—21 closed—caption system defines four different
data channels which can be time multiplexed within the Line
21 data stream. They are Captions — Language 1 (C1),
Captions — Language 2 (C2), Text — Language 1 (T1), and
Text — Language 2 (T2). Both languages may be English in

played at one time. All the rows in each caption appear at
once, so this mode is called pop-on captions.

A secondary caption display, called rollup captions, is also
provided. In this mode, caption information is displayed in
any consecutive two, three, or four rows. Data appears in the
base row and scrolls up as new information is received. The
data scrolls off the top row selected, as in the text mode.
Rollup captions are usually used for captioning unscripted
and fast turnaround programming, such as talk shows and
news.

DATA FORMAT

The four data channels are transmitted in line 21 as a time
multiplexed data stream. The start of a particular channel's
data stream is identified by the occurrence of one of its
unique command codes. Once a unique command code is
received, all subsequent data is considered to belong to that
data channel until a unique command code is received for
another data channel.

The 7-bit ASCII table defines two types of information:
printing and non—printing. Printable data are data bytes hav-
ing values between x0100000 ($20) and x1111111 ($7F),
where x represents the parity bit. Data bytes having values
between x0000000 ($00) and x0011111 ($1F) are called
non-printing characters, because they have no displayable
character font in the standard ASCII table.

Displayable Character Set

The specifications define a modified ASCII table character
set where eight of the alpha—numeric characters have been
changed to provide some non-English characters. Also, 15
additional characters are defined by special character com-
mands. The changes in the ASCII table characters are
shown in Table 1.

Table 1. Modifications to the ASCIl Characters

N Hex ASCII Line-21
either case. Code Character Character
Text (optional) is defined as non—video related information, . B
so its display can fill the screen. In a full-screen text-mode 2A a
display, a black box 8 rows high by 34 columns wide covers 5C \ e
the screen. Text appears starting at the top with a maximum 5E i
of 32 characters per row. When all 8 rows have been used, ,
. . . Lo . 5F o
the display scrolls up as additional information is received. - ,
The MC144143 provides a reduced height text display mode 60 u
showing 8 rows of text. 78 { ¢
Captions are video—related information, so they are not 7D } N
permitted to overwrite the screen. Captions may be dis- 7E &
played anywhere on the screen. Up to four rows may be dis- =
1050+ 0.5 ps 415+ 0.1ps - 33.764 us
12910 ps 0.12ps
| T T TR TTTTTTTR
1 A A
10.076 s = o1l z{“}m{bdbé o7 Albil, Ib3= =b5=b6=b7=
! 20ps
| || IIITIlIIIII ~—20p
- A1l d Ly
12345678 91011121314151617181920212223242526
CHARACTER 1 CHARACTER 2
Figure 5. Encoded Composite Video Signal
MOTOROLA MC144143
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Fifteen additional displayable characters are sent by trans-
mitting a two—byte code. The sixteenth code provides a
transparent space. The byte pair has a non—printing charac-
ter followed by a printing character, where the non—printing
character is $11 for Language 1 and $19 for Language 2. The
printing character determines the special character font that
is displayed according to Table 2.

Commands and Special Information

Data channel commands and special information are
transmitted as two-byte pairs consisting of a non—printing
character followed by a printing character. The two bytes of
the pair must be transmitted in the same field, and the pair is
transmitted twice in successive frames. This redundancy
provides some immunity to noise errors for control informa-
tion.

Throughout the line—21 system, bit 4 of the non—printing
character identifies the language. Bit b4 = 0 signifies Lan-
guage 1 commands and b4 = 1 signifies Language 2. The
non-printing characters used in the line-21 system are $10
through $17 for Language 1 and $18 through $1F for Lan-
guage 2.

Data Channel Commands

All the data channel command codes use the non—printing
character $14 for Language 1 and $1C for Language 2. The
printing character determines the particular command func-
tion. The commands are shown in Tables 3 through 6. The
printing character is given by its hexadecimal value.

Data Location and Attribute Codes

Additional codes'are used for positioning the data on the
screen and for controlling the character attributes. There are
two location attributes, row and column (tab or indent) posi-
tion, and three character attributes, color, italics, and under-
line. All attribute information is contained in the preamble
codes (precodes) and midrow codes (midcodes).

The precodes identify the display row and character attrib-
utes for the caption data that follows. These attributes hold
for the entire line unless changed by a midcode or indent
code. All the non—printing characters, $10 through $17 for
Language 1 and $18 through $1F for Language 2 are used.
The code pair assignment for the location and character at-
tributes are given in Table 7.

The midcodes are used to change the character attributes
in the middle of a caption row. The midcode occupies a
space in the display. The characters following the midcode
are displayed with the assigned attributes. The attributes
hold until the end of the row, unless changed by another mid-
code. The indent codes listed in Table 6 actually perform in
the same manner as a midcode.

The midcodes use the non-printing characters $11 and
$19, respectively, for the two Languages. The printing char-
acter of the two—byte pair contains the character attributes as
shown in Table 8. The printing character is given by its hexa-
decimal value.

Table 2. Additions to the ASCII Characters

Print Character
30 ®
31 °
32 1/2
33 ¢
34 ™
35 ¢
36 £
37 “1/8 note” music symbol
38 a
39 “Transparent Space”
3A é
3B a
3c 8
3D T
3E 6
3F a

Table 3. Data Channel Commands — Captions

(C1orC2)
Print Function
20 Resume Caption Loading (Off Screen)
25 Resume 2-Line Rollup
26 Resume 3-Line Rollup
27 Resume 4-Line Rollup
29 Resume Direct Loading (On Screen)
2C Erase Displayed Memory
2E Erase Non-Displayed Memory
2F Show Caption (Flip Memories)

Table 4. Data Channel Commands — Text

(T1orT2)
Print Function
2A Start Text
2B Resume Text

Table 5. Data Channel Commands — Captions or Text

Print Function
21 Backspace
28 Flash On/Off
2D New Line (Carriage Return)

Table 6. Data Channel Two-Byte Commands —
Captions or Text

Command Function

1424 Delete to End of Row
17 21 Tab Offset 1 Column

1722 Tab Offset 2 Columns
1723 Tab Offset 3 Columns

MC144143
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Table 7. Code Pair Assignments for Location and Attributes

Non-print nfnlf2[15]15[16[16]17[17]0]13]18]14]14
CAPTION ROW 1128|4587 |89 (101 ]12]13 /1415
ATTRIBUTE
Monochrome 40 60 40 60 40 60 40 60 40 60 40 40 60 40 60
Mono Underline 41 | 61 | 41 [ 61 | 41 [ 61 | 41 | 61 |41 |61 | 41 | 4 61 | 41 | 61
Green 42 | 62 | 42 (62 | 42 | 62 |42 | 62 | 42 | 62 | 42 | 42 | 62 | 42 | 62
Green Underline 43 | 63 | 43 | 63 | 43 | 63 |43 | 63 | 43 | 63 | 43 | 43 | 63 | 43 | 63
Blue 44 | 64 | 44 | 64 | 44 | 64 |44 | 64 | 44 | 64 | 44 | 44 | 64 | 44 | 64
Blue Underline 45 65 45 65 45 65 45 65 45 65 45 45 65 45 65
Cyan 46 66 | 46 66 46 66 46 66 | 46 66 46 46 66 46 66
Cyan Underline 47 67 47 67 47 67 47 67 | 47 67 47 47 67 47 67
Red 48 | 68 | 48 | 68 | 48 | 68 | 48 | 68 | 48 | 68 | 48 | 48 | 68 | 48 | 68
Red Underline 49 | 69 | 49 | 69 | 49 | 69 | 49 | 69 | 49 | 69 | 49 | 49 | 69 | 49 | 69
Yellow 4A | 6A | 4A | 6A | 4A | 6A | 4A | 6A | 4A | 6A | 4A | 4A | 6A | 4A | BA
Yellow Underline 4B (6B | 4B | 6B | 4B | 6B | 4B | 6B | 4B | 6B | 4B | 4B | 6B | 4B | 6B
Magenta 4C | 6C | 4C | 6C | 4C | 6C | 4C | 6C | 4C [ 6C | 4C | 4C | 6C | 4C | 6C
Magenta Underline 4D | 6D | 4D | 6D | 4D | 6D | 4D | 6D | 4D (6D | 4D | 4D | 6D | 4D | 6D
Italics (mono) 4E | 6E | 4E | 6E | 4E | 6E | 4E | 6E | 4E | 6E | 4E | 4E | 6E | 4E | 6E
Italics Underline 4F | 6F | 4F | 6F | 4F | 6F | 4F | 6F | 4F | 6F | 4F | 4F | 6F | 4F | 6F
Indent 0 (mono) 50 | 70 | 50 | 70 | 50 | 70 | 50 | 70 | 50 | 70 | 50 | 50 | 70 | 50 | 70
Indent 0 Underline 51 71 51 7 51 7 51 71 51 71 51 51 7 51 71
Indent 4 52 72 52 72 52 72 52 72 52 72 52 52 72 52 72
Indent 4 Underline 53 | 73 | 5683 | 73 | 53 | 73 [ 63 | 73 | 53 | 73 | 53 | 53 | 73 | 53 | 73
Indent 8 54 74 | 54 74 54 74 54 74 54 74 54 54 74 54 74
Indent 8 Underline 55 | 75 | 55 | 75 | 55 | 75 [ 55 | 75 | 55 | 75 | 55 | 55 | 75 | 55 | 75
Indent 12 56 | 76 | 56 | 76 | 56 | 76 [ 56 | 76 | 56 | 76 | 56 | 56 | 76 | 56 | 76
Indent 12 Underline 57 77 57 77 57 77 57 77 57 77 57 57 77 57 77
Indent 16 58 78 58 78 58 78 58 78 58 78 58 58 78 58 78
Indent 16 Underline 59 | 79 | 589 | 79 [ 59 |79 |59 |79 |59 | 79 |59 [59 |79 | 59 | 79
Indent 20 5A | 7A | 5A | 7A | 5A | 7A | 5A [ 7A | 5A | 7A | 5A | 5A | 7A | 5A | 7A
Indent 20 Underline 5B | 7B 5B | 7B [ 5B | 7B | 5B [ 7B | 5B | 7B | 5B | 5B | 7B | 5B | 7B
Indent 24 5C | 7C | 5C | 7C | 5C | 7C | 5C | 7C | 5C | 7C | 5C | 5C | 7C | 5C | 7C
Indent 24 Underline 5D | 7D {5D | 7D | 5D | 7D | 5D | 7D | 5D { 7D | 5D { 5D | 7D | 5D | 7D
Indent 28 SE | 7E | 5E | 7E | 5E | 7E | 5E | 7E | 5E | 7E | 5E | 5E | 7E | 5E | 7E
Indent 28 Underline SF | 7F | 6F | 7F | 5F | 7F | 5F | 7F | 5F | 7F | 5F | 5F | 7F | 5F | 7F

Table 8. Midcode Assignment
Print Character Attribute
20 Monochrome
21 Monochrome Underlined
22 Green
23 Green Underlined
24 Blue
25 Blue Underlined
26 Cyan
27 Cyan Underlined
28 Red
29 Red Underlined
2A Yellow
2B Yellow Underlined
2C Magenta
2D Magenta Underlined
2E Italics
2F Italics Underlined
MOTOROLA MC144143
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OPERATING CHARACTERISTICS

DISPLAY FORMAT

Characters are displayed as white or colored, dot-matrix
characters on a black background. The characters are de-
scribed by a 6-by-9 dot pattern within a character cell which
is 8 dots wide by 13 dots high. This provides a one—dot bor-
der of black around each character and provision for one row
for underline, offset by a row of black, between the character
and the bottom edge of the cell. Character luminance has
normally been set at 90 IRE units and the surrounding black
box at 10 IRE units.

The Character ROM contains a 12—18 dot-matrix pattern
of each character. Each dot from the character ROM repre-
sents a single picture element or ‘pixel’ and each picture ‘dot’
is made up of a square of four pixels. Pixels 1 and 2 are gen-
erated during field one and pixels 3 and 4 during field two.
Alternate rows and columns are read out of each field to pro-
duce an interleaved and rounded character. A display row
contains a maximum of 32 characters plus a leading and
trailing blank box, each a character cell in width, making the
overall width of a display row 34 x 8 = 272 dots. Successive
display rows are butted together, so that the total display is
195 dots high.

The black box (34 character cells wide by 195 dots high)
results in a box size of 45.018 ms in width by 195 TV scan
lines in height. A scan line is two adjacent picture lines. The
first line is generated during field 1 and the second line is
generated during field 2. When centered in the video display,
this box starts 13.5 ms after the leading edge of H in scan
line 43 and extends to scan line 237. This places the display
approximately within the safe title area for NTSC receivers.
Character width is 42.37 ms and is approximately centered
on the screen, resulting in a leading and trailing 1.32 ms
black border.

Text Mode Display

When text mode, in either language, has been selected
(and valid line 21 code has been detected in the incoming
video), an 8-row by 34—character black box appears. Re-
ceived text characters are displayed as they are received
starting in the top row. Successive carriage returns (new line
command) move the display down successive rows until 8
display rows have been used. Thereafter, the text scrolls up
as new characters are added to the bottom row.

If the data for the selected channel is interrupted by a com-
mand for another channel, data processing stops but the dis-
play remains. When a resume text command is received,
data processing resumes and the new characters are added
starting at the position that the display row/column pointer
was in at the interruption of data processing. If a start text
command is received, the display is cleared and new charac-
ters are displayed starting in the top row, column 1 (left side).

When scrolling, the display shifts one scan line per frame
until a complete row has been scrolled. If a carriage return is
received before scrolling is complete, the display immediate-
ly completes the “scroll” by jumping up the remaining scan
lines and starts displaying the new text.

There are never any transparent boxes in the text display.

Caption Mode Display

When caption mode, in either language, has been se-
lected, the screen is transparent (display box disappears).
Caption data can appear in any of the 15 display rows, but a

single caption may consist of no more than 4 rows. If more
than four rows are received, the last four are displayed. The
form of the caption display depends on the caption mode in-
dicated by the transmitted caption command, pop—on, paint-
on, or rollup.

Pop—on captions work with two caption memories. One of
them is always being displayed while the other is being used
to accumulate new caption data. A new caption is popped—
on by swapping the two memories (the show caption com-
mand). When the on—screen memory is erased, the screen is
blank (transparent) and the memory defaults to the row/col-
umn pointer at row 1, column 1 and monochrome non—-un-
derlined. .

When caption mode is selected, the decoder processes
any data following the resume caption loading (RCL)
command (or the show caption command). Normally, this
command is followed by a precode to indicate the row,
column, and character attributes to be used with the follow-
ing data. If no precode is received, the data is added to the
location last indicated by the row/column pointer prior to the
receipt of the RCL command with the character attributes
previously assigned.

Paint-on caption mode is essentially equivalent to the
pop—on mode except that the data received after the resume
direct loading (RDL) command is written to the on—screen
memory rather than the off-screen memory. All the rules for
precodes, midcodes, etc. are otherwise the same.

Rollup caption mode presents a text-like display that is
limited to 2, 3, or 4 rows depending on the resume rollup
(RRn) command used. The precode following the RRn com-
mand is used to indicate the base row for the rollup display.
The base row is the bottom row for the rollup display. In this
case, the black box does not appear until characters are
being displayed and the box is only wide enough to provide a
leading and trailing box in each line. The new data appears in
the bottom row, and as each carriage return is received, the
row scrolls up and the new data is added to the bottom.
When the number of rows indicated by the resume command
has been reached, the data in the top row scrolls off as new
data is added to the bottom.

The tab (indent) precode permits placing captions starting
at four character boundaries. The tab offset command pro-
vides the means for adjusting the starting position for a cap-
tion at any column position.

Display Erase and Autoblanking

The display is erased in the text mode by the start text
command (but the box is maintained) and in the caption
mode by the erase displayed memory command. The non—
displayed memory can be erased by the erase non—dis-
played memory command.

Four other events can also cause the display to be erased.
First, changing the data channel to be processed by switch-
ing between captions and text or between languages 1 and 2
clears the memory and hence the display. Second, if the au-
toblanking circuit is activated by the loss of valid code, then
the display is turned off and the memory cleared. Third, the
memory and display are cleared when loss of vertical lock is
detected, which normally occurs on a change of channel.
Last, in the caption mode only, if no valid caption command in
the selected language is received for a 16-second period,
the on-screen memory is erased.

The autoblanking circuit maintains the status of the pres-
ence of valid data. The decoder is held in the decoder off
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(TV) state until valid data is continuously detected for a peri-
od of 0.5 second. Once the valid data decision has been
made, and assuming that the user has enabled the outputs,
the normal display for the data channel selected is pres-
ented.

The autoblanking circuit does not activate again until valid
data has been lost for 1.5 seconds. Any valid data received
during the 1.5 second period resets the counter so that
autoblanking activates only on continuous loss of data for
1.5 seconds.

Decoder Control Interface

The device allows either of two control modes: parallel or
serial. The parallel mode permits the control of the decoder
functions by means of simple switch selections on the three
control inputs. In the serial control mode, these three pins are
configured to allow a serial stream. The decoder’s functions
are controlled by clocking in a data word via this serial port.

VIDEO INPUT SIGNAL PROCESSING

The composite video input is ac coupled to the IC where
the sync tip is internally clamped to a fixed reference voltage.
Initially, the signal is clamped using a simple clamp, but im-
proved impulse noise performance is achieved once the
internal sync circuits lock to the incoming signal. Noise rejec-
tion is obtained by making the clamp operative only during
the sync tip. The clamped composite video signal is fed to
both the data slicer and sync slicer blocks. An external
capacitor stores the slice level.

The data slicer generates a clean CMOS-level data signal
by slicing the signal at its midpoint. The slice level is estab-
lished on an adaptive basis during line 21 of the odd field.
The resultant value is stored until the next odd field line 21
begins. A high level of noise immunity is achieved by using
this process.

The data clock recovery circuit produces a 32 H clock sig-
nal Data Clock (DCIk) that is locked in phase to the sliced
clock run—in burst obtained from the data slicer. The dot
clock is locked in phase with HSync but the DCIk phase is not
determined until the occurrence of line 21 data. When line 21
code appears, DCIk phase lock is achieved during the clock
run-in burst and used to reclock the sliced data. Once phase
lock is established, it is maintained until a change in video
signal occurs.

TIMING AND SYNCHRONIZING CIRCUITS

All internal timing and synchronizing signals are derived
from the on board 12.083 MHz VCO. Its output is the Dot Clk
signal used to drive the horizontal and vertical counter chains
and for display timing.

The horizontal counter is a divide-by—768 circuit with inter-
mediate outputs needed to generate the timing logic signals
used in data recovery and data output (display). It produces
pulse signals at H, 2 H, 32 H and 48 H rates as well as the
horizontal square wave, Q768, that is used to phase lock the
VCO.

The vertical counter and control circuits produce a noise
free vertical pulse by dividing the horizontal signal in a 525
counter. The internal synchronizing signals are phased up
with the incoming video by comparing the internally gener-
ated vertical pulse to an input vertical pulse derived from the
comp sync signal provided by the sync slicer. When proper
phasing has been established, this circuit outputs the lock

signal which is used to provide additional-noise immunity to
the slicing circuits.

The locked state is established only after several suc-
cessive fields have occurred in which these two vertical
pulses remain in sync. Once locked, the internal timing fly-
wheels until such time as the two vertical pulses lose coinci-
dence for a number of consecutive fields. Until lock is
established, the decoder operates on a pulse-by—puise
basis.

The internal sync circuits lock to all 525 line signals having
a vertical sync pulse that meets all of the following condi-
tions: (1) the pulse is at least 2.5 H long, (2) the pulse starts
at the proper 2 H boundary for its field, and (3) if equalizing
pulse serrations are present, they must be less than 0.125 H
in width.

DATA RECOVERY

The data recovery circuits perform the initial processing of
the data in line 21. The sliced data is reclocked using Clk and
the reclocked data stream is checked for the presence of
valid data. When valid data is present, the two bytes are
clocked into the serial/parallel register and output in parallel
form.

This block checks the bytes for valid (odd) parity, and
determines whether the recovered byte pair is a repeat of the
previously received byte pair. That information is used with
the redundancy flag in the command processor to determine
whether the command should be executed or not.

COMMAND PROCESSOR

The command processor controls the manipulation of the
data for storage and display. This processor decodes the
three control inputs to determine the display status desired
and the data channel selected. This information is then used
to perform its most important function, the control of the load-
ing, addressing, and clearing of the display RAM.

During data recovery time (TV lines 21-42), the command
processor transfers only the data received for the data chan-
nel selected to the RAM for storage and display. In those
cases such as special characters, midcodes, parity errors,
etc. where the data stored or action to be taken is different
from the specific bytes received, the command processor
converts the input data to the appropriate form.

During the display time (lines 43—237), the command pro-
cessor controls the operations of the display RAM, character
ROM, and output logic circuits.

MEMORY AND DISPLAY CIRCUITS

These circuits operate together to generate the output col-
or signals R, G, B and the monochrome signals Luminance
and Box. The character ROM contains the dot pattern for all
the characters, but not the underline characteristic. The out-
put logic provides the hardware underline control circuits and
the italics slant generator. The smooth scroll display control
is also performed in the output logic block.

DECODER CONTROL CIRCUIT

The control circuit block converts the signals provided at
the three control pins into internal control signals required to
establish the operating mode of the device. The Config pin
determines whether the port in is parallel or serial mode.

In parallel mode (pin 16 Config pin = high), the three con-
trol pins 1, 17, 18 perform the decoder control functions of
Decoder On/Off, Caption/Text select and Lang1/Lang2
select respectively.
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In serial mode (pin 16 Config pin = low), the control pins 1,
17, 18 perform the functions Enable, Serial Data, and Serial
Clock. Each control word consists of 8 data bits, D0O-D7, and
a status bit AO. In the serial mode, two registers are acces-
sible for software control of the decoder. These are the Con-
trol register and the Shift register. The bit definitions for these
registers are given in Table 9.

Table 9. Input Data Bit Assignment for Serial Mode

Control
Bit Register Shift Register
DO | Must Be Low Must Be Low

D1 | Output Enable
D2 | Must Be Low

Language Select: Low = 2, High =1
CT Select: Low = Text, High = Captions

D3 | Must Be Low Must Be Low
D4 | Must Be Low Must Be Low
D5 | Must Be Low Must Be Low

D6 | Reset Processor | Must Be Low
D7 | Chip Reset Must Be Low
AO | Must Be Low Flag (serial status)

NOTE: Operation of Field 2 (even field of line 21) is the same as Field
1 (odd field of line 21)

The Control register is used to enable the outputs (De-
coder On/Off) and to reset the MC144143. To write to the
Control register, AO and all serial data bits marked low must
be set to 0. To reset the MC144143, clock in the data with
Bits D6 and D7 set to 1. Then clock in the data with D6 and
D7 set to 0. To enable the outputs, clock in data with Bit D1
set to 1, and all other bits set to 0. To disable the outputs,
clock in data with all bits set to 0.

The Shift register is used to control the Data Channel and
field to be processed by the decoder. To write to the Shift reg-
ister, AO must be set to 0, and all serial data bits marked low
must be set to 0. The D1 and D2 bits are then used to control
the Language 1 or 2 and Captions or Text selection. The D3
bit controls the field selection. All other bits must be set to 0.
Bit D1=1 sets the language select bit to Language 2. Bit
D2=1 enables the outputs to recover Captions and D2=0
enables Text recovery.

PIN DESCRIPTIONS

INPUTS
Video In
Composite NTSC Video Input (Pin 11)

This pin should be driven by an emitter follower through a
0.1 mF capacitor. The signal must be band limited to
600 kHz; a single—pole, low—pass filter may be used, as
shown in Figure 7. The input level must be a nominal value of
1V p—p. The polarity is sync tips negative.

HSync
Horizontal Sync Input (Pin 8)

This signal pulls the on—chip dot—clock VCO within the
proper range. The circuit uses the frequency of HSync, not
the phase. Therefore, any polarity may be used. This signal
must be at CMOS voltage levels, and is usually derived from

the H flyback pulse. The MC144143 requires that the HSync
signal be continuous.

Reset
Active-Low Master Reset (Pin 2)

When this pin is taken to a low CMOS logic level (0), the
device is reset when in the parallel mode (Config = high).
Pin 2 may be tied high when in the serial mode (Config = low)
if reset is to be performed through the serial port. To assure a
valid reset, care should be taken to make sure reset does not
occur until the Vpp power supply has fully ramped up. If an
RC reset circuit is used, the time constant of RC should be
made greater than the time for Vpp to ramp up.

Config
Configure Input for the Control Port (Pin 16)

When this input is at a high CMOS logic level (1), the port
is configured in the parallel mode and control must be pro-
vided in parallel. When low, control must be provided as a
serial stream.

Enable
(Pin 1)

Parallel Mode: Decoder Display Control Input. When
this pin is at a high CMOS logic level (1), the outputs are
enabled. When this pin is at a low CMOS logic level (0), the
R, G, B, Luminance, and Box outputs are disabled, but
incoming data is still processed. The disabled output state is
an inactive (low) level.

Serial Mode: Active-High Enable Input. This pin con-
trols the serial port. When the Enable pin is low, the serial
interface is disabled and the SData pin is in the high—-imped-
ance state. On the low-to-high transition of Enable, the state
of the flag is output on the bidirectional SData pin. The En-
able pin must remain high for the duration of the data trans-
fer. After the data stream is sent, this pin must be returned to
the low logic level. See Figure 6.

CT/SData
(Pin 17)

Parallel Mode: Captions or Text Data—Channel Selec-
tor Input. When this pin is at a high CMOS logic level (1),
captions are processed. A low CMOS logic level (0) causes
text to be processed.

Serial Mode: Serial Data Input/Output. See Figure 6.
Note that on the low—to—high transition of Enable, the bidirec-
tional SData pin is an output. Then, on the first high—-to—low
transition of SCIk, the SData pin becomes an input. The
serial input data stream consists of eight data bits (DO
through D7) and one address bit (A0). Bit AO determines
whether the eight data bits remain in the shift register or
whether the bits are transferred into a control register. If AO is
low, the contents of the input shift register are transferred to
a control register when the Enable pin is brought low. If A0 is
high, the bits remain in the shift register, and a flag is set.
This flag indicates to the command processor that the shift
register should be serviced. After servicing is performed, the
command processor clears the flag. Reference Table 9.
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Figure 6. Timing Diagram for Serial Mode (Config = Low)

Lang/SClk
(Pin 18)

Parallel Mode: Language Data-Channel Selector In-
put. When this pin is at a high CMOS logic level (1), lan-
guage 1 is processed. A low CMOS logic level (0) causes
language 2 to be processed.

Serial Mode: Serial Clock Input. Nine clock cycles are
required for each serial transfer. Data is shifted in on the low—
to-high transition of SCIk. See Figure 6.

OUTPUTS
Box
Black Box Keying Output (Pin 3)

This digital output is at CMOS levels and is active high.
The black box keying signal for the captions/text display area
is used for both color and monochrome (black and white)
television.

Lum
Character Video Luminance Output (Pin 4)

This digital output is at CMOS levels and is active high.
This signal determines the character brightness and is used
for monochrome (black and white) television, only. If unused,
this pin must be floated.

R,G,B
Red, Green, and Blue Video Outputs (Pins 5, 6, 7)

These digital outputs are at CMOS logic levels and are
active high. These character video signals are for color tele-
vision only. If unused, these pins must be floated.

EXTERNAL COMPONENTS
Slice Level
Sink Slice Level (Pin 12)
A 0.1 mF capacitor must be tied between this pin and ana-

log ground, Vgg(A). The capacitor is used to store the sync
slice level voltage.

Filter
Loop Filter (Pin 13)

A low—pass filter consisting of a series resistor—capacitor
of 5 kW and 0.082 mF must be tied between this pin and ana-
log ground VS g(A). This filter must be shunted with a 2200 pF
capacitor. This network is used to integrate the output of the
on—chip phase/frequency detector which feeds the on—chip
VCO.

POWER SUPPLY
VDD(A)
Most Positive Supply Potential (Pin 14)

Most Positive Supply Potential for the analog section of the
device. The voltage on this pin may range from + 4.75 to
+ 5.25 V with respect to the Vgg pins. For optimum perfor-
mance, VpD(A)shouldbebypassedtoVgg(A)usingalow—in-
ductance capacitor mounted very close to these pins.

VDD(D)
Most Positive Supply Potential (Pin 15)

Most Positive Supply Potential for the digital portion of the
device. The voltage on this pin may range from + 4.75 to
+ 5.25 V with respect to the Vgg pins. For optimum perfor-
mance, Vpp(D)shouldbebypassedto Vgg(p)usingalow-in-
ductance capacitor mounted very close to these pins.

Vssun
Most Negative Supply Potential (Pin 10)

Most Negative Supply Potential for the analog section of
the device. This pin must be tied to ground.

VSS(?‘)
Most Negative Supply Potential (Pin 9)

Most Negative Supply Potential for the digital section of
the device. This pin must be tied to ground.
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APPLICATIONS INFORMATION

PCB DESIGN

To maximize the performance of the MC144143, noise
should be kept to a minimum. Good printed circuit board de-
sign will enhance the operation of the MC144143. Separate
analog and digital grounds will reduce noise and decoding
errors. Inaddition, separatefilters on Vpp(a) and Vpp (D) will
also help to minimize noise and decoding errors. Sufficient
decoupling and short leads will also improve performance.

When designing mixed analog/digital printed circuit
boards, separate ground planes for digital ground and analog
ground should be employed. Large switching currents gener-
ated by digital circuits will be amplified by analog circuitry
and can quickly make a circuit unusable. Digital oscillators
can become a source of EMI (electromagnetic interference)
problems. Care should be taken to ensure analog ground
does not inadvertently become part of the digital ground. The
analog and digital grounds should be connected together at
only one point. This should be the Vpp(A) and VDp(D) pins
on the MC144143 if possible. Additionally, when intercon-
necting several printed circuit boards together, care must be
taken to ensure cabling does not interconnect digital and
analog grounds together to produce a path for digital switch-
ing currents through analog ground.

When using any device that combines digital and analog
circuitry, such as the MC144143, ground planes are desir-
able. Loosely interconnected traces and/or random areas of
ground strewn around the printed circuit board are inade-
quate for high performance circuitry. While distribution of
VDD(A)andVpD(D)canbe donebybussing, to dosowiththe
ground system is disastrous. Stray ground inductance can
increase radiation and make EM! suppression very difficult.

A 1-inch long conductor is an 18 nH inductor. The cross
sectional area of the conductor affects the exact value of the
inductance, but for most PCB traces this is approximately
correct. If the ground system is composed of traces or
clumps of ground loosely interconnected, it will be inductive.
The amount of inductance will be proportional to the length of
the conductors making up the ground. This inductance can-
not be decoupled away. It must be designed out.

A CMOS device exhibits a characteristic input capacitance
of about 10 pF. If this gate is driven by a digital signal that
switches 2.5 V in a_period of 5 ns, the equation for the aver-
age current flowing during the switching time will be:

Ay = Cdv/dt.

A voltage change of 2.5 V in 5 ns requires an average cur-
rent of 5 mA. If we assume a linear ramp starting from zero,
the total change in current will be 10 mA. The change in cur-
rent per nanosecond per gate can be found by dividing the
change in current by the time

10 mA/5 ns = 2 mA/ns.

For a device with outputs driving one gate for each output,

di/dt = 16 x 2 mA/ns = 32 mA/ns.

If the above 1-inch wire is in this current path, then the
voltage dropped across it can be found from the formula

v = Ldi/dt = 18 nH x 32 mA/ns = 0.576 V.

If the inductor is in the ground system, it is in the signal

path. The voltage generated by the switching currents

through this inductor will be added to the signal. At best it will
be superimposed on the analog signal as unwanted noise. At

worst, it can render the entire circuit unusable. Even the digi-
tal signal path is not immune to this type of signal. It can false
trigger clock circuits causing timing errors, confuse compara-
tor type circuits, and cause digital signals to be misinter-
preted as wrong values.

When laying out the PCB, use electrolytic capacitors of
sufficient size at the power input to the printed circuit board.
Adding low ESR (effective series resistance) decoupling
capacitors of about 0.1 mF capacitance between Vpp(A) and
ground and Vpp(D) and ground at the device power pins will
help reduce noise in general, and also reduce EMI and ESD
(electrostatic discharge) susceptibility. Implementation of a
good ground plane ground system can all but eliminate the
type of noise described above.

To summarize, use sufficient electrolytic capacitor filtering,
make separate ground planes for analog ground and digital
ground, tie these grounds together at one and only one point,
keep the ground planes as continuous and unbroken as pos-
sible, use low ESR capacitors of about 0.1 mF capacitance
on VDD(A) and Vpp(D) at each device, and keep all leads as
short as possible.

EMI SUPPRESSION

When using ICs in or near television receiver circuits, EMI
(electromagnetic interference) and subsequent unwanted
display artifacts and distortion are probable unless adequate
EMI suppression is implemented. A common misconception
is that some offending digital device is the culprit. This is er-
roneous in that an IC itself has insufficient surface area to
produce sufficient radiation. The device, while it is the gener-
ator of interfering signals, must be coupled to an antenna be-
fore EMI is radiated. The source for the EMI is not the IC
which generates the offending signals but rather the circuitry
which is attached to the IC.

Potential EMI signals are generated by all digital devices.
Whether they become a nuisance is dependent upon their
frequency and whether they have a sufficient antenna. The
frequency and number of these signals is affected by both
circuit design within the IC and the manufacturing process.
Device speed is also a major contributor of potential EMI. be-
cause the design is determined by the anticipated applica-
tion, the manufacturing process is fixed and the drive for
speed ever increasing, the only effective point to implement
EMI suppression is in the PC board design. The PC board
usually is the antenna which radiates the EMI. The most effi-
cient method of minimizing EMI radiation is to minimize the
efficiency of this antenna.

The most common cause of inadequate EMI suppression
lies with the ground system of the suspected digital devices.
As pointed out previously, di/dt transitions can be significant
in digital circuits. If the di/dt transitions appear in the ground
system and the ground system is inductive, the harmonics
present in these transitions are a source of potential EMI sig-
nals. The unfortunate result of putting digital devices on a
reactive ground system is guaranteed EMI problems.

The area which should be addressed first as a potential
EMI source is the ground. Without an adequate ground sys-
tem, EMI cannot be effectively reduced by decoupling. If at
all possible, the ground should be a complete unbroken
plane. Figure 7 shows two examples of relieving ground
around device pins. When relieving vias and plated through
holes, large areas of ground loss should be avoided. When
the relief pattern is equal to half the distance between pins,
over etching and process errors may remove ground be-
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tween pins. If sufficient ground around enough pins are re-
moved, the ground system can become isolated or nearly
isolated “patches” which will appear inductive. If ground,
such as the vicinity of an IC, must be removed, replace with
a cross hatch of ground lines with the mesh as small as pos-
sible.

If a single unbroken plane can be devoted to the ground
system, EMI can usually be sufficiently suppressed by using
ferrite beads on suspect EMI paths and decoupling with ade-
quate values of capacitors. The value of the decoupling
capacitor depends on the frequency and amplitude of the
offending signals. Ferrite beads are available in a wide vari-
ety of shape, size and material to fit virtually any application.

Choose a ferrite bead for desired impedance at the de-
sired frequency and construct a low pass filter using one or
more appropriate capacitors in a “L”, “T” or “PI” arrangement.
Use only capacitors of low inductive and resistive properties
such as ceramic or mica. Install filters in series with each IC
pin suspected of contributing offending EMI signals and as
close to the pin as possible. Analysis using a spectrum ana-
lyzer can help determine which pins are suspect.

Where PC board costs constrain the number of layers
available, and if the EMI frequencies are far removed from
the frequencies of operation, ferrite beads and decoupling
capacitors may still be effective in reducing EMI emissions.
Where only two (or in some cases, only one!) layer is used,
the ground system is always reactive and poses an EMI
problem. If the offending EMI and normal operating frequen-
cy differ sufficiently, filtering can still work.

An “island” is constructed in the ground system for the digi-
tal device using ferrite beads and decoupling capacitors as
shown by the example in Figure 8. The ground must be cut
so that the digital ground for the device is isolated from the
rest of the ground system. Next choose a ferrite bead of the
appropriate value. Install this bead between the isolated
ground and the ground system. Install low pass filters in all
suspect lines with the capacitor closest to the device pin con-
nected to the isolated ground in all signal lines where EMI is
suspect. Also cut the power to the device and insert a ferrite
bead as shown in Figure 8. Finally, decouple the device be-
tween the power pin(s) and isolated ground pin(s) using a
low inductive/resistive capacitor of adequate value.

The methods described above will work acceptably when
the EMI frequency and the frequency of operation of the de-
vice generating the EMI differ greatly. Where the EMI is dis-
turbing the high VHF or UHF channels and the device

generating the EMI is operating within the NTSC/PAL band-
width, the energy contained in the harmonics generating the
EMLI is situated well above the operating frequency and
suppressing this type of EMI poses no great problem. How-
ever, if the EMI is present on low VHF channels and/or the
operation of the device is outside the NTSC/PAL bandwidth,
such as a 2X pixel clock or 4xfsc oscillator, compromise be-
tween video quality and suppression complexity is usually re-
quired to obtain an acceptable solution. For those cases
where the operating frequency of the device is very near the
frequency of the EMI disturbance, careful attention to PCB
layout, multiple layer PCB and even shielding may be neces-
sary to obtain an acceptable design.

APPLICATIONS CIRCUIT

Figure 9 shows a typical decoder circuit using a parallel
configuration of the input port. The video output is monochro-
matic using the Luminance pin as an output. Video switching
control is obtained from the Box pin output. Similar tech-
niques can be employed when using the RGB outputs.

The Video Buffers shown can be of any typical design. A
gain of one is needed with sufficiently low impedance to drive
the video input to the MC144143 and the video switch. The
input impedance for the video switch is dependent on the de-
sign of the Video Line Driver and the input impedance for the
MC144143 should be considered as 470 ohms. In either
case an MC14576C or MC14577C can be used to construct
the buffer, or if proper low impedance design is employed, a
discrete transistor buffer amplifier can be used. When using
ac coupling, dc restoration is necessary for the video buffers.
This can be a simple RC network or a more complicated im-
plementation depending on the needs of the application.

An MC14576C or MC14577C is recommended for the
Video Line Driver. These devices are low impedance oper-
ational amplifiers capable of driving 150 ohms, giving them
the capability of driving a doubly terminated 75 ohm trans-
mission line.

The video switch is a fast CMOS analog switch capable of
switching on a per—pixel basis. An MC74HC4053 or
MC74HC4066 can be used for video switching. If a single—
pole, single-throw switch such as the MC74HC4066 is used,
then an inverter is necessary for constructing the double—
throw operation necessary for the video switch. This can be a
common CMOS inverter. If a single—pole, double—throw ana-
log switch such as the MC74HC4053 is used, an inverter is
unnecessary.
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LOOP FILTER CALCULATION

This section is not intended as complete loop theory; its
aim is merely to point out the peculiarities of the loop, and
provide the user with enough information for the filter com-
ponents selection. For a more in—depth covering, the cited
references should be consulted, especially [1].

The following remarks apply to the loop:

The loop frequency is 15 kHz.

In spite of the sampled nature of the loop, a continuous time
approximation is possible if the loop bandwidth is sufficient-
ly smail.

Ripple on Vc is a function of loop bandwidth.

The loop is a type ||, 3rd order; however, since C2 is small,
the pole it creates is far removed from the low frequency
dominant poles, and the loop can be analyzed as a 2nd
order loop.

.

These remarks apply to the PFD:
¢ Phase and frequency sensitive.
¢ Independent of duty cycle.
¢ PFD has 3 allowed states: up, down, high—-Z.
e The VCO is always pulled in the right direction (during ac-
quisition).
¢ PFD gain is higher near lock.
The last two remarks imply that only the higher value need
be taken into account, as acquisition will be slower, but
always in the proper direction, whereas the higher gain will

enter into the action as soon as the error reaches * 2m.
The following values are selected and defined:

C2 = C/10 or less, to satisfy the requirement that the

effect of C2 on the low frequency response of the loop
be minimal, and similar to a second order loop.

{ = 0.707 for the damping factor.

i= 15625 e 21 the input pulsation.

7 =RC as the loop filter.

K =Ko e Ip e R/(2 e Tt e N) the loop gain.

K’ =K o T =4 {2 is the ‘normalized’ loop gain.
Ko = 49 « 106 [rad/Vs] (7.8 MHz/V).

Stability analysis, with C2 < C/10 and K’ = 2 (= 0.707)
gives a minimum value of 7.5 for the ration /K and to have
some margin, a reasonable value can be 15 to 20 or higher
(11

Selecting i/K = 20, gives: K =i/20 =~ 5000.
With K’ =2, 1= 2/K = 400 ps.

Using K= Ko e Ip ¢ R/(2 ¢ w e N) and setting
Ip = 120 pA, and N an average value of 1000,
we get R=5.1 kQ.

Then for T = 400 pus, C becomes 82 nF and C2, 3.3 nF for
C2=C/25.

With these values, the loop natural frequency (n) and the
loop bandwidth (3 dB) can be calculated:

n = [(Ko/N) e Ip/(2rC)]1/2 = 3400 and fn = 3400/2x
=540 Hz.

3dB =2 en=1080 Hz (valid if { is close to 0.707).
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SEMICONDUCTOR TECHNICAL DATA

MC144144

Advance Information
Enhanced Closed-Caption

Decoder
CMOS
18
The MC144144 is a line-21 closed—caption decoder for use in television 1
receivers or set-top decoders conforming to the NTSC standard. Capability for PfAzl;rg'DXIP
processing and displaying all of the latest standard line-21 closed—caption CASE 707-02

format transmissions is included. The device requires a closed—caption
encoded composite video signal, a horizontal sync signal, and an external ORDERING INFORMATION
keyer to produce captioned video. RGB and box signal outputs are provided,
which along with the mode select, allow simple interfacing to either color or
black—and—white TV receivers.

Display storage is accomplished with an on—chip RAM. A modified ASCII
character set, which includes several non—English characters, is decoded by an

MC144144P Plastic DIP

on—chip ROM. An on-screen character appears as a white or colored dot matrix PIN ASSIGNMENT
on a black background.

Captions (video—related information) can be up to four rows appearing vssll 1¢ 18 [] ReD
anywhere on the screen and can be displayed in two modes: rollup or pop—on. GREEN[| 2 17 {1 BOX
With rollup captions, the row scrolls up and new information appears at the BLUEQ 3 160 spo
bottom row each time a carriage return is received. Pop—on captions work with
two memories. One memory is displayed while the other is used to accumulate SENT] 4 151 scK
new data. A special command causes the information to be exchanged in the HINT] 5 14 [] SDA
two memories, thus causing the entire caption to appear at once.

When text (non—video reglated informat?on) is disglayed, the rows contain a sws( 6 131 Vin/NTRO
maximum of 32 characters over a black box which overwrites the screen. Eight VIDEO[ 7 121 vpp
rows of characters are displayed in the text mode. csynel 8 111 vgg

An on—chip processor controls the manipulation of data for storage and §
display. Also controlled are the loading, addressing, and clearing of the display LPFl 9 10{1 R REF

RAM. The processor transfers the data received to the RAM during scan lines

21 through 42. The operation of the display RAM, character ROM, and output

logic circuits are controlled during scan lines 43 through 237. Several functions

of the MC144144 are controlled via a serial port which may be configured to be

either 12C or SPI.

¢ Conforms to FCC Report and Order as Amended by the Petition for
Reconsideration on Gen. Doc. 91-1

e Conforms to EIA-608 for EDS Data Structure

e Supports Four Different Data Channels for Field 1 and Five Different Data

Channels for Field 2, Time Multiplexed within the Line—21 Data Stream:

Captions Utilizing Languages 1 and 2, Text Utilizing Languages 1 and 2

and EDS Support

Output Logic Provides Hardware Underline Control and Italics Slant Generation

Single Supply, Operating Voltage Range: 4.75 to 5.25 V

Supply Current: 20 mA (Preliminary)

Operating Temperature Range: 0 to 70°C

Composite Video Input Range: 0.7 to 1.4 V p—p

Horizontal Input Polarity: Either Positive or Negative

Internal Timing and Sync Signals Derived from On—Chip VCO

In this document , the term ‘user’ refers to the television or VCR designer. The user may choose to make certain optional features selectable
by the viewer. These features then become viewer options.

This document contains information on a new product. Specifications and information herein are subject to change without notice.

MOTOROLA MC144144
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Product Preview MC145073

Dual 16-Bit Stereo Audio
Sigma-Delta ADC

CMOS DW SUFFIX
| 3 SOG PACKAGE
! The MC145073 is a dual channel, 16-bit A/D converter intended for use in CASE 751E-04
digital audio systems such as Multi-media, DCC, DAT and professional audio
applications. It uses a sigma—delta architecture consisting of a second—order ORDERING INFORMATION

analog modulator and two stages of digital filtering for each channel. The
analog modulator samples the input signal at 128x the output data rate,
performs a single-bit quantization, and shapes the quantization noise towards
higher frequencies. Subsequent on—chip digital filters reject most of the shaped
quantization noise, and lower the data rate. PIN ASSIGNMENT

Sixteen unique user selectable interfacing modes make the MC145073
compatible with a multitude of application interfacing requirements. A single 5 V

MC145073DW SOG Package

supply and a power down mode reduce power supply requirements, making the AN D1 e 24 [1 AR
part attractive for portable applications. ANEY O 2 23 [ AIN(-R)
¢ Single Supp[y, Operating Voltage Range: 4.5t0 5.5V REF [] 3 22 [ Vag
e 128x OSR Sigma—-Delta Modulator
« 82 dB Typical S/(N+D) Voo O 4 21 [] CSELO
« Analog Inputs can be Driven as Either Differential or Single Ended vsSs() [ 5 20 [] CSEL1
o Clock Input may be 128x, 256x, or 384x the Output Data Rate sus [l 6 19 [ FSEL
o Out-of-Range Input Signals Internally Limited
* On—Chip Digital Filters: Vssp) [ 7 18 [ IsYNC
5th Order De.C|mate—by—32 Comb Filter Vo) [ 8 17 [1 IgLay
121 Tap Decimate—by—4 FIR Filter TP 01
o User Selectable Digital Filter Transition Bands Oe 16 g hust
* Versatile Serial Digital Output Interface: FTP[] 10 15 [1 IpoE
Configurable as Master or S!ave - syNc [ 11 14 [ CLK
Data can be Either Left or Right Justified
Interfaces to DSP56000/1 and TMS320 DSPs scLk [ 12 13 [1 SDO
12S or Japanese Interface Compatibility
CS5326 Compatible Interface Mode
Multiplexing of Two MC145073s Accommodated
e Power Down Mode Consumption: 2.0 mW
¢ Operating Temperature Range: — 40 to + 85°C
AIN(+L)
ANEL) MODULATOR COMB FILTER f‘> FIR FILTER
A [} [) [}
CLK i l
VOLTAGE CLKDIVIDERS/DRIVER DIGITAL —3 SERIAL
REFERENCE AND CONTROL LOGIC INTERFACE INTERFACE
MODES I T
N e
AIN(+R) A A
AN(-R) MODULATOR »| COMBFILTER :> FIR FILTER
e

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MAXIMUM RATINGS* (Voltages referenced to Vgsg, unless otherwise stated)

Symbol Parameter Value Unit
VbD(A) |Analog Supply Voltage +6.0 \
Vbp(p) | Digital Supply Voltage +6.0 \

lin DC Input Current, per Pin +20 mA
Vin(A) | Analog Input Voltage Vss(a)-0.3to \

VpD(a) + 0.3
Vin(D) | Digital Inputs -0.3t0 Vpp(p) + 0.3 \
Tstg | Storage Temperature - 6510150 °C
T Lead Temperature 1 mm From Case for 260 °C
10 Seconds

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Operation Ranges, Analog Specifications,
AC Electrical Characteristics and DC Electrical Characteristics tables.

OPERATION RANGES
Symbol Parameter Min Max Unit Note
VDD(A) Analog Supply Voltage 45 55 \
Vbp(D) Digital Supply Voltage 4.5 55 \
Vin(a)  [Analog Input Voltage (A|N(+L), AIN(-L) AIN(+R) AIN(-R)) - 1.9 Vop 1
foLk CLK Frequency 3.072 18.432 MHz 2
CLOAD Capacitive Load on Any Output 0 50 pF
Ta Ambient Operating Temperature -40 85 °C
NOTES:

1. Differential inputs greater than 3.8 Vpp will overload the modulators. These voltages are subject to the gain error tolerance specifications
in the Analog Specifications table.

2. Theinternal clock frequency or input sampling frequency is governed by the divide mode and output data rate. The divide mode can be either
1,2, or 3. The output data rate ranges from 24 kHz to 48 kHz. The minimum clock frequency of 3.072 MHz is for a 24 kHz output rate in the
clock divide by 1 mode. The maximum clock frequency of 18.432 MHz is for a 48 kHz output rate in the clock divide by 3 mode.

DC ELECTRICAL SPECIFICATIONS
(Voltages referenced to Vgg(p); Full Temperature and Voltage Ranges per Operation Ranges Table, unless otherwise indicated.)

Symbol Parameter Min Max Unit
ViH Minimum High-Level Digital Input Voltage 0.7 x Vpp(D) \
ViL Maximum Low-Level Digital Input Voltage 0.3 x V[)[)(D) "
IIN Maximum Input Leakage Current 10 pA

VOH Minimum High-Level Digital Output Voltage (IoH = - 20 pA) 4.4 \
VoL Maximum Low-Level Digital Output Voltage (Io = 20 pA) 0.1 \

IDDu(D) | Maximum Digital Power Supply Current, Operating 45 mA

IDDd(D) | Maximum Digital Power Supply Current, Power Down 250 MA

IDDu(A) Maximum Analog Power Supply Current, Operating 10 mA

IpDd(A) | Maximum Analog Power Supply Current, Power Down 150 uA
Po Power Consumption, Operating 250 mw
Ppd Power Consumption, Power Down 20 mw
Cin Maximum Input Capacitance 20 pF

MOTOROLA MC145073

2-161



ANALOG SPECIFICATIONS

(Full Temperature, CLK = 6.144 MHz in div1, Vpp(A) = VDD(D) = 5.0 V, 1007.8 Hz Full-Scale Input Sinewave, 1.4 Vpp @ AjN(L) and AIN(R),
Common Mode Input Voltage = 2.5 V. Measured Bandwidth is 23 Hz to 24 kHz, inputs driven differentially per Figure 1.)

Parameter Min Typ Max Unit
Resolution Bits 16 bits
S/(N+D) 76 82 dB
Dynamic Range 85 dB
Total Harmonic Distortion (Vin =+ F.S.) .003 %
Gain Error +5/-5 %
Gain Drift 50 ppm/°C
Channel to Channel Isolation 90 dB
PSRR (VDD(A)) 60 dB
PSRR (VDD(D)) 100 dB
Input Impedance 40 kohms
Warm-Up Time (for Reference and Bias Circuits) 1 msec

DIGITAL FILTER CHARACTERIZATION

(Over Full Operating Ranges per Operating Ranges table. Stated Values are for Input/Output Relationships from Input of Comb Filter to

Output of FIR Filter).

Output Data Rate
Parameter 32 kHz 44.1 kHz 48 kHz Unit Notes
FSEL = low
FIR Filter Passband 0to0 13.3 0t0 18.3 0to 20 kHz
Maximum Passband Ripple +0.1 +0.1 +0.1 dB
FIR Filter Transition Band 13.3t017 | 18.3t023.5 | 20t025.8 kHz
FIR Filter Rejection (Min) -84 -84 -84 dB
Maximum Alias Level (Figure 3) -86 -86 - 86 dB 1,2
Group Delay 33 33 33 Out CLKS 3
Setting Time 49 49 49 Out CLKS 3
FSEL = high
FIR Filter Passband 0to 145 0to 20 0to21.7 kHz
Maximum Passband Ripple +0.1 +0.1 +0.1 dB
FIR Filter Transition Band 14510182 | 20t025.0 | 21.7t027.3 kHz
FIR Filter Rejection (Min) -84 -84 -84 dB
Maximum Alias Level (Figure 3) -86 -86 -86 dB 1,2
Group Delay 33 33 33 Out CLKS 3
Setting Time 49 49 49 Out CLKS 3

NOTES:

1. There is no rejection of input signals that are multiples of the sampling frequency (nxCLKI + Filter Bandwidth, wheren=0, 1, 2, ...).
2. The maximum alias level spec does not apply to input signals in the range of 24 to 25.8 kHz in the 48 kHz output mode, 22.05 to 23.675 kHz

in the 44.1 kHz output mode, or 16 to 17.2'kHz in the 32 kHz output mode.

3. One Out CLK (output clock) is equal in length to 128 internal CLKs or one SYNC clock period.

MC145073
2-162

MOTOROLA



0 AOUT(+L)

AINL) b——————0 AQUT(-L)

0 AOUT(+R)

AIN(R) —————————0 AQUT(-R)

1kQ

Figure 1. Input Buffer—Driver

NOTES:
1. Analog signals AjN(L) and AIN(R) are floating drivers. RoyT of source is to be equal to Ry of resistors.
2. U1, U2 —MC33077.

MOTOROLA MC145073
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VDD(A) Vbp(p)
il oD

aucloruel [ 1ol
o~ o~
33 4 5 8 7
0 12
AN >0 | oF| ' ANGU Voo Vssiay Vop(p) Vss(D) SCLE AUDIO
i,; SYNG 11 DATA
33 SDO 13 PROCESSOR
* ]
AIN(-L) >_MA'—_T__—1ooOpF 2 AIN(L FSEL 19

w V

‘A|N(+R)>—'VWW 24 AN (:R) CSELO 21 CONTROLLER
CSEL1 20

w V

*
AIN(-R) Toopr | 2 ANGR)

6 CLK 14

2 Vpg %
3 Rer SUB IpoE IsiAv Isync lust FTP FTP
1uefo1wr | 1uFlotpE] 6 15 77 18 169 10 820k
al AR g
| |

il S R N S S

USER SELECTABLE .

DIGITAL STATES o] M26MH T,
Pl FOR44.1 kHz P

Figure 2. MC145073 A/D Application Circuit

MC74HCU04

*For best performance A|N(+L), AIN(-L) and AIN(+R) AIN(—R) should be differentially driven. AjN(+L) or AIN(+R) (and
AIN(-L) or AIN(-Ry)) can be grounded for single ended configuration. Circuitin Figure 1 depicts input bufer circuit.
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MAXIMUMALIAS = - 86.713 db AT 24.0 kHz

MAXIMUM ALIAS = - 87.5884 db AT 169.125 kHz

0. o -
g g
4 =
3 3
& £
2 ] g ]
8. 86 | S -86
0 24 48 72 9 120 144 168 192 216 240 264 288 0 24 48 72 96 120 144 168 192 216 240 264 288
INPUT FREQUENCY (kHz) INPUT FREQUENCY (kHz
OUTPUT DATA RATE = 48 kHz, FSEL = LOW OUTPUT DATA RATE = 44.1 kHz, FSEL = HIGH
Figure 3. Digital Filter Response (Wideband)
CLKI = 6.144 MHz
DIGITAL FILTER RESPONSE (20 - 25.8 kHz TRANSITION BAND) DIGITAL FILTER RESPONSE (20 - 24 kHz TRANSITION BAND)
0 0 2
g g
5 -2 E -2
o o
2 S
8 -4 @ -40
g g
2 -60 S -60
& 4
« «
-80 -80
-100 -100
0 12 24 36 48 80 72 84 9 0 12 24 3 48 60 72 8. 96
INPUT FREQUENCY (kHz) INPUT FREQUENCY (kHz)
OUTPUT DATA RATE = 48 kHz, FSEL = HIGH OUTPUT DATA RATE = 44.1 kHz, FSEL = HIGH
Figure 4. Digital Filter Response (Narrowband)
CLKI = 6.144 MHz
SIMULATED DELAYS SIMULATED DELAYS
COMB COMB FILTER INPUT
FILTER
INPUT
?ﬁ?esn COMB FILTER OUTPUT
outPUT | | | _/
FIR
FILTER
ouTPUT FIR FILTER OUTPUT J
' I
0 25 50 75 100 125 150 175 200 225 250 0 5 10 15 20 25 35 40
TIME (OUTPUT CLOCKS) TIME (OUTPUT CLOCKS)
Figure 5. Group Delay and Setting Time
MOTOROLA MC145073
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AC ELECTRICAL SPECIFICATIONS
(Full Temperature and Voltage Ranges per Operation Ranges Table. All timing parameters measured with respect to 30% and 70% of
VDD(D) uniess otherwise noted.)

Divide
Figure Symbol Parameter Ratio Min Max Unit
6 gl Master Clock (CLK) Frequency (Note 1) 3.072 18.432 MHz
6 1/clki Internal Clock Frequency, CLKI (Note 1) 3.072 6.144 MHz
telki = 1/(fclk/Divide Ratio)
6 tweh Master Clock High, CLK 1 38 ns
2,3 20
6 twel Master Clock Low, CLK 1 38 ns
2,3 20
7 tsync Sync Period (Master and Slave Modes) 128 * tolki 128 * toiki ns
7 twsh Sync High (Slave Mode) i 20 126 * tolki ns
Cin Input Capacitance 20 pF
(Except for Left/Right Channel Inputs)
Master Mode: Ig| Ay =0
8 tsclk SCLK Period 2 * tolki 2* tolki ns
8 twiltwh SCLK Duty Cycle 0.667 1.50
8 tcsy Propagation Delay (Note 2)
CLK Falling Edge to SYNC 1 40 ns
CLK Rising Edge to SYNC 2 tolk + 40 ns
CLK Falling Edge to SYNC 3 2™ telk + 40 ns
8 tcsc Propagation Delay (Note 2)
CLK Falling Edge to SCLK 1 40 ns
CLK Rising Edge to SCLK 2 tolk + 40 ns
CLK Falling Edge to SCLK 3 2% o)k + 40 ns
8 tcov Propagation Delay (Note 2)
CLK Falling Edge to Serial Data Valid, SDO 1 40 ns
CLK Rising Edge to Serial Data Valid, SDO 2 telk + 40 ns
CLK Falling Edge to Serial Data Valid, SDO 3 2% tolk + 40 ns
Slave Mode: Ig) Ay = 1
9 tsu Setup Time (Note 3) 15 ns
SCLK to Rising Edge of CLK
9 th Hold Time (Note 3) 0 ns
SCLK to Rising Edge of CLK
9 tsclkh SCLK High 20 ns
9 tsclkl SCLK Low 20 ns
9 tsu Setup Time (Note 3) 15 ns
SYNC to Rising Edge of CLK
9 th Hold Time (Note 3) 0 ns
SYNC to Rising Edge of CLK
tcpv Propagation Delay
Clk Rising Edge to Serial Data Valid, SDO 1 tweh tweh + 40
2 teik 2% telk + 40
3 tolk + tweh 3" ik + tweh + 40

NOTES:
1. The internal clock frequency, or input sampling frequency (CLKI) is governed by the divide mode and output data rate.
The divide mode can be either 1, 2, or 3. The output data rate ranges from 24 kHz to 48 kHz.
The minimum clock frequency of 3.072 MHz corresponds to an output data rate of 24 kHz with the device in the clock divide by one mode.
The maximum clock frequency of 18.432 MHz corresponds to an output data rate of 48 kHz with the device in the clock divide by three mode.
2. Propagation delay is measured with a capacitive load of 50 pF.
3. In the slave mode, SYNC or SCLK transitions can occur anywhere except 0 to — 5 ns relative to the CLK rising edge.

MC145073 MOTOROLA
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Figure 7.
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tsclk >
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Figure 8. Serial Interface Timing (Master Mode: Ig| Ay = 0)
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awe _ /N S S S
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SCLK X’ N X X

|<——_‘ tsclkl ——>
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SYNC X
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Figure 9. Serial Interface Timing (Slave Mode: Isp Ay = 1)

NOTE: CLK signals shown above represent the external clock at three different frequencies.
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PIN DESCRIPTIONS
ANALOG PINS

AIN(+L), AIN(-L)
Left Channel Analog Inputs (Pins 1, 2)

These two pins comprise the left channel analog differ-
ential inputs. The voltage range of signals applied to these
pins is from Vsg(A) to VDD(A)- A positive full scale input
to the A/D is defined as a difference of 3.8 Vpp between
AIN(+L) and AIN(-L).

AIN(+R), AIN(-R)
Right Channel Analog Inputs (Pins 24, 23)

These two pins comprise the right channel analog differ-
ential inputs. The voltage range of signals applied to these
pins is from Vgg(a) to VDD(A)- A positive full scale input
to the A/D is defined as a difference of 3.8 Vpp between
AIN(+R) and AIN(-R)-

REF
Output of the Internal Voltage Reference (Pin 3)

The nominal value of this internal voltage reference is
+ 2 VDC. The output of the reference is brought out to this
pin to facilitate filtering. For proper device operation, this pin
should be decoupled to Vgg(A) with a 1.0 uF electrolytic
capacitor in parallel with a 0.1 uF ceramic capacitor. In order
to economize on filtering capacitors, the REF pin can be
connected to VAG. However, this could result in a possible
degradation of performance of the device at high signal
levels.

VAG
Output of the Internal Analog Ground Generator
(Pin 22)

Analog ground is used to bias the internal analog circuits
and is nominally + 2 VDC. VAG is brought out to this pin to
facilitate filtering. This pin should be decoupled to V§5(A)
with a 1.0 pF electrolytic capacitor in parallel with a 0.1 pF
ceramic capacitor for normal device operation.

DIGITAL PINS

CLK
Master Clock Input (Pin14)

This pin is the master clock input for the device. Analog
input signals to the MC145073 are sampled at a rate equal to
this clock frequency divided by 1, 2, or 3, depending on the
state of clock mode pins CSEL1,0. The serial data output
rate is equal to the input sample rate divided by 128.
For example, if CLK is running at a 12.288 MHz rate, and
divide by 2 is selected, then the output data rate is
(12.288 MHz/2)/128 = 48 kHz. For more detail, see the Sum-
mary of Operating Modes section.

SYNC
Serial Interface Frame Sync Input/Output (Pin 11)

The SYNC pin is an input or output depending on the state
of the IgAv pin. The SYNC signal resets and synchronizes
the serial interface transmitter and receivers, as well as most
internal clocks. Left channel serial output data is transmitted

when the SYNC signal is active high, and right channel data
is transmitted when the SYNC signal is low. See the Serial
Interface Description section for more information.

SCLK
Serial Interface Clock Input/Output (Pin 12)

The SCLK pinis an input or output depending on the state
of the IS AV pin. Serial output data is clocked out of the
MC145073 on the rising edge of SCLK. When SCLK is an
input, it is reclocked by the internal sample rate clock, CLKI,
before being used by the MC145073 to clock out the serial
data. This reclocking ensures that rapid current changes
through the SDO pin do not affect the analog performance of
the device. See the Serial Interface Description section for
more information.

SDO
Serial Interface Data Output (Pin 13)

The A/D conversion results for the left and right channels
are output on this pin. Data is shifted out of the MC145073
MSB first, with the left channel data preceding the right chan-
nel data. The serial output data is clocked out on the rising
edge of SCLK. See the Serial Interface Description section
for more information.

FTP
Factory Test Mode Inputs (Pins 9, 10)

These pins should be connected to Vgg(A) for normal
device operation.

CSELO, CSEL1
Clock Divide Mode Select Inputs (Pins 21, 20)

The device master clock input is divided by 1, 2, or 3, or
the device is placed in a power down mode depending on the
state of these pins. See the Summary of Operating Modes
section for more information.

FSEL
FIR Filter Response Select Input (Pin 19)

A low level on the FSEL input selects a FIR filter transition
band from 20 to 25.8 kHz at the 48 kHz output data rate. A
high level on the FSEL pin selects a filter transition band from
20 to 24 kHz at the 44.1 kHz output data rate. See the Sum-
mary of Operating Modes section for more information.

ISYNC
Serial Interface Sync Format Select Input (Pin 18)

A low level input on the iIsyNC pin selects a SYNC rising
edge one SCLK cycle before the initiation of a serial data
transfer. A high level on the IgyNC pin will select a SYNC
rising edge that is coincident with the initiation of a serial data
transfer. See the Summary of Operating Modes and the
Serial Interface Description sections for more information.

IsLAV
Serial Interface Slave Mode Select Input (Pin 17)

This pin controls the direction of the serial interface SYNC
and SCLK signals. A low level on the Ig|Ay pin will configure
the SYNC and SCLK pins as inputs, while a high level on the
ISL AV pin will configure the SYNC and SCLK pins as outputs.
See the Summary of Operating Modes and the Serial Inter-
face Description sections for more information.

MC145073
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lyusTt

Serial Interface Data Justification Select Input (Pin 16)
Alow level on the | jysT pin will cause the serial output data

to be left justified relative to the SYNC signal. A high level on

the IyysT pin will select right justification of the serial output

data. See the Summary of Operating Modes and the Serial

Interface Description sections for more information.

IDOE
Serial Interface Data Output Enable (Pin 15)

This pin controls the state of the SDO pin between 16-bit
data word transfers. A high level on this pin will force the
SDO pin to a low level between serial data words, while a low
level on the IDOE pin will force the SDO pin to a high imped-
ance state between data words. See the Summary of Oper-
ating Modes and the Serial Interface Description sections for
more information.

POWER SUPPLIES

VpD(A) (Pin 4)

Positive analog power supply input. The voltage range for
this pin is + 4.5 to + 5.5 VDC with respect to Vsg(A). The
absolute value of the difference between Vpp(a) and
VpD(D) must not exceed 0.5 V. For proper device operation,
this pin should be decoupled to Vg s(A) with a 1.0 uF or larger
capacitor.

Vss(A) (Pin 5)
Negative analog power supply input. This pin should be
connected to ground for normal device operation.

Vpp(p) (Pin 8)

Positive digital power supply input. The voltage range for
this pin is + 4.5 to + 5.5 VDC with respect to Vgg(D). The
absolute value of the difference between Vpp(A) and
VDD(D) must not exceed 0.5 V. For proper device operation,
this pin should be decoupled to Vs (D) with a 1.0 uF or larger
capacitor.

Vss(p) (Pin7)
Negative digital power supply input. This pin should be
connected to ground for normal device operation.

SUB (Pin 6)

Substrate connection. This pin should be connected to
Vss(A) for normal device operation.

FUNCTIONAL DESCRIPTION

The MC145073 is a 16-bit Stereo Audio A/D converter in-
tended for use in digital audio systems. The MC145073 uses
a sigma—delta architecture consisting of a second order ana-
log modulator followed by two stages of digital filtering for
each channel. The analog modulator samples the input sig-
nal at a very high rate (128x the output data rate), performs a
single bit quantization, and shapes the quantization noise to-
wards out-of-band frequencies. The digital filters of the
MC145073 reject most of the shaped quantization noise, and
lower the serial data output rate. The digital filtering is imple-
mented with a 5th order, decimate—by—32 comb filter followed
by a 121 tap, decimate—by—4, FIR filter on each channel. In
addition to rejecting quantization noise, the FIR filter cancels
the curvature in the response of the preceding comb filter.
The comb and FIR filters also provide anti-alias filtering of
out-of-band signals present at the input to the device. The
analog inputs to the MC145073 can be fully differential (both
inputs dynamic and 180 degrees out of phase), or single
ended (positive inputs dynamic while negative inputs are
static at a level in the middle of the supply range). Analog in-
put signals that exceed the differential analog input voltage
range of 3.8 Vp_p are clipped in order to prevent overflow of
the digital filters. The MC145073 operates from a single
+ 5V power supply. For portable or other low power applica-
tions, a power down mode is available.

The operation of the MC145073 can be tailored to specific
applications by proper selection of the states of seven mode
select pins. These mode pins control the divide ratio of the
master clock, the FIR filter response, and the serial interface
format. The master clock input can be divided by either 1, 2,
or 3 to yield the input sampling rate. This means that the in-
put clock frequency is either 128x, 256x, or 512x the serial
output data rate.

NOTE
The oversampling ratio (OSR), which is the

ratio of input sampling frequency to output data
rate, is 128x in all three cases.

Two sets of FIR filter coefficients are stored in the onboard
ROM of the MC145073. One set provides a transition band
from 20 kHz to 25.8 kHz for operation at the 48 kHz output
data rate. The other set of FIR filter coefficients provides a
transition band from 20 kHz to 25 kHz for use with the
44.1 kHz output data rate.

Four mode select pins configure the serial interface. This
yields sixteen possible serial interface operating modes.
Included are modes that provide for interfacing directly to
Motorola and TI general purpose DSPs, multiplexing of two
MC145073s, as well as formats similar to the CS5326 inter-
face.

MOTOROLA
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SUMMARY OF DEVICE OPERATING MODES

The seven pins summarized in the tables below configure
the MC145073 to operate in one of the modes specified. The
modes can be chosen in any combination.

CSEL1 CSELO Master CLK Divider Select

0 0 Power Down

0 1 Divide CLK by 1

1 0 Divide CLK by 2

1 1 Divide CLK by 3

FSEL FIR Filter Transition Band Select

0 20 kHz — 25.8 kHz Transistion band
6.144 MHz input rate, 48 kHz output data rate.

1 20 kHz — 25 kHz Transistion band
5.6448 MHz input rate,

44.1 kHz output data rate
IsYNC Serial Interface SYNC Signal Format

0 SYNC rising edge is one SCLK cycle before the
start of the serial output data transfer (this is
compatible with the DSP5600/56001 and TMS320
interface definitions).

1 SYNC rising edge is coincident with the start of the
serial output data transfer (this is compatible with
the CS5326 interface definition).

IsLAV Serial Interface Master or Slave Select

0 MC145073 is a master, SYNC and SCLK are
outputs.

1 MC145073 is a slave, SYNC and SCLK are inputs
(re—clocked by the MC145073 internal clock, CLKI).

lgusT Serial Interface Data Justification Select

0 Serial Output data is left justified relative to the
SYNC signal.

1 Serial Output data is right justified relative to the
SYNC signal.

IpoE Serial Interface Data Output Enable

0 SDO goes to a high impedance state between
16 bit output words.

1 SDO is forced low between 16 bit output words.

SERIAL INTERFACE DESCRIPTION

As summarized in the previous section, the format of the
serialinterfaceis controlled by fourmode pins: ISyYNC, ISLAV,
1JUST, and IpOE- These control inputs can be configured in
any combination, yielding 24 = 16 unique modes. The follow-
ing two subsections describe the format of the serial inter-
face for these various modes. Timing information for the

serial interface is provided in the section entitled “AC Electri-
cal Specifications”.

Compatibility with the DSP56000/1 and TMS320 general
purpose DSPs is accomplished by applying the appropriate
logic level to the ISYNC pin. The phase of the rising edge of
the SYNC signal is different for the DSP56000 and TMS320
applications, while the falling edge of SYNC is not critical in
such applications.

To interface to one or two MC145073s, the
DSP56000/56001 should be configured as follows: network
mode, 4 time slots per frame, 16 bits per slot, continuous
clock, and control signals configured as either a master or
slave. If interfacing to a TMS320 is desired, the serial inter-
face should be configured in continuous mode without frame
sync.

NOTE

The TMS320 interface must be initialized with
frame sync enabled, and then switched to the no
frame sync mode after initialization.

The IyysT and IDOE serial interface mode control inputs
are provided to facilitate multiplexing of two MC145073s.
The IyysT input selects between left and right justification of
the serial output data relative to the SYNC signal, while the
IDOE input provides a way to force the SDO pin to the high
impedance state between the output data words. To multi-
plex the serial data outputs of two MC145073s onto the
same SDO line, IpOE must be forced low on both
MC145073s, while the IyysT pin is forced high on one
MC145073 and low on the other. The MC145073s must be in
the slave mode (Ig| Av=1) when multiplexing. It is not pos-
sible to operate with one MC145073 as a master tied to a
second MC145073 operating as a slave due to the reclock-
ing of the SYNC and SCLK inputs in the slave mode (see
section, “Operation with the MC145073 as a Slave
(IsLAv =1)).

NOTE
When multiplexing two MC145073 devices, all
four analog channels are sampled at exactly the
same phase.

In Figures 10 and 11, the internal clock signal CLKI is
plotted instead of CLK. This is due to the fact that all internal
clocks, as well as the serial interface are slaved to this
divided version of the master clock. Input signals to the serial
interface are reclocked by CLKI to reduce the amount of
noise injected into the analog section of the MC145073. Seri-
al output data and high impedance states of the SDO pin are
clocked out relative to CLKI. This reclocking can cause a
shift in phase of SDO relative to SCLK when operating in the
slave mode. In cases where the MC145073 output is multi-
plexed with another device, the clock divide by 1 mode is
recommended.

NOTE
If the clock divide by 2 or 3 mode is selected, it
is impossible to know the exact phase of CLKI.

On initial power up or recovery from a power down condi-
tion, the first 68 serial output words of the MC145073 are
indeterminate. This is because the digital filters and internal
logic of the MC145073 must settle. This time is also used to
charge the external REF filter capacitor.

MC145073
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Operation with the MC145073 as a Master
(IsLAv = 0)

When Ig| Av = 0 the SYNC and SCLK signals are defined
as outputs, and the MC145073 is configured as master
device. In this mode there are eight possible serial formats
as illustrated in Figure 10. The phase of the SYNC output
can precede the serial output data by one SCLK cycle (com-
patible with DSP56000/56001, TMS320, and 12S interface
format), or the SYNC signal can be coincident with the serial
output data (similar to the CS5326 serial interface format).
As shown in Figure 10, with each of these two SYNC formats
there are four possible formats for the serial output data.

Serial output data is shifted out MSB first, with left channel
data preceding the right channel data. All of the serial inter-
face outputs, SYNC, SCLK, and SDO are initiated by a CLKI
rising edge. There are 128 CLKI cycles, and 64 SCLK cycles
per output data cycle. Multiplexing of two MC145073s is not
feasible in the master mode since the exact phase of the out-
put cannot be controlled.

NOTE

The serial data in one output cycle represents
data that was simultaneously sampled on the two
analog input channels.

It is possible to initiate the device in the slave mode de-
scribed in section, “Operation with the MC145073 as a Slave
(IsLAV = 1)", and then switch to master mode. Once set, the
phase of SYNC should not change.

Operation with the MC145073 as a Slave
(IsLav=1)

When Ig| Ay = 1 the SYNC and SCLK signals are defined
as inputs, and the MC145073 is configured as a slave de-
vice. However, the slave mode of the MC145073 is not a true
slave mode since the SYNC and SCLK inputs are reclocked
by the internal sample clock, CLKI. These internal reclocked
versions of SYNC and SCLK are shown in Figure 11, in addi-
tion to the external SYNC and SCLK signals.

Similar to the master mode of the previous section, there
are two formats for the SYNC signal, and four SDO formats,
yielding eight possible slave modes.

Multiplexing of two MC145073s in the slave mode is per-
formed by forcing IDOE low on both MC145073s, and forcing
1JusT high on one MC145073 and low on the other.

NOTE
When multiplexing two MC145073s, the mas-
ter clock divide by 1 mode should be used

(CSEL1,0 = 0,1) so that the exact phase of CLKI
is determined.
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Figure 10. Serial Interface Operation with MC145073 Configured as Master (I, oy = 0)
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Product Preview
Stereo Audio Sigma-Delta
Digital-to-Analog Converter

1% 16 PIN SOIC
CMOS CASE 751B-05
The MC145074 is a high precision, Stereo Audio Digital-to—Analog ORDERING INFORMATION
Converter that utilizes second order sigma—delta modulators with 2—tap FIR MC145074D SOIC Package

feedback architecture. The part can be used as a stand alone stereo digital
modulator, or as a companion part to the MC145076 smoothing filter to achieve
high quality, low cost audio performance.

* Peak S/(N+D) > 100 dB PIN ASSIGNMENT
* Single 5V Supply Operation vppl 1@ 16 0 poL
* Accepts 16, 18, or 20-Bit Data Words oD
« Dual/Single Pin Data Input Modes STBY [l 2 15 [] RESO
e Programmable WCLK Divider piLwoLY [} 3 14 [1 RES1
e Operating Temperaturf:- Range: — 40 tc? + 85°C DIRDILRT] 4 13 [ DMODE
o Low Power Consumption: 40 mW Typical
o Companion to MC145076 Stereo Audio FIR Smoothing Filter BCLKD 5 12 1 Xin
WCIK( 6 1P Xout
MSTR 7 10 1 piv2
vgsl 8 9 [1 DOR
Vop ——J;
Vss _“"‘Q
STBY —2—»]
LEFT CHANNEL
""" |
DILWDLY —3 5] | | |
| . |SERIAL/PARALLEL] ZtA |16
. i | INTERFACE | OFFSET SCALER |- MODULATOR [ CHOP T DOL
DIRDILR ———— | |
g, -
5 CONTROL
BCLK ™ Loaic RIGHT CHANNEL
r—-—---"-"""——————-"——-="-"—-" i ]
DMODE B I SERIAL/PARALLEL] A I 9
“ —I—»I INTERFACE |- OFFSET SCALER |1 MODULATOR [ CHOP —I—> DOR
RES1 —=—| | |
o J
RESO — 15 5
WOIR <—2 : TIMING 12 X
1
MSTR —L ‘ Xout
piv2 — 2 !

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit This device contains protection circuitry to

guard against damage due to high static volt-

Vpp | DC Supply Voltage 6.0 v ages or electric fields. However, precautions

Vi DC Input Voltage, Any Digital Input Vas — 0.5 t v must be taken to avoid applications of any volt-

in npu g8, Any Digital inpu \?[?D +0 50 age higher than maximum rated voltages to

i this high-impedance circuit. For proper opera-

lin DC Input Current, per Pin +10 mA tion, Vin and Vgt should be constrained to the

— o range Vss < (Vin of Vout) < VpD-

Tstg | Storage Temperature 5510 150 c Unused inputs must always be tied to an

TL Lead Temperature, 1 mm from Case for 260 °C appropriate logic voltage level (e.g., eitherVgg
10 Seconds or Vpp). Unused outputs must be left open.

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the Operation Ranges below.

OPERATION RANGES (Applicable to Guaranteed Limits)

Symbol Parameter Value Unit
Vbp DC Supply Voltage, Referenced to Vgg 45105.5 Y
Vin, Vout | Digital Input/Output Voltage Vgs-0.5tVpp +0.5 \
Ip Input Pin Current Drain 1 pA
TA Operating Temperature -401to + 85 °C

DC ELECTRICAL CHARACTERISTICS
(Voltages Referenced to Vgg, Full Temperature and Voltage Ranges per Operation Ranges table, unless otherwise indicated)

Symbol Parameter Min Typ Max Unit
ldd Power Supply Current — - 10 mA
ViL Input Voltage Low Level Input —_ — Vpp x0.3 \
VIH High Level Input | Vpp x 0.7 — —
VoL Output Voltage Low Level Output (Load = 0.4 mA) — — 0.3 \
VOH High Level Output (Load = 0.4 mA) | Vpp -0.3 —_ —_
'Ikg Input Leakage Current — —_ +10 pA
MOTOROLA MC145074
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AC ELECTRICAL CHARACTERISTICS
(Full Temperature and Voltage Ranges per Operation Ranges table)

Guaranteed
Symbol Parameter Figure Limit Unit
Operating Frequency Xjn, (DIV2 =0) 18.5 MHz
(DIV2=1) 37.0
Bit Clock Frequency 18.5 MHz
tr tf Maximum Rise and Fall Times 2,5 6 ns
tPLH Xout L—H Propagation Delay 2 TBD ns
TLH Xout Rise Time
tPHL Xout H-L Propagation Delay 2 TBD ns
THL Xout Fall Time
tPLH DOL, DOR L-H Propagation Delays 3 TBD ns
tTrLH DOL, DOR Rise Time
tPHL DOL, DOR H-L Propagation Delays 3 TBD ns
tTHL DOL, DOR Fall Time
tPLH WCLK Output L-H Propagation Delay 4 TBD ns
TLH WCLK Output Rise Time
tPHL WCLK Output H-L Propagation Delay 4 TBD ns
THL WCLK Output Fall Time
tsu DIR Master Program Mode Minimum Setup Time 5 TBD ns
th DIR Master Program Mode Minimum Hold Time
tsu DIR, DIL Minimum Setup Time 5 TBD ns
th DIR, DIL Minimum Hold Time
tsu WCLK Minimum Setup Time to BCLK (not DMODE = WDLY = 1) 6 TBD ns
th WCLK Minimum Hold Time to BCLK (not DMODE = WDLY = 1)
tsu WCLK Minimum Setup Time to Xj, (not DMODE = WDLY = 1) 6 TBD ns
th WCLK Minimum Hold Time to Xjn (not DMODE = WDLY = 1)
tsu WCLK Minimum Setup Time to BCLK (DMODE = WDLY = 1) 7 TBD ns
th WCLK Minimum Hold Time to BCLK (DMODE = WDLY = 1)
tLAG BCLK to Xip (1st Edge Only) Lag Time (DMODE = WDLY = 1) 7 TBD ns
tLEAD BCLK to Xjp, (1st Edge Only) Lead Time (DMODE = WDLY = 1)
MC145074 MOTOROLA
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SWITCHING WAVEFORMS

v

90% 90%

Xin 0 50% 50% N 100
tPHL tPLH

90% 90%

50% 50%
10% 10%
e—t o —ed

Figure 1. Xout Propagation Delay Timing

Xout

DIL/DIRDILR
Xin 50% 50%
tPHL tPLH -

WCIK 90% "N 50% 50% BCLK

Figure 3. WCLK Out Propagation Delay Timing

(Master Mode) Figure 4. DIL/DIR/DILR Setup and Hold Timing
th tsu
50%

Xin

WCLK 50%
50%
BCLK
th tsu

Figure 5. WCLK Timing (All Modes Except DMODE = 1, WDLY = 1)

Xin 50% Bits 16 18 20
OSR S/(N+D) dB S/(N+D) dB S/(N+D) dB
128x 90 90 90
BCLK 192x 94 98 99
256x 95 103 105
384x 96 107 113
WCLK 50% NOTE: Values are for 0 dB input signal, 0 — 20 kHz BW, and 44.1 kHz
1x fs Sampling Rate.
Figure 6. WCLK Timing (DMODE = 1, WDLY = 1) Figure 7. Digital S/(N+D) Performance Levels
MOTOROLA MC145074
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PIN DESCRIPTIONS

Vbp
Positive Device Supply (Pin 1)

VDD is the positive supply, nominally + 5 volts.

STBY
Active-Low Standby Input (Pin 2)

A low level on the STBY pin will force the device into a
standby state. If the device is being operated in the master
mode (MSTR = 1), the WCLK internal divider can be
programmed using the DIR/DILR, and BCLK pins while
the STBY pin is active. When the device is in standby, the
DOL and DOR pins will output a 50% duty cycle data stream
that will generate a 1/2 scale analog output, when averaged
through the output filter.

DIL/WDLY
Left Channel Data/Word Clock Delay Input (Pin 3)

When the DMODE pin is low, this pin is the left channel
(MSB first) 2’s complement serial data input. When the
DMODE pin is high, this pin controls the WCLK delay. A high
level on this pin will delay the WCLK an additional clock cycle
internal to the device.

DIR/DILR
Right Channel Data/Multiplexed Left — Right Data Input
(Pin 4)

When the DMODE pin is low, this pin is the right channel
(MSB first) 2’s complement serial data input. When the
DMODE pin is high, this pin is the multiplexed left then right
channel data input. If the part is being operated in the master
mode (MSTR = 1), the WCLK internal divider can be pro-
grammed by clocking control word data onto this pin with the
BCLK pin while the device is in the standby mode (STBY
=0).

BCLK
Bit Clock Input (Pin 5)

The BCLK pin provides the serial bit shift clock for the left
and right channel data in all modes of operation. A rising
edge on the BCLK pin shifts serial data into the device.

WCLK
Word Clock Output/Input (Pin 6)

The WCLK pin is used to latch the shifted serial data word
into the device. The MC145074 can accept an external word
clock when in the slave mode, or can use an internally
generated word clock when operating in the master mode.
When DMODE is low, left and right channel data is latched
into the device on the falling edge of WCLK. When DMODE
is high, left channel data is latched on the rising edge of
WCLK and right channel data is latched on the falling edge of
WCLK with both channel inputs being input to the modulator
on the next rising edge of WCLK. The internal divide ratio
used to generate WCLK, as well as the rising or falling edge
latching of the input data can be programmed using the DIR/
DILR and BCLK pins while the device is in the standby mode.

MSTR
Active-High Master Mode Select Input (Pin 7)

A high level on the MSTR pin will select the master mode
of operation. In the master mode, the MC145074 will
generate and output a word clock signal on the WCLK pin. A
low level on the MSTR pin will place the MC145074 in the
slave mode, and the WCLK signal must be provided by an
external source. The default master mode divide rate is
MODCLK/64.

Vss
Device Ground (Pin 8)

Vggs is normally connected to ground.

DOR
Right Channel Data Output (Pin 9)

DOR is the right channel modulator data output.

DIV2
Master Clock Divide Control Input (Pin 10)

DIV2is the Xjp, divide by two control pin. When cleared, the
Xin pin directly provides the modulator clock (MODCLK), and
the data output bit streams are not chopped. When this pin is
set, the Xjp, clock is divided by two to provide the modulator
clock and the output data bit stream is chopped at the Xjn, fre-
quency using an alternating 1,0 chop. The chop is used to
reduce even order distortion for a stand-alone application
without the MC145076. The reconstructed output signal will
drop 6dB due to the chopping.

Xout
Master Clock Output (Pin 11)

Xout is the inverted output signal of Xj, and may be used
for a buffered clock output or for a crystal oscillator.

Xin
Master Clock Input (Pin 12)

Xin is the input clock pin for the MC145074, and may be
used with Xgyt as the inverter for a crystal oscillator.

DMODE
Data Mode Input (Pin 13)

A low level on the DMODE pin will select the dual data pin
mode of operation. In this mode, the serial input data is
entered on the DIR and DIL pins. A high level on the DMODE
pin selects the multiplexed mode of operation. In this mode,
the left and right channel serial input data must be multi-
plexed on the DIR/DILR pin.

RESO0 and RES1
Input Data Resolution Pins (Pins 14, 15)

The RESO and RES1 pins select the length of the serial
data word input to the MC145074. The serial input data can
be 16, 18, or 20-bits in length with the most significant bits
clocked in first. Figure 9 lists the serial interface formats.

DOL
Left Channel Data Output (Pin 16)

DOL is the left channel modulator data output.

MC145074
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DMODE RES1 RESO Operating Mode

0 0 0 Dual Data Pin 16-Bit Input
0 0 1 Dual Data Pin 18-Bit input
0 1 0 Dual Data Pin 20-Bit Input
0 1 1 Factory Test Mode

1 0 0 Single Data Pin 16-Bit Input
1 0 1 Single Data Pin 18-Bit Input
1 1 0 Single Data Pin 20-Bit Input
1 1 1 Factory Test Mode

Figure 8. Serial Interface Formats

FUNCTIONAL DESCRIPTION

The MC145074 is a high precision Stereo Audio Digital—
to—Analog Converter, which utilizes a second—order sigma—
delta modulator with a patented 2-tap architecture that
significantly reduces problems normally associated with
one-bit sigma—delta technology. Normally, a second order
modulator can develop patterns in the digital output repre-
sentation of small signals and with small DC input offsets. It
is common to add dither to mask these effects, but a reduc-
tion of dynamic range can result. The implementation used in
the MC145074 has considerable immunity to these trouble-
some inputs, and without performance compromise.

With RC filtering, the MC145074 can be used as a stand—
alone stereo digital modulator for applications with modest
requirements. High performance can be realized with the
companion MC145076 Stereo Audio FIR Smoothing Filter,
which reduces the in-band IM products formed by large am-
plitude spectral components of the out-of-band noise shap-
ing, clock corruption, and power supply noise.

The MC145074 has been designed for maximum flexibility
and is well suited for high fidelity audio and multimedia
applications. If used in conjunction with a differential
MC145076 smoothing filter, a peak S/(N+D) ratio of > 100 dB
can be achieved by utilizing 18 or 20-bit input data and a
256x oversampling ratio. The MC145074 has a maximum
operating frequency of 18.5 MHz, and can be used with any
sampling rate including 32, 44.1, or 48 kHz.

The MC145074 can accept a 1x, or a 2x input clock with
serial data output chop. The device can accept 16, 18, or
20-bit digital data in a dual data pin input format, or single pin
multiplexed format. An offset scaler is included to allow 0 dB
digital inputs while maintaining low distortion. The offset,
scaled data is applied to the D/A modulator before being op-
tionally chopped (2x mode), and sent to an external smooth-
ing filter. When this device is used with the MC145076,
dividing the clock down or using the chop mode is not neces-
sary.

TIMING CIRCUIT

The internal timing circuits of the MC145074 are driven by
the Xjp clock. When the DIV2 pin is active high, the
MC145074 divides the Xjp clock by two to generate the in-
ternal modulator clock (MODCLK), and uses the Xj, clock
frequency to chop the output data using a 50% chop signal.

When the MC145074 is operated in the master mode, the
WCLK pin is configured as an output. The WCLK output is
generated by dividing down the modulator clock. The divide

ratio of the internal frequency divider can be programmed
utilizing a 5-bit control word while the MC145074 is in the
standby mode. The 5-bit control word is defined as the last
5-bits (MSB first) that are clocked into the DIR/DILR pin
using the BCLK signal. When cleared, the most significant bit
of the control word indicates that the WCLK signal is nega-
tive edge triggered (just as in the slave mode). If the most
significant bit is set, the WCLK is positive edge triggered.
The next three most significant or middle three bits of the
control word determine the value of the divide ratio of the in-
ternal frequency divider. The least significant bit of the 5-bit
control word indicates a prescaler divide by two when
cleared, and divide by three when set. The divider modes are
summarized in Figure 10.
NOTE
The default mode of operation is control word

$06 which provides a WCLK signal (negative

edge triggered) at a frequency of 1/64 the modu-

lator clock frequency. This is the preferred operat-

ing mode of 256x OSR and 4x FIR.

Control Control
Word Word
Value Divide | WCLK Value Divide | WCLK
(Hex) Ratio Edge (Hex) Ratio Edge
0 8 10 8
1 12 1 12
2 16 12 16
3 24 13 24
4 32 14 32
5 48 15 48
6 64 16 64
7 96 17 96
8 128 { 18 128 I
9 192 19 192
A 256 1A 256
B 384 1B 384
C 512 1C 512
D 768 1D 768
E 1024 1E 1024
F 1536 1F 1536

Figure 9. WCLK Divider Modes

OFFSET SCALER

Second order sigma—delta modulators typically give up
about 2 dB of dynamic range and an adjustment to the digital
input words must be made if full scale digital input word
recognition is desired. The offset scaler circuitry of the
MC145074 digitally attenuates the input linearly to 3/4 or
approximately — 2.5 dB. Figure 11 illustrates the function of
the offset scaler block. An ideal DAC would perform as
shown in curve one, but the sigma—delta modulator actually
operates as shown in curve two. The digital input words to
the MC145074 are attenuated to 3/4. This allows the
MC 145074 to operate on all 2's compliment digital inputs
from $80000 to $7FFFF, with the resulting response shown
in curve three. In addition to scaling the digital input word, the
offset scaler adds a digital dc offset of 1/8th to re—center the
digital input word so that the MC 145074 output signal is cen-
tered around Vpp/2.
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SCALER
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- SCALER TRANSFER FUNCTION 1

3
304 SCALE = - 25 0B
2

1- IDEAL

2- ACTUAL

3 - COMPENSATED

|

$80000 $TFFFF

20-BIT DIGITAL INPUT

Figure 10. Offset Scaler Operation

SERIAL INTERFACE AND CONTROL LOGIC

The serial interface and control logic of the MC145074
may be configured to accept 16, 18, or 20-bit data words by
applying the appropriate logic levels to the RES1 and RESO
pins. The DMODE input pin configures the serial interface to
accept 2's complement data (MSB first) in a dual data pin or
single pin, multiplexed input format. It should be noted that in
some cases when using the single data pin input mode and a
large OSR, the BCLK rate may be too high for some DSPs,
unless an interface circuit is added. Figure 9 shows the avail-
able serial interface formats of the MC145074.

When operating in a dual data pin mode, 2's complement
data words are serially input from the DIR and DIL pins as
shown in Figure 12. A rising edge on BCLK serially shifts in
the data present on the DIR and DIL inputs. After all data bits
of an input word are shifted in, a falling edge on WCLK

latches the data word into the MC145074. The BCLK can be
a continuous clock as long as the serial input data word is
right justified in the word time, or as long as there exists one
and only one BCLK cycle for every data bit input to the
device.

When operating in a single pin multiplexed mode, the DIR
input pin is reconfigured as the DILR pin. Left and right chan-
nel serial input data is multiplexed into the MC145074 on the
DILR pin, and is serially shifted into the part using BCLK as
shown in Figure 13. When WDLY is low, left channel data is
latched into the part on the rising edge of WCLK, and right
channel data is latched on the falling edge of WCLK. As in
the dual data pin mode, the BCLK can be either an asynchro-
nous or continuous clock as long as the serial input data
word is right justified in the word time. Forcing WDLY high al-
lows the WCLK cycle to appear one clock cycle early as
shown in Figure 14.

MC145074
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC145076

Product Preview
MC145076 Stereo Audio FIR

Smoothing Filter & o

CMOS *y CASE 751B-05
The MC145076 is a combination re—clocking and smoothing filter designed

especially for the MC145074 Stereo Audio DAC. Its versatility however, allows ORDERING INFORMATION

it to be used with any single bit-stream data converter to provide output MC145076D  SOG Package

reconstruction filtering, and to improve performance by restoring pulse shape
integrity. The MC145076 provides a well controlled, filtered output that can be
used directly, or with a current summing operational amplifier.

The MC145076 is intended to be one half of a two—chip solution for serial bit PIN ASSIGNMENT
steam DACs. The analog filtering function of the MC145076 eases the digital

filtering requirements at the input to the digital noise shaping modulator, and vopall 1@ 16 p Xout
eliminates the need for precision analog output filtering capacitors, resulting in
lower overall system cost. The MC145076 pulse shape restoration frees the %inl] 2 15 [I GND
designer from analog pitfalls that can impact performance, thereby lowering the BIAS 3 14 ] 10L
risk of new product development with a sigma—delta DAC. DIV2|; 4 13 [] GND
* Single—Ended Stereo Outputs Require no Additional Smoothing Filters ol 5 1211 anp
e 86 dB S/D, 96 dB S/N with MC145074 @ 192 x OSR Single Ended
* > 100 dB S/(N+D) @ 256 OSR, Differential Mode DRI 6 1111 10R
¢ 18.5 MHz Maximum Serial Data Input Rate TEST( 7 10 {J GND
e —80 dB Cross Channel Interference
o 72-Tap FIR with > 40 dB Alias Filtering Voo [} 8 9 ) cwkour
e Operating Temperature Range: — 40 to + 85°C
o Buffered Data Clock Output for Ease of Data Generation
¢ 16-Pin:Narrow Body SOIC Package
* Single Supply Operation: + 5V
DL 2 LEFT 144 SERIAL SHIFT REG. I
DIR 6
DIv2 __4 R % oL
TEST L 144 TAP HAMMING—]|
Xout TIMING c( )] WINDOW
X 2 AND COEFFICIENTS 13
n E—D"" CONTROL +—> GND
LOGIC 95 CLKOUT
VDDA ——————
Vppp —&——— W RIGHT 144 SERIAL SHIFT REG. |
o3 g L — 1
GND —15 ---— IOR
. 144 TAP HAMMING ]
WINDOW
BIAS C 0 COEFFICIENTS C (144 12
- GND

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection circuitry to
guard against damage due to high static volt-
Vpp [ DC Supply Voltage (Referenced to GND) 6.0 v ages or electric fields. However, precautions
Vi DC Input Voltage —_051t0 Vv must be taken to avoid applications of any volt-
in C Input Voltag G\’,\IDDD +05 age higher than maximum rated voltages to
' this high—impedance circuit. For proper opera-
Vout | DC Output Voltage GND -0.5to \ tion, Vin and Vgt should be constrained to the
Vpp +0.5 range GND < (Vi or Vout) < VDD
- - Unused inputs must always be. tied to an
lin DG Input Current, per Pin +10 mA appropriate logic voltage level (e.g., either
lout DC Output Current, per Pin +20 mA GND or Vpp). Unused outputs must be left
open.
Ipp, | DC Supply Current, Vpp and GND Pins +60 mA P
IGND
Tstg Storage Temperature -5510 150 °C
TL Lead Temperature, 1 mm from Case for 260 °C
10 Seconds
* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the Operation Ranges below.
OPERATION RANGES (Applicable to Guaranteed Limits)
Symbol Parameter Value Unit
Vpp | DC Supply Voltage 451055 \
VioL. 0L, IOR Virtual Ground Vpp-2.0toVpp \
VIorR
TA Ambient Operating Temperature -40to + 85 °C

DC ELECTRICAL CHARACTERISTICS
(Voltages Referenced to GND, Full Temperature and Voltage Ranges per Operation Ranges Table, unless otherwise indicated)

Symbol Parameter Guaranteed Limit Unit
VIH Minimum High—Level Input Voltage 0.7xVpp \
ViL Maximum Low-Level Input Voltage 0.3xVpp \
VoH Minimum High—Level Output Voltage loH = 0.4 mA Vpp-0.3 \
VoL |Maximum Low-Level Output Voltage loL=0.4mA GND +0.3 \
IbD Maximum Power Supply Current Rpias = 4640 Q 40 mA

oL, IoR | Left/Right Channel Output Current* 2120% mA
likg Input Leakage Current +10 RA

*50% Duty Cycle, VDpA =5V, Rpjas = 4640 Q

SINGLE ENDED ANALOG CHARACTERISTICS
(Xjn = 16.9344 MHz, DIV2 = 0, fi, = 990.527 Hz, 20 Bit 2nd Order Modulator Input Data)

Parameter Test Conditions Min Typ Max Unit
Dynamic Range S/(N+D) @ — 60 dB input, + 60 dB — 96 — dB
S/(N+D) Flat | (— 6 dB) 25 to 75% peak to peak input duty cycle 86 90 — dB
A-weighted | (- 20 dB) — 80"
Idle Channel Noise CLKOUTY/4 digital input data pattern — 105 — dB
60 Hz Power Supply Rejection With 47 uF and 4640 Q on Bias Pin — 40 — dB

* Noise performance limited by second order digital modulator.

MC145076 MOTOROLA
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AC ELECTRICAL CHARACTERISTICS (Full Temperature and Voltage Ranges per Operation Ranges Table)

Guaranteed

Symbol Parameter Limit Unit

f Clock Frequency, Xin 37 MHz
tPLH, tPHL | Maximum Propagation Delay, Xin to Xout TBD ns
tTLH, tTHL | Maximum Rise/Fall Time, Xqut TBD ns
tPLH, tPHL | Maximum Propagation Delay, Xin to CLKOUT TBD ns
tTLH, tTHL | Maximum Rise/Fall Time, CLKOUT TBD ns
tsu Minimum DIR, DIL Setup Time From Xjn TBD ns
th Minimum DIR, DIL Hold Time From Xjp TBD ns

NOTE: 50 pF load capacitance, X rise and fall times set at 2 ns.

TIMING WAVEFORMS

:<- 1PLH
| 90% 90%
CLKOUT 10% b
| tTLH
oy —be—n fTHL I‘—
| th
90%
Figure 1.
MOTOROLA MC145076
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PIN DESCRIPTIONS

Xin, Xout
Oscillator Inverter Input and Output (Pins 2, 16)

If an external clock is used to drive the MC145076, the
clock should be connected to Xjn pin. For maximum perfor-
mance however, it is recommended that these pins be used
in conjunction as a crystal oscillator.

BIAS
Bias Adjust (Pin 3)

For normal device operation, this pin should be connected
to ground through a 4.7 kQ resistor, which provides nominal
quiescent output current of 2 mA each channel. In addition to
the 4.7 kQ resistor, a 47 pF capacitor may be connected from
this pin to the Vpp supply.

DIV2
Active-High Clock Divider Control Input (Pin 4)

When this pin is at a logic low level, the internal clock will
be equal to the oscillator, (Xjn) frequency, and data can be
clocked into the device at an fXj/2 rate. When this pinis at a
logic high level, the internal clock is one-half the Xj, oscilla-
tor frequency, and data can be clocked into the device at an
fXin/4 rate.

DIL, DIR
Left/Right Channel Data Inputs (Pins 5,6)

These pins are the left and right digital input data pins from
the single bit-stream sigma—delta DAC. Serial input data to
the MC145076 is clocked in near the rising edge of CLKOUT.

TEST
Active-High Factory Test Mode Input (Pin 7)

This pin is reserved for factory testing, and should be con-
nected to device ground for normal device operation.

CLKOUT
Buffered Divided Clock Output (Pin 9)

This pin provides a buffered clock output to be used as the
clock source for a sigma—delta bit stream generator. The
CLKOUT frequency is one—half the Xjn, frequency if DIV2 =0,
and one-fourth the Xj, frequency if DIV2 = 1. The serial input
data is clocked in near the rising edge of CLKOUT.

IOR, IOL
Left/Right Channel Current Outputs (Pins 11,14)

These pins are the current sink outputs of the smoothed
single-bit input data.

VDDD; VDDA
Device Supply Pins (Pins 1,8)

These two pins are the positive power supply pins for the
MC145076, nominally 5 V. For proper device operation, it is
recommended that 0.1 pF and 10 uF capacitors be con-
nected from these pins to ground via the shortest possible
path.

GND
Device Ground Pins (Pins 10,12,13,15)

These pins are the ground pins for the device.

FUNCTIONAL DESCRIPTION

Serial bitstream Digital-to—Analog Converters (DACs)
have become commonplace due to their ability to use over—
sampling techniques to shape quantization noise. This noise
shaping ability enables devices to be built that do not require
the component matching of conventional architectures.

The MC145076 bitstream FIR smoothing filter consists of
two shift registers, two sets of Hamming Window weighted
current source summing networks, and a crystal oscillator in-
verting buffer.

The current source summing networks are used to imple-
ment a Hamming Window function within the MC145076.
Each current source tap sinks a constant current that does
not change with the number of bits that are set in the shift
register. Therefore, each tap acts as a separate single—bit
converter with excellent linearity characteristics. The Ham-
ming window was chosen for the FIR filter coefficients be-
cause this allows a slightly better second lobe attenuation
close to the band where the sampling images are the most
troublesome. For a 256 OSR, the MC145076 FIR filter pro-
vides greater than 40 dB of stop band attenuation, with
approximately 50 dB of attenuation at the 8x image frequen-
cies. This results in an output with full scale images of less
than — 70 dB and out-of-band noise better than — 60 dB. For
other OSR rates, the filter response scales linearly.

CRYSTAL OSCILLATOR

Provisions for an on—chip crystal oscillator are provided to
insure that the clock will be as clean as possible internal to
the MC145076 where the digital-to—analog conversion oc-
curs, thus assuring maximum performance. An output clock
buffer is provided for driving additional off—chip digital circuit-
ry such as a digital noise shaper, over-sampling FIR filter, or
DSP. The off—chip digital processing ensures that the digital
switching noise on chip is kept to a minimum.

APPLICATIONS

A smoothing filter is required when using a sigma—delta
DAC to reduce the out—of-band noise, and to prevent the
high frequencies from intermodulating to lower frequencies.
Using the MC145076 with its current sink output is easier
than a voltage output filter because it gives a degree of im-
munity to mutual ground paths between it and the next ampli-
fier.

The circuit shown in Figure 2 is excellent for most applica-
tions. However, differential operation does reduce low level
switching noise that appears as second harmonic distortion
and weak background noise. Although a simple resistor on
each current source output to VppA may be adequate for
some applications, the OpAmps provide power supply noise
rejection, and, in Figures 2 and 4, also reduce the signal
swing on the current output pin of the part to further improve
distortion.

MC145076
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MOTOROLA
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MCD212

Technical Summary
Video Decoder and System
Controller (JTAG)

This technical summary provides a brief description of the MCD212 Video
Decoder and System Controller with JTAG(VDSC/JTAG). A complete data
sheet for the MCD212 is available and can be ordered from your local Motorola
sales office. The order number is MCD212/D.

The MCD212 is a programmable, multi-scan video device capable of FU SUFFIX
providing graphics imaging and system control in one low—cost package. It is QFP PACKAGE
functionally equivalent to the MCD211 with the addition of JTAG testing. The CASE 1007-01
MCD212 is a drop—in replacement for the MCD211 if the JTAG functionality is
not required. It is particularly well suited to low—cost consumer applications that ORDERING INFORMATION
require sophisticated graphics displays such as CD—i, CD-Karaoke, Video— MCD212FU  QFP
On-Demand, andﬁ\HSet—Top Boxes. The main features of the device are as
follows: C

o Direct Interface to 680X0 Bus Compatible Devices

1 MByte ROM Control / 1 kbyte I/0 Control

Reset Sequencer, Including ROM Shadowing

4 MByte DRAM Direct Drive (256K x 4, 1M x 4, and 256K x 16 DRAM
Types Supported)

Up to 768 x 560 Screen Resolution

Capability to Display Run—Length Coded Files

256 Entry Color Look Up Table (CLUT)

Two Delta YUV Decoders

Cursor Shape, Color, and Blink Control

Overlaying of Four Video Planes with Special Effects via Weight Control,
Priority Control, etc.

Dynamic Programmable Registers and CLUT Reload in Retrace Period
Digital RGB Output (8 Bits per Component)

Synchronization with External Video (50 and 60 Hz Scan)

160-Pin Quad Flat Pack Plastic Package

e e o o o o e o o

NOTE: Supply of this Video—CD IC does not convey an implied license under any patent right to use this IC in any Video—CD application.

CD-iis a registered trademark of Philips Consumer Electronics.

MCD212 MOTOROLA
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DIFFERENCES BETWEEN THE MCD211 AND THE
MCD212

There are twc differences between the parts:

1.) JTAG testing has been added for automated board
testing. The additional pins required to do this were Vgg pins
on the MCD211. Hence, the MCD212 can be put in place of

an MCD211 and will function identically. The functionality of
the R/W, LSD, UDS, A1 — A22, RAS pins have been en-
hanced. (See PIN DESCRIPTIONS for the names of the new
pins and the changes in functionality.)

2.) Also, the processor interface timing has been improved
to allow operation with higher speed processors.

PIN ASSIGNMENT
NOTE: Pin differences between the MCD211 and MCD212 are denoted with an *.

[&) | OlO
5BBrBeeBsrenzlenlsssatlaslsnsnsiadas 35’5@5 o
° HAAAARAAAAAAAAARARAARARARAAAARARAARRARAR
VSS o :ljy“
RSTOUT | ) VoD
VDD o 0 Vss
(& XT.
= =g
RSTIN (] a0 XTAL
HALT o 0 Vss
INT (3 [0 TCK*
VDD o 0 VoD
CSROM ] 0 Vss
o o] = o
CSI0 0 OE
BERR :leA_Sl
DO (3] m%
Vlsagg gvss
= o Wit
D4 O] o MD2
D5 [ o VoD
D6 ol -0 DTACKSEL*
D7 (] 1 MD3
Vss o] EIJUD“
s o 0 Vo
VDD [0 MD5
D10 o W1 MD6
D11 o (E1 MD7
D12 o i MD8
D13 ] ] MD9
Vss o a0 Vss
D14 o 0 UWR
D15 ] 1 WR
DTACK Ca] X0 MAO
Vpp O] [0 AS*
RW O] a0 MA1
105 o] 0 MA2
322:-: O 30 MA3
o] a0 MD10
ML EEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEELE P
B YSPIZTIIIBITS2IIIBIIVRRRILIIIISFELEES
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VDSC OVERVIEW

GENERAL

The Video Decoder and System Controller with JTAG
(VDSC/MJTAG) is a CMOS device integrating a 680X0 family
system controller and video graphics decoder, see Figure 1.

The VDSC is a programmable, multi-scan video device
that can function as either a master or a slave. It can directly
drive up to 5 Mbytes1 of memory and provides chip—select
signals for system ROM and peripherals. The on—chip
DRAM controller can support up to 4 MByte of DRAM and
controls access to the unspecialized System or Video
DRAM. The CPU can access any memory location, even
during active video display lines, thereby boosting system
performance.

680X0 BUS

VDSC

The video image is made up of four separate video planes:
the cursor, two graphics planes (A and B), and one back-
ground plane. The video decoder receives two independent
video channels from the Video DRAM. Each channel has a
Real Time file decoder permitting the display of normal, run—
length and mosaic compressed files. The resulting files can
contain DYUV, CLUT, or direct RGB data. After decoding the
restilting planes, A and B can be combined with a cursor and
background allowing for visual effects like dissolves, mosa-
ics, partial updates, etc. under software control. The resulting
display is output in Red, Green, and Blue components, each
being 8 bits in width. The display resolution is programmable
up to 768 x 560.

RGB
DAC VIDEO

Figure 1. System Block Diagram

1. Inthis document a Word is defined as 16 bits and a Long-Word as 32 bits.

Hexadecimal numbers are proceeded by an h.

MCD212
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PIN DESCRIPTION

PIN VO
AR22.1] —— MA[9.0]
D[15..0] le—s= MDJ[15..0]
UpS — —> RAS z§
LDS —» e— CAS1 -
w RW ——> le— CAS2 o
BE_| O™ —> UWR =
=t DTACK «—>] —= WR
= RSTOUT <—y
- FALT <«— I R[7.0]
BERR <«— MCD212 L G[7.0]
CSROM <—, VDSCUTAG > B[7.0]
CSI0 «—i{ la—— OE w
| INT «— le—» VSYNC o=
— — HSYNC  [~25
CLK —— |——» CSYNC =
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PIN DESCRIPTIONS

System Interface

Mnemonic Type Name and Function

A1 - A22 | System ADDRESS lines. Provides address for access from the system bus. Must be stable when
UDS and/or LDS are asserted.

DO - D15 /0 Bidirectional DATA bus, three-state. Used to transfer DATA between system bus and VDSC. Must

be stable when UDS or LDS is asserted during write access. Driven by VDSC during Read cycles.
DO is the least significant bit.

(=
(7

Upper Data Strobe. Active low. When asserted, UDS indicates that data is being addressed on D8
to D15.

Lower Data Strobe. Active low. When asserted, LDS indicates that data is being addressed on DO
to D7.

| Read/Write. This input indicates transfer on the system bus. When low, indicates data is to be
written into VDSC controlled resources or internal registers. When high, indicates a read is taking
place.

D:

-
(7]

CcS | Chip Select. Active low. When asserted, indicates data transfer between System bus and VDSC
controlled resources is enabled. Validates address decode for system access.

DTACK l{e} DATA Transfer Acknowledge signal. Active low, three—state. Asserted by VDSC when the system
bus cycle, concerning VDSC controlled resources, can be continued. This pin must be pulled up
externally.

RSTOUT o RESET Output. Active low, open drain. Asserted by the VDSC Reset Sequencer during the reset
procedure. This pin must be pulled up externally.
HALT

[¢] HALT line Output. Active low, open drain. Asserted by the VDSC Reset Sequencer during the reset
procedure. This pin must be pulled up externally.

BERR [¢] BUS ERROR Output. Active low, three-state. Asserted when enabled by the VDSC Watch-dog
timer circuit if UDS or LDS is still asserted at the end of the time—out period. This pin must be
pulled up externally.

CSROM [e] Chip Select ROM Output. Active low. Asserted by an access on the system bus in the ROM
address area, and when UDS and/or LDS are asserted.

csio [¢] Chip Select /O Output. Active low. Asserted by an access on the system bus in the 1/0 area, and
when UDS and/or LDS are asserted.

INT o Interrupt request output. Active low, three—state. Used to generate interrupts to the CPU. This pin
must be pulled up externally.

Dynamic RAM Interface
Mnemonic Type Name and Function
MAO - MA9 o Memory Address lines. Multiplexed ROW/COLUMN Address line outputs for DRAM control.
MDO - MD15 /O Bidirectional Memory Data bus, three-state. Used to transfer data between DRAM bus and VDSC.
Stable when LWR and/or UWR is asserted during a write cycle. Driven by VDSC during Read
cycles. MDO is the least significant bit.
RAS [0} Row Address Strobe. Active low. Validates the DRAM row address on the falling edge.
CAS1 110 Column Address Strobe for memory bank 1. Active low, three—state. Validates the DRAM column
address on the falling edge. Input during reset sequence to select/deselect memory bank 1. Active
High validates bank inputs.
CAS2 lle} Column Address Strobe for memory bank 2. Active low, three—state. Validates the DRAM column
address on the falling edge. Input during reset sequence to seiect/deselect memory bank 2. Active
High validates bank inputs.
UWR o Write signal for DRAM. Active low. It is asserted when writing MD8 — MD15 to the DRAM.
LWR o Write signal for DRAM. Active low. it is asserted when writing MDO — MD7 to the DRAM.
MCD212 MOTOROLA
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Video Interface

Mnemonic Type Name and Function

RO-R7 (o] Red color output (R7 = MSB, RO = LSB). Three-state.

GO0 - G7 (o] Green color output (G7 = MSB, GO = LSB). Three—state.

B0 - B7 [¢] Blue color output (B7 = MSB, BO = LSB). Three-state.

OE | Output Enable. Active high. It disables three—state of RGB output.

VSYNC 110 Vertical Synchronization. Active low. In Master mode, this output is used as Vertical synchronization
signal for monitor. In Slave TV mode it becomes a vertical synchronization Input.

HSYNC (o] Horizontal Synchronization. Active low. This output is used as a horizontal synchronization signal.

CSYNC [e] Composite synchronization. Active low. This output is used as a composite synchronization signal.

BLANK o Blanking output. Active low. It is asserted during vertical and horizontal blanking periods and high
the rest of the time.

VSD o Video Select for Digital video. Active low. This signal is synchronous to the digital video output.

VSA o Video Select for Analog video. Active low. This signal is a XT2 clock cycle delayed version of VSD
and synchronous to analog video after clocked D/A conversion.

MS | Master/Slave TV mode selection input. When high the VDSC generates the video timing. When low

the vertical synchronization can be slaved to an external video timing.

JTAG Test Signals

Mnemonic Type Name and Function

TCK | JTAG Test Clock Input. Provides the clock for the test logic defined by IEEE Std. 1149.1-1990.
100k Ohm internal pullup.

T™S | JTAG Test Mode Select Input. The signal decoded by the TAP controller to control test operations,
defined by IEEE Std. 1149.1-1990. 100k Ohm internal pullup.

TDI | JTAGE Test Data Input. Pin at which serial test instructions and data are received by the test logic,
defined by IEEE Std. 1149.1-1990. 100k Ohm internal pullup.

TDO oT JTAG Test Data Output. Three—state.Serial output for test instructions and data from the test logic
defined by IEEE Std. 1149.1-1990.

A23 oT System ADDRESS line (three-stated in functional mode). During JTAG EXTEST, A23 may drive
system address line A23 off—chip.

AS OT  System ADDRESS STROBE (three-stated in functional mode). During JTAG EXTEST, AS may
drive the system address strobe line AS off-chip.

DTACKSEL | Selects advance time of the falling edge of DTACK before data (read) is valid on pins DO — D15.

For designs using 68000/68070-16 or 68340/341-16 series processors, tie DTACKSEL low; for
68340/341-25 designs, tie DTACKSEL high.

Miscellaneous Signals

Mnemonic Type Name and Function

CLK | External clock Input.

RSTIN | Reset input. Active low. Schmitt trigger. Initiates a reset sequence.

CLK2 o CLK/2 clock output. Frequency is CLK frequency divided by 2.

CLK2 o CLK/2 clock output. Frequency is CLK frequency divided by 2. Inverse of XT2.
XT4 o CLK/4 clock output. Frequency is CLK frequency divided by 4.

TST | Test input. Active high. Must be grounded to Vgg in normal operation.

SEN I Scan enable. Active high. Must be grounded to Vgg in normal operation.

Vbp | Power supply pins (5 Volts).

Vss | Power and signal GROUND pins.

N.B. : All the pins are TTL compatible, except for XTAL and RSTIN which use CMOS levels.

MOTOROLA MCD212
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PIN TYPES
CMOS input

CMOS Schmitt input
TTL input
6 mA output

12 mA output
16 mA output

:CLK
:RSTIN
:all inputs except XTAL, RSTIN

:CSIO, CSROM
:RAS, CAS1, CAS2

HARDWARE AND SOFTWARE

The VDSC consists of 12 major blocks which are depicted

in the Internal Block Diagram.

INTERNAL BLOCK DIAGRAM

l«—» UJWR

l«— |WR

l«—» CAS1

[«<— MA[9..0]
[e—> MDJ[15..0]

:D0 - D15, RSTOUT, HALT, BERR, INT, MDO — MD15, MAO — MA9, LWR, UWR, R0 - R7,

DRAM
Ale2.1] CONTROL -~ M
D[15.0] «—> VSYN
FE DisPLY [ HSYNC
e CONTROL > CSvNe
——» BIANK
__Gs HOST > V5
DTACK <*—1 |F | ——» VSA
RSTOUT
HALT
BERR
CSROM
IS'—(T) ICA2/DCA2 ICA1/DCA1 ICA1/DCA1
- CONTROL CONTROL INSTRUCTIONS
TCK —
™S DESPLAY DISPLAY
TDI JTAG FILE FILE
DTACKSEL —— DECODE 2 DECODE 1
seL TEST REAL visuAL [ R0
IF TIME EFFECTs [ G(:0)
A% DECODER —— B(7:0)
MISC.
ICA2/DCA2
T I I 1 I T I T T INSTRUCTIONS
x|z TEZag
3R EEEES
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INTERNAL FUNCTIONS

The VDSC contains two video graphics planes controllers.
These two planes are independent, although they can be
used together and combined to form a single external dis-
play. The internal functions consist of the ICA and DCA
instruction decoder and control functions. The real-time de-
coder decodes Delta YUV natural images, CLUT (Color
Look-Up Table), and Run—Length files.

EXTERNAL INTERFACES
The external interfaces are as follows:

o Host Interface
o DRAM Control
« Display Control
o Visual Effects

o Miscellaneous

Host Interface

The VDSC communicates with the host via the host inter-
face. The host interface consists of a 16 bit wide bi—direc-
tional bus, the address bus, and all the necessary signals for
interrupt, register access, and DMA.

DRAM Control

The VDSC has an on—chip Dynamic RAM controller. It
supports several DRAM configurations (256K x 4, 1M x 4,
and 256K x 16) up to 4 MByte and performs DRAM arbitra-
tion, address multiplexing, timing generation, refresh and

controls access to the unspecialized system or video DRAM.
The central processor can access any memory location,
even during active video display lines, thereby boosting sys-
tem performance.

Display Control

The video display is made up of four separate video
planes: the cursor, two graphics planes (A and B), and one
background plane. The video decoder receives two indepen-
dent video channels from the Video DRAM. Each channel
has a Real Time file decoder permitting the display of normal,
run—length, and mosaic compressed files. The resulting files
can contain DYUV, CLUT, or direct RGB data.

Visual Effects

The two graphics planes, A and B, from the display control
can be combined with a cursor and background allowing for
visual effects like dissolves, mosaics, partial updates, etc.
under software control. The resulting display is output in
Red, Green, and Blue components, each being 8 bits wide.
The display resolution is programmable up to 768 x 560.

Miscellaneous
The miscellaneous block contains the clocking, timing, and
chip control logic.

SOFTWARE

The VDSC is a very flexible video display processor. Visu-
al special effects and display control are both under software
control on either a display line by display line basis (DCA) or
a field by field basis (ICA).

MOTOROLA
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REGISTER MEMORY MAP

Read/Write,

Write
Address or

Name (in Hex) 15 (14 |13 |12 | 11 10 9 8 7 5 3 2 1 0 Read Only
CSR1R 4FFFF1 X X X X X X X x | DA PA X X X X READ
CSR2R 4FFFE1 X X X X X X X X X X x | IT1 |[IT2 | BE READ
CSR1W 4FFFFO  IDI1 | x | x | x b3 x |DD1|DD2| x TD DD | x | ST | BE WRITE
CSR2w 4FFFEO DI2 | x X X X X X X X X X X X X WRITE
DCR1 4FFFF2 [|DE [CF | FD [SM [CM1| 0 [IC1 |DC1{ x * * * * * WRITE
DCR2 4FFFE2 X X X x [CM2] 0 |IC2 |DC2| x * * * * * WRITE
DDR1 4FFFF8 X X X x |MF1|MF2|FT1 |FT2| x * * * * * WRITE
DDR2 4FFFE8 x | x | x x |MF1[MF2|FT1 |FT2| x * * * * * WRITE
VSR1 4FFFF4 * * * * * * * * * * * * * * WRITE
VSR2 4FFFE4 * * * * * * * * * * * * * * WRITE
DCP1 oo N I L L L R R A A . ot x| x WRITE
DCP2 4FFFEA * * * * * * * * * * * * X X WRITE

MCD212 MOTOROLA

2-202



ELECTRICAL SPECIFICATIONS

OPERATING RANGE
The limits for operating the device are as follows:

Ambient Temperature (TA) ...........oovenn. 0°C to 70°C
Voltage, VDD «« v v vviiiiie e 5V +10%
Voltage, VSS .« vvvi i oV
ABSOLUTE MAXIMUM RATINGS* (Voltages Referenced to Vgg, Unless Otherwise Noted)
Symbol Parameter Min Max Unit This device contains protection circuitry to
guard against damage due to high static volt-
Vpp | Supply Voltage -0.5 +7.0 v ages or electric fields. However, precautions
v Input Vol 15 V 15 v must be taken to avoid applications of any volt-
! nput Voltage DD+ age higher than maximum rated voltages to
Vo Output Voltage -05 Vpp +0.5 \ this high—-impedance circuit.
lo Output Current — +25 mA
P4 Power Dissipation — 1200 mwW
Tstg Storage Temperature -65 +150 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics
tables or Pin Descriptions section.

DC ELECTRICAL CHARACTERISTICS (Vpp =5V +10%, Vgg =0 V, Ta = 0 to + 70°C, Unless Otherwise Noted)

Parameter Symbol Conditions Min Max Unit

Operating Supply Current IDD V|=Vpp orVss - 220 mA
XTAL at 30.3 MHz
Input Voltage VIH 0.7 Vpp — \
(CMOS Input) ViL — 0.3Vpp
Input Voltage VIH Vpp=45V 2.0 —_ \
(TTL Input) Vpp=55V 2.2 —
ViL Vpp=55V —_ 0.8
CMOS Schmitt Trigger VT4 Vpp=45V-55V 2.0 4.0 \"
Input Voltage V- 1.0 3.1
Hysteresis—-Schmitt CMOS Vpp=45V-55V 0.16 Vpp 0.33Vpp v
Input Leakage Current ] V|=VpporVss -5 5 HA
Output Voltage VOH lo=-6mA,Vpp=45V 35 — Vv
(6 mA output type) VoL lo=6mA,Vpp=4.5V — 0.4
Output Voltage VOH lo=-12mA,Vpp=4.5V 3.5 — '
(12 mA Output Type) VoL lo=12mA,Vpp=45V — 0.4
Output Leakage Current loz -10 10 HA
Input Capacitance Cin Vpp=V|=0V - 15 pF
Output Capacitance Cout — 15 pF
MOTOROLA MCD212
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APPLICATIONS EXAMPLES

VDSC/CD-i ARCHITECTURE

There are two different configurations of CD-i players cur-
rently on the market. The base case player does not support
MPEGH1 full motion video but uses the VDSC to generate the
on-screen graphics and menu bars and short video clips us-
ing Delta YUV (DYUV) decoding. The extended player, on
the other hand, also uses the VDSC in the same manner, but

in addition, has an MCD270 (IMPEG) or MCD251 (FMV) chip
on-board to provide MPEG1 Full Motion Video decoding
(see Figure 2). In the extended player, the VDSC is the dis-
play master generating VSYNCs and HSYNCs and control-
ling overlays and display of the MPEG1 display (see
Figure 3).

CD FRONT END BASE CASE AUDIO
:%03 AUDIO DAC
CONTROD [ WGD221 CiAp—CISTAL_
DECODER
CD DRIVE Heosis | [ Mcesast
PROC. PROC.
| 680X0BUS
VIDEO SYNC
DRAM
IMPEG
i CONTROLLER
BT 1 MBYTE DRAM
DRAM
256K x 16 DRAM
BASE CASE VIDEO MCMS54260B-70

Figure 2. VDSC/CD-i Architecture
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DIGITAL VIDEO MULTIPLEXING BETWEEN VDSC AND
IMPEG AND AN AUDIO CONNECTION

'SD
VDSC out 24 BIT VIDEQ
MCD212
- VIDEO
OE XT3 R
o o . ) DATA —— G
5 g 3 —
3 > DAC
IMPEG VOE
C2PIX
AUDIO
® MCD270
g o Iis — L
o
CLK CIAP}—— R
Figure 3. VDSC/CD-i Example
ANALOG VIDEO SWITCHING
VSA
VDSC
24 BIT VIDEO DATA
mcb212 MCD44200
XT2 CLOCK
DAC ] o
(&} (&} I
I Sle
| > =
@ B
IMPEG
C2PIX CLOCK
MCD270 MCD44200
24BITVIDEO
1 DATA
DAC
Figure 4. Analog Video Switching Example
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VIDEO ON DEMAND

The VDSC/JTAG can be used in a video on demand (set-
top box) application to provide a Graphical User Interface
(GUI), to provide on—screen graphical displays, text, menus,
or short Delta YUV or Run-Length encoded video clips as
illustrated in Figure 5. The VDSC can interface with either a
MPEG1 or MPEG2 full motion video display processor. In the
example in Figure 5, an MPEG1 video and audio stream is
carried over an asymmetric digital subscriber loop (ADSL)
line in an MPEG2 transport stream. A transport stream de-

coder separates the conditional access data and the video
and audio streams from the transport stream. The video and'
audio streams are directed to IMPEG and the conditional ac-
cess data to the Smart Card controller. The on-screen dis-
play is generated by using an MCD212 (VDSC/JTAG). The
video and audio output stages are identical to those in the
CD-i application described earlier. Figure 5 also shows the
MCD214 which can be used in place of the MCD211/212. It
provides CCIR601 timing and makes interfacing to most
MPEG2 video decoders simpler.

MPEG2 CONDITIONAL
ADSL ACCESS/TRANSPORT INTEGRATED
STREAM DECODER PROCESSOR
MC68340
(2]
2
o
=
&
52 « EPROM
Ie
o (MPEG1)
3L MCD270
=0
=
ON SCREEN
AUDIO VIDEO DISPLAY
MCD211/212/214
AUDIONVIDEO
OUTPUT
MC44200/MC13077
SMART CARD
68HCO5SCxx

Figure 5. Video On Demand Example
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Technical Summary
Video Decoder And System
Controller (VDSC)

This technical summary provides a brief description of the MCD214 Video
Decoder and System Controller (VDSC). A complete data sheet for the
MCD214 is available and can be ordered from your local Motorola sales office.
The order number is MCD214/D.

The MCD214 is a CMOS device integrating a 68000/68300 family system
controller and a CD—i video decoder and is designed for use in CD-i players,
Digital Entertainment Terminals (Set—Top Boxes), and similar applications.

Features:

Direct Interface to 680X0 Bus Compatible Devices

1 MByte ROM Control / 1 kbyte /O Control

Reset Sequencer, Including ROM Shadowing

4 MByte DRAM Direct Drive (256K x 4, 1M x 4, and 256K x 16 DRAM
Types Supported)

Up to 768 x 560 Screen Resolution

Capability to Display Run—Length Coded Files

256 Entry Color Look Up Table (CLUT)

Two Delta YUV Decoders

Cursor Shape, Color, and Blink Control

Overlaying of Four Video Planes with Special Effects via Weight Control,
Priority Control, etc.

Dynamic Programmable Registers and CLUT Reload in Retrace Period
Digital RGB Output (8 Bits per Component)

Synchronization with External Video (50 and 60 Hz Scan)

160-Pin Quad Flat Pack Plastic Package

CCIR 656 Timing Compatible

RGB and CbYCrY Multiplexed Inputs

Digital RGB and YCrCb Outputs (8 Bits per Component)

MCD214

FU SUFFIX
QFP PACKAGE
CASE 1007-01

ORDERING INFORMATION
MCD214FU QFP

NOTE: Supply of this Video—CD IC does not convey an implied license under any patent right to use this IC in any Video—CD application.

CD-iis a registered trademark of Philips Consumer Electronics.

MOTOROLA
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Functional Differences Between MCD212 and MCD214:

¢ The MDC214 incorporates a new display mode allowing operation with a
27 MHz input clock and producing a (double resolution) pixel rate of 13.5
MHz along a video line. Standard display resolution in this mode will be:

360 pixels x 240/280 lines (normal resolution, non—interlace)
720 pixels x 480/560 lines (double resolution, interlace)

o All standard and non—standard horizontal and vertical modes available in
the MCD211 and MCD212 remain available in the MCD214 (PAL, NTSC).

« Two register bits are required to determine the crystal frequency used (CF,
CF2). To allow optimal compatibility of new system modes with existing
software titles (and vice—versa) two standard bits (ST, ST2) will determine
how to display picture files prepared for use on other systems.

* Video output is selectable (not dynamically) between RGB and multiplexed
CpYC,Y formats, the latter being compatible with CCIR-656 format.

¢ In multiplexed mode, one of two incoming CpYC;Y multiplexed video
streams may be selected, under register control, to be mixed with the video
graphics output. This multiplex, controlled internally by the VSD signal, will
allow an additive mix of the graphic upon the incoming video stream, the
latter taking the place of the backdrop. Switching can be restricted to occur
only between co-sited CpYC,Y samples.

e MCD214 may operate as video master, producing as outputs HSYNC and
VSYNC.

* MCD214 may operate as a slave to an alternative video master which
shares the same system clock (SYNCHRONOUS slave mode). VSYNC
and HSYNC are inputs. Under register control, one incoming HSYNC may
be captured to initialize internal counters: HSYNC is thereafter monitored
for erroneous timing or glitches. In this event MCD214 will be capable of
generating an interrupt.

e MCD214 may also act as a slave to a video master which does not share
the same system clock, e.g. another piece of video equipment (ASYNCH-
RONOUS slave mode). VSYNC is an input, HSYNC remains an output.
HSYNC and the incoming HSYNC from the video master, drive an external
Phase Locked Loop which regulates the frequency of the local clock XTAL.
This effectively locks HSYNC to the incoming HSYNC.

¢ In SYNCHRONOUS slave mode only, under register control, the display
may be offset vertically and/or horizontally relative to the captured HSYNC
and the incoming VSYNC signals. The shift is intended as a system—re-
lated function, not dynamically programmable by application.

¢ MCD214 may be programmed in slave mode to accept either field (pulse)
or frame (square wave) format signals, the level of the latter indicating cur-
rent field in interlace mode (field 1 or field 2).

* The system controller interface will be compatible with both 68000 and
68300 bus protocols and will be able to dynamically switch between these
protocols, consistent with the functionality of the 68341 device.

o In RGB mode, when V3D is active, under ICA/DCA control, RGB outputs
will be three—stated automatically using VSD (there is no OE pin). With
VSD not active, RGB outputs will remain active and the backdrop color will
be visible during display where appropriate.

o A clock-switching circuit within MCD214 allows selection between one of
two clock frequencies, under control of the XS (crystal select) control bit.
The clock switch will occur during blanked display, towards the end of the
complete frame during which the change in XS occurred. )

e MCD214 will only operate with 4-bit DRAM, or with 16-bit DRAM chips
with two CAS inputs and one write—enable input (lower—byte CAS/upper—
byte CAS/write enable). Note that MCD211 and MCD212 accommodate
16-bit DRAMs with a single CAS input and two write enable inputs (upper
and lower byte).

o The following pin functions present in MCD212 will not be implemented in
MCD214:

CSYNC, BLANK, CSIO, OE, VSA, XT2, XT4.

o The design of the MCD214 will ensure that where possible, the device will
be backwards compatible with MCD211 and MCD212 with respect to both
function and pinout.
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PIN ASSIGNMENT
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SIGNAL DESCRIPTIONS
System Interface

Mnemonic

AO ... A22

DO ... D15

SIzo

DTACKSEL

DTACK

RSTOUT

HALT

Type
110

/0

[l[e]

110

l[e}

l[e]

110

110

[l[e]

O/D

o/D

orr

PIN DESCRIPTIONS

Name and Function

System ADDRESS lines (SIMPLE INPUTS in functional mode). Provides
address for access from the system bus. Must be stable when UDS and/or
DS are asserted or when DS is asserted (68300 protocol). During JTAG
EXTEST, A0 ... A22 may drive system address lines A0 ... A22 off—chip.

Bidirectional DATA bus, three—state. Used to transfer DATA between system
bus and the MCD214. Must be stable when UDS or LDS is asserted during
write access. Driven by the MCD214 during Read cycles. DO is the least
significant bit.

Upper Data Strobe (SIMPLE INPUT in functional mode). Active low. When
asserted, UDS indicates that data is being addressed on D8 to D15 (68000
protocol). During JTAG EXTEST, UDS may drive the UDS line off—chip.

Lower Data Strobe (SIMPLE INPUT in functional mode). Active low. When
asserted, LDS indicates that data is being addressed on DO to D7 (68000
protocol). During JTAG EXTEST, LDS may drive the LDS line off-chip.

Data Strobe (SIMPLE INPUT in functional mode). Active low. When
asserted, DS indicates that data is being addressed. DSN is asserted if the
68300 bus protocol is used. If a single byte of data is transferred (SIZ0 = 1),
AQ indicates whether data is being addressed on DO to D7 (A0 = 1) or on D8
to D15 (A0 = 0). During JTAG EXTEST, DS may drive the DS line off-chip.

Transfer Size (SIMPLE INPUT in functional mode). Indicates the number of
bytes remaining to be transferred. When low, indicates Word (two bytes)
transfer. When high, indicates Single Byte transfer. During JTAG EXTEST,
SIZ0 may drive the SIZ0 line off—chip.

Read/Write (SIMPLE INPUT in functional mode). The input signal indicates a
transfer on the system bus. When low, it indicates data is to be written into
MCD214 controlled resources or internal registers. During JTAG EXTEST,
R/W may drive the R/W line off—chip.

Selects advance time of falling edge of DTACK before data is valid on pins
D0 - D15. (See AC Electrical Characteristics, timings 22, 22a.) For designs
using 68000/68070—16 or 68340/341-16 series processors, tie DTACKSEL
low; for 68340/341-25 designs tie DTACKSEL high.

Chip Select. Active low. When asserted, indicates data transfer between
system bus and MCD214 controlled resources is enabled. Validates address
decode for system access.

DATA Transfer Acknowledge signal. Active low, three—state. Asserted by the
MCD214 when the system bus cycle, concerning MCD214 controlled
resources, can be continued. This pin must be pulled up externally.

RESET Output. Active low, open drain. Asserted by the MCD214 Reset
Sequencer during the reset procedure. This pin must be pulled up externally.

HALT Line Output. Active low, open drain. Asserted by the MCD214 Reset
Sequencer during the reset procedure. This pin must be pulled up externally.

BUS ERROR Output. Active low, three-state. Asserted when enabled by the
MCD214 Watch-dog timer circuit if data strobes (DS or UDS/LDS) are still
asserted at the end of the time—out period. This pin must be pulled up
externally.

Chip Select ROM Output. Active low. Asserted by an access to an address in
the range $4FFBFF.

MCD214
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INT orr Interrupt request output. Active low, three—state. Used to generate interrupts
to the CPU. This pin must be pulled up externally.

Dynamic RAM Interface

Mnemonic Type Name and Function
MAO ... MA9 (o] Memory Address lines. Multiplexed ROW/COLUMN Address line outputs for
DRAM control.
MDO ... MD15 /0 Bidirectional Memory Data bus, three—state. Used to transfer data between

DRAM bus and the MCD214. Stable when WR is asserted during a write
cycle. Driven by the MCD214 during Read cycles. MDO is the least significant
bit.

RAS orr Row Address Strobe (cannot be three-stated in functional mode). Active low.
Validates the DRAM row address on the falling edge. In JTAG mode, RAS
may be placed in an inactive drive (high impedance) state.

UCAS1 l{e} Column Address Strobe for upper byte of DRAM memory bank 1. Itis
asserted when reading, and when writing MD8 ... MD15 of DRAM bank 1.
Active low, three—state. Validates the DRAM column address on the falling
edge.
Itis an input during reset sequence to select/deselect memory bank 1. Active
high validates the bank.

UCAS2 /0 Column Address Strobe for upper byte of DRAM memory bank 2. Itis
asserted when reading, and when writing MD8 ... MD15 of DRAM bank 2.
Active low, three—state. Validates the DRAM column address on the falling
edge.
Itis an input during reset sequence to select/deselect memory bank 2. Active
high validates the bank.

LCAS1 110 Column Address Strobe for lower byte of DRAM memory bank 1. Itis
asserted when reading, and when writing MDO ... MD7 of DRAM bank 1.
Active low, three—state. Validates the DRAM column address on the falling
edge.

LCAS2 /(o) Column Address Strobe for lower byte of DRAM memory bank 2. Itis
asserted when reading, and when writing MDO ... MD7 of DRAM bank 2.
Active low, three—state. Validates the DRAM column address on the falling

edge.
WR o Write signal for DRAM. Active low.
Video Interface
Mnemonic Type Name and Function
RGB | RGB/CCIR-601 output mode select. To be connected to Vpp to select RGB

output mode, or Vgg to select CCIR-601 output mode. Connection to Vgg
ensures no contention occurs at power—up on the CCIR—601 input lines
R_YA(7:0) and B_YB(7:0). (These are configured as outputs in RGB mode.)

R_YA(7:0) /0 RGB = 1: Red color output (R7 = MSB, RO = LSB). Three—state.
RGB = 0: Multiplexed Luminance and Chrominance inputs for incoming video
stream A. To be internally multiplexed with CCIR-601 graphics.

G_Y(7:0) or RGB = 1: Green color output (G7 = MSB, GO = LSB). Three—state.
RGB = 0: Multiplexed Luminance and Chrominance output (CCIR-601
compatible). First pixel on line is C, followed by Y, Cy, Y. This repeats for the
duration of the line.

B_YB(7:0) 110 RGB = 1: Blue color output (B7 = MSB, BO = LSB). Three~state.
RGB = 0: Multiplexed Luminance and Chrominance inputs for incoming video
stream B. To be internally multiplexed with CCIR-601 graphics.

MOTOROLA MCD214
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VSYNC /0 Vertical Synchronization. Active low. In master mode, this output is used as
Vertical Synchronization signal for monitor. In slave TV mode it becomes a
Vertical Synchronization Input.

HSYNC /0 Horizontal Synchronization. Active low. In master mode, this output is used as
Horizontal Synchronization signal for the monitor. in slave TV mode it
becomes a Horizontal Synchronization input.

vsD o Video Select for Digital video. Active low. This signal is synchronous to the
digital video output.

Ms | Master/Slave TV mode selection input. When high the MCD214 generates
the video timing. When low, synchronization can be slaved to an external

n video timing source.
Miscellaneous Signals
Mnemonic Type Name and Function

XTAL | External clock input.

XTAL1 | Clock input to clock switching circuit. Selected by XS = 0.

XTAL2 | Clock input to clock switching circuit. Selected by XS = 1.

XTALOUT (o] Output for selected clock (XTAL1 or XTAL2).

RSTIN | Reset input. Active low. Schmitt trigger. Initiates a reset sequence.

XT2 (o} XTAL/2 clock output. Frequency is XTAL frequency divided by 2.

TST | Test input. Active high. Must be grounded to Vgg in normal operation.

SEN | Scan enable. Active high. Must be grounded to Vgg in normal operation.

JTAG Specific Pins
Mnemonic Type Name and Function

TCK I JTAG Test Clock Input. Provides the clock for the test logic defined by IEEE
Std 1149.1-1990.100 k ohm internal pull-up.

T™MS | JTAG Test Mode Select Input. The signal decoded by the TAP controller to
control test operations, defined by IEEE Std 1149.1-1990. 100 k ohm internal
puli-up.

TDI | JTAG Test Data Input. Pin at which serial test instructions and data are
received by the test logic, defined by IEEE Std 1149.1-1990. 100 k ohm
internal pull-up.

TDO or JTAG Test Data Output. Three—state. Serial output for test instructions and
data from the test logic defined in the IEEE Std 1149.1-1990.

A23 orr System ADDRESS line (three—stated in functional mode). During JTAG
EXTEST, A23 may drive system address line A23 off—chip.

AS orT System ADDRESS STROBE (three-stated in functional mode). During JTAG
EXTEST, AS may drive system address strobe line off-chip.

Vbp | Power supply pins (5 volts).

\Vss | Power and signal ground pins.

MCD214 MOTOROLA

2-212



BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

The MCD214 is a CMOS device integrating a
68000/68300 family system controller and CD—i video de-
coder.

Used with a 68341 processor, the MCD214 will be able to
decode both 68000 protocol and 68300 protocol read/write
accesses.

The MCD214 can directly drive up to 5 Mbytes of memory
and provides chip select signals for system ROM and periph-
erals. The on—chip DRAM controller can support up to
4 MBytes of DRAM and control access to the unspecialized
System or Video DRAM. The CPU can access any memory
location even during active video display lines, thus boosting
system performance.

The video decoder receives two independent video chan-
nels from the Video DRAM. Each channel has a real time file
decoder permitting the display of normal, run-length, and
mosaic compressed files. The resulting files can contain
DYUV, CLUT, or direct RGB data. After decoding, the result-

68000/68300 BUS

ing planes A and B can be combined with a cursor and back-
drop allowing for visual effects like dissolves, mosaics,
partial updates, etc. under software control. The resulting
display is available in Red, Green, and Blue components,
8 bits each.

Alternatively the output is available in multiplexed CpYCY
format, in this case one of two incoming multiplexed data
streams may be internally mixed with the graphics, replacing
the backdrop (typically used to superpose MCD214 graphics
upon a digital moving picture).

The display resolution is programmable up to 768 pixels
horizontally x 560 lines vertically.

The MCD214 has a JTAG boundary scan interface, com-
pliant with the rules and specifications of IEEE Std
1149.1-1990 (May 1990), accommodating boundary scan
instructions EXTEST, SAMPLE-PRELOAD, IDCODE, BY-
PASS.

VDSC RGB OR
DA —>
MCD214 ¢ YCbCr
VIDEO
DRAM

Figure 1. Subsystem Using the MCD214

MCD214
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MEMORY MAP

Table 1. Channel 1

Address (HEX) Register Description
$4FFFF1 CSR1R Status register 1
$4FFFFO CSR1W Control register 1
$4FFFF2 DCR1 Display command register 1
$4FFFF4 VSR1 Video start register 1
$4FFFF8 DDR1 Display decoder register 1
$4FFFFA DCP1 DCA pointer 1

Table 2. Channel 2

Address (HEX) Register Description
$4FFFE1 CSR2R Status register 2
$4FFFEOQ CSR2wW Control register 2
$4FFFE2 DCR2 Display command register 2
$4FFFE4 VSR2 Video start register 2
$4FFFE8 DDR2 Display decoder register 2
$4FFFEA DCP2 DCA pointer 2

Table 3. Generic

Address (HEX) Register Description
$4FFFDC VDO Vertical display offset
$4FFFDE HDO Horizontal display offset

MOTOROLA MCD214
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ELECTRICAL SPECIFICATIONS

OPERATING RANGE

The limits for operating the device are as follows:

Ambient Temperature (TA) ......ccovvuennenn. 0°C to 70°C
Voltage, VDD «+vvvvvriniiniiiiiiiiiiinennss 5V+10%
Voltage, VSS ...vvviriiiiiiiiiiiiiii i ov

ABSOLUTE MAXIMUM RATINGS* (Voltages Referenced to Vgg, Unless Otherwise Noted)

This device contains protection circuitry to
guard against damage due to high static volt-
ages or electric fields. However, precautions
must be taken to avoid applications of any volt-
age higher than maximum rated voltages to
this high~impedance circuit.

Symbol Parameter Min Max Unit
Vpp | Supply Voltage -05 +7.0 Vv
\ Input Voltage -1.5 Vpp +1.5 \"
Vo Output Voltage -05 Vpp+05 | V
lo Output Current - +25 mA
P4 Power Dissipation — 1200 mw
Tstg Storage Temperature -65 +15Q °C

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics

tables or Pin Descriptions section.

DC ELECTRICAL CHARACTERISTICS (Vpp =5 V £10%, Vgs =0V, Tp =0 to + 70°C, Unless Otherwise Noted)

Parameter Symbol Conditions Min Max Unit
Operating Supply Current Ibb V|=VpporVss — TBD mA
XTAL at 30.3 MHz
Input Voltage (CMOS Input) VIH 0.7Vpp —_ \
ViL — 0.3Vpp
Input Voltage (TTL Input) VIH 20 _ \
ViL . 0.8
CMOS Schmitt Trigger Input Voltage VT4 Vpp=45V-55V 2.0 3.4 \
\'A 15 26
Hysteresis—Schmitt CMOS Vpp=45V-55V 0.11Vpp 0.18 Vpp v
Input Leakage Current I Vi=VpporVss -1.0 1.0 pA
Output Voltage (4 mA Output Type) VoH lo=—-4mA,Vpp=45V 37 - \
VoL lo=4mA,Vpp=45V — 0.4
Output Voltage (8 mA Output Type) VOH lo=-8mA,Vpp=45V 37 — v
VoL lo=8mA,Vpp=45V — 0.4
Output Voltage (16 mA Output Type) VOH lo=-16mA,Vpp=45V 37 — \
VoL lo=16mA,Vpp=45V — 0.4
Output Leakage Current loz -5.0 5.0 pA
Input Capacitance Cin Vpp =Vj=0V —_ 10 pF
Output Capacitance Cout — 125 pF
MCD214 MOTOROLA
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APPLICATIONS

VIDEO ON DEMAND stream decoder separates the conditional access data and

In the Video On Demand example shown below, the the video and audio streams from the transport stream. The
MCD270 may be used as the decoder section of a video on video and audio streams are directed to the MCD270 and the
demand integrated receiver decoder. MPEG1 video and au- conditional access data to the smart card controller. The on—
dio streams are carried over an asymmetric digital subscriber screen display is generated by the MCD214.

loop (ADSL) in an MPEG2 transport stream. A transport

MPEG2 CONDITIONAL
—|  ADsL ACCESS/TRANSPORT INTEGRATED
STREAM DECODER PROCESSOR
MC68340
w
=1
o
=
5
se & EPROM
g2 IMPEG
28 (MPEG1)
52 MCD270
=0
<+=
DSC
AUDIO VIDEO Mo
AUDIONIDEO
MC44200/MC13077
1 SMART CARD
68HC05SCxx

Figure 2. Video on Demand Example
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Technical Summary
CD-Interface and Audio
Processor (CIAP)

This technical summary provides a brief description of the MCD221
CD-Interface and Audio Processor. A complete data sheet for the MCD221 is
available and can be ordered from your local Motorola sales office. The order
number is MCD221/D.

The MCD221 has two main functions. The first is to form an interface
between a CD drive unit and a CD—-i or Photo—CD player. The connection to the
drive is designed for both applications and can be either a Digital Out (EBU
standard) interface, or an I2S plus subcode interface. The host interface can be
either a 68000 interface for CD-i players, or a serial (SPI) interface for
Photo—CD.

The second function of the MCD221 is to decode ADPCM (CD-i base case)
audio, to perform audio mixing functions as specified in the Green Book, and to
be able to add external audio to the base case audio. The MCD221 can also be
used for handling the ADPCM decoding for Photo—CD.

The main features of the MCD221 are as follows:

e Accepts Audio Inputs in 12S Format (MPEG1) for Mixing with CIAP Internal
Audio

Output Can Be Either 12S or SONY Format

Data Input Rate Can Be Up to 2 Times Normal Speed

Can Connect to a Host via Either a 68K or Serial Interface

80-Pin Quad Flat Pack (QFP)

MCD221

FU SUFFIX
QFP PACKAGE
CASE 841B-01

ORDERING INFORMATION
MCD221FU QFP

NOTE: Supply of this Video—~CD IC does not convey an implied license under any patent right to use this IC in any Video—CD application.

CD-iis a registered trademark of Philips Consumer Electronics.

MCD221
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PIN ASSIGNMENT
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SIGNAL DESCRIPTIONS
Host Interface
Mnemonic Type
A[13 ... 1] o
D[15 ... 0] B
cs |
RW 1
DTACK B
INT [o}
IACK |
RE (o]
CK |
RDY o
DONE |

Serial Interface

Mnemonic
SCLK
MOSI
MISO

MODE_0,
MODE_1

Data Input

Mnemonic
CLI
wsi
DAl
EFI
SUBCODE/EBU

External Audio Interface

PIN DESCRIPTIONS

Name and Function

System Address Bus. The address must be stable before CS is asserted.
Active HIGH.

System Data Bus. The data lines must be stable when TS is active during
a write and before DTACK is asserted during a read. Tri-state.

Chip Select. Used to access the CIAP internal registers and buffers.
Active LOW.

Read/Write. Indicates the direction of the data transfer. When LOW, the
transfer is to the CIAP.

Data Transfer Acknowledge. Active LOW. During normal host access,
DTACK is an output indicating that data has been put on (read cycles) or
read from (write cycles) the data bus. (Active pullup.) During DMA,
DTACK is an input indicating that the memory has put data on the data
bus.

Interrupt. Released when the interrupt status register is read. Active
LOW.

Interrupt Acknowledge. Active LOW.

DMA Request. Active LOW.

Acknowledge. DMA handshake signal indicating that the bus is available
for data transfer. Active LOW.

Ready. DMA handshake signal indicating that the CIAP has completed
the data transfer. Tri-state. Active LOW. When released by the CIAP, the
output is forced high for a few nanoseconds before it is made tri-state.

Done. Indicates the last transfer of a DMA burst. Active LOW.

Name and Function
Serial Clock.
Serial Data. Master out, slave in.
Serial Data. Master in, slave out.

Serial Interface MODE bits.
00 = Write selected register
01 = Read selected register
10 = Write address

11 = No action

Name and Function
Serial Bit Clock Input.
Word Clock Input.
Serial Data Input.
Error Flag Input.

Subcode (P ... W) serial data input or EBU input for both main channel
and subchannel.

Mnemonic Type Name and Function
XcLl | External Audio Serial Bit Clock Input. When not used, the pin must be
connected to Vcc or Vss.
Xwsl | External Audio Word Clock Input. When not used, the pin must be
connected to Vg or Vss.
XDAI | External Audio Data Input. When not used, the pin must be connected to
VgccorVss.
MCD221 MOTOROLA
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Audio Output Interface

Mnemonic Type Name and Function
cLouT O  Audio Output Serial Clock.
WSOouT O  Audio Output Word Clock.
DAOUT O  Audio Output Serial Data.
General
Mnemonic Type Name and Function
SYS_CLK_OUT o 16.9344 MHz System Clock Output.
SYSCLK2 | Double System Clock Frequency Input. Input for an oscillator with a
frequency of 33.8688 MHz.
RESET | Reset. Global reset for the CIAP. Active LOW.
ISEL | Interface Select.
0 = Serial interface (no parallel access possible)
1 = 68000 interface (no serial access possible)
TDI | Test Data Input. (Boundary scan input pin.)
TDO O  Test Data Output. (Boundary scan output pin.)
TCK | Test Clock. (Boundary scan input pin.)
TMS I Test Mode Select. (Boundary scan input pin.)
TESTMODE O  When 0, the CIAP is operational. When 1, the CIAP is in test mode.
MOTOROLA MCD221
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FUNCTIONAL DESCRIPTION

DATA FLOW DIAGRAM
MCD221 CIAP
68xxx
HOST INTERFACE
CDDATAIN DATA INPUT (DI) HOST l“(‘::)ERFACE - >
EXTERNAL AUDIO IN
AUDIO P(T\Op;:ESSOR CONTROLLER I
AUDIO OUT <=

The MCD221 'Data Flow Diagram should be used in con-
junction with the following notes which outline the function of
the various blocks within the device:

¢ The datainput module consists of two parts; a main chan-
neldecoder and a subchannel decoder. Both decoders can
be active at the same time. The main channel decoder can
be in different modes; CD-DA mode, CD—-ROM mode, or
CD-i mode.

* The audio processor module accepts an external audio

input and, after processing, generates an audio output.

The microcode controller interface takes care of accept-
ingcommands and passing data to the different parts of the
audio processing unit.

The host interface takes care of addressing the internal
registers and buffers. The CIAP can interface with two pos-
sible hosts; a 68000 type host or a microcontroller that in-
terfaces via a serial link.

MCD221
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REGISTER MEMORY MAP

Table 1. Registers and Buffers

Address (HEX) Register Description
0000
— ADPCM buffer 0
08FE
0900
— ADPCM buffer 1
11FE
1200
— DATA buffer 0
1B22
1B24
- Q-buffer 0
1B2C
1B2E
— R ... Wbuffer 0
1B8C
1BC2
— DATA buffer 1
24E4
24E6
_ Q-buffer 1
24EE
24F0
— R ... Whbuffer 1
254E
2584 IER Interrupt enable register
2586 ISR Interrupt status register
2588 TACS Temporal audio channel select register
258A AACS Actual audio channel select register
258C TCM1 Temporal channel mask register
258E ACM1 Actual channel mask register 1
2580 ACM2 Actual channel mask register 2
2592 FILE File selection register
2594 BMAN Buffer management register
2596 CCR CIAP control register
259A A_SHDW ADPCM shadow register
25A0 AP_Left Audio processor unit left register
25A2 AP_Right Audio processor unit right register
25A4 AP_Vol Audio processor unit volume register
25A6 APCR Audio processor control register
25A8 ACONF Audio configuration register
25AA ASTAT Audio processor status register
25C0 ICR Interrupt control register
25C2 DMACTL DMA control register
25FE DLOAD Download register
MOTOROLA MCD221
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ELECTRICAL SPECIFICATIONS

OPERATING RANGE
The limits for operating the device are as follows:

Ambient Temperature (TA) .........covenn.. 0°C to 70°C
Voltage, VDD « - v vvveeen it 5V+10%
Voltage, VSS - vvvivii i ov
ABSOLUTE MAXIMUM RATINGS* (Voltages Referenced to Vgg, Unless Otherwise Noted)
Symbol Parameter Min Max Unit This device contains protection circuitry to
guard against damage due to high static volt-
Vpp | Supply Voltage -05 +7.0 \ ages or electric fields. However, precautions
v Inout Volt 15 Vv 15 vV must be taken to avoid applications of any volt-
! nput voliage DD * age higher than maximum rated voltages to
Vo Output Voltage -05 Vpp +0.5 \ this high-impedance circuit.
lo Output Current — +25 mA
Pg Power Dissipation —_ 1200 mw
Tstg Storage Temperature —-65 +15Q °C

*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics
tables or Pin Descriptions section.

DC ELECTRICAL CHARACTERISTICS (Vpp =5V +10%, Vgg = 0V, TA = 0 to + 70°C, Unless Otherwise Noted)

Parameter Symbol Conditions Min Max Unit
Operating Supply Current IbD 33.8688 MHz —_ tba mA
Input Voltage (TTL Input) VIH — 2.0 —_ \
ViL - —_ 0.8
Output Voltage (8 mA) VoH —_ 35 — \"
VoL - — 0.4
Output Voltage (16 mA) VOH — 3.5 . Vv
VoL _ - 0.4
Power Dissipation —_ — tba mw
MCD221 MOTOROLA
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APPLICATION EXAMPLES

CIAP/CD-DRIVE ARCHITECTURE codes both main and subchannel CD data and plays both
In conjunction with a suitable microcontroller, MC68HC05 ADPCM and CDDA audio. External 12S format audio (e.g.,
(IKAT), the MCD221 provides the functionality to connect an MPEG1) may be input and mixed with the CIAP audio. CIAP

MC68xxx host processor to a CD-Drive. The MCD221 de- audio output can be in either I12S or Sony formats.
68x0¢ HOST INTERFACE
MC68HC05
CD DRIVE (IKAT)
BIDIRECTIONAL CONTROL
INTERFACE
| 125 MAIN CHANNEL DATA
MCD221
SUBCHANNEL DATA CIAP
(CD INTERFACE
EXTERNAL AUDIO PLUS AUDIO AUDIO
SOURCE EXTERNALAUDIO IN PROCESSOR) out oac =t
(e.g., MCD270 125 — R
MPEG DECODER)
MOTOROLA MCD221
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MCD251

Technical Summary
MPEG Full Motion Video
Decoder (FMV)

This technical summary provides a brief description of the MCD251 MPEG1
Full Motion Video (FMV) Decoder. A complete data sheet for the MCD251 is
available and can be ordered from your local Motorola sales office. The order
number is MCD251/D.

The MCD251 combines all the functions necessary to implement full motion FU SUFFIX
video decompression with 4 Mbits of DRAM. The device can also be used to QFP PACKAGE
display still pictures and brings the possibility of digital full motion imaging CASE 1007-01
technology to cost sensitive computer, communications and consumer
applications, e.g. CD-i player full motion video decoder. ORDERING INFORMATION

Using a combination of Huffman decoding, inverse discrete cosine transform MCD251FU QFP

and motion compensation, the MCD25<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>