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QUALITY ASSURED

Our quality system focuses on the continuing high quality of our
components and the best possible service for our customers. We have
athree-sided quality strategy: we apply a system of total quality control
and assurance; we operate customer-oriented dynamic improvement
programmes; and we promote a partnering relationship with our
customers and suppliers.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve
components and processes with respect to environmental demands.
Our components offer no hazard to the environment in normal use
when operated or stored within the limits specified in the data sheet.

Some components unavoidably contain substances that, if exposed by
accident or misuse, are potentially hazardous to health. Users of these
components are informed of the danger by warning notices in the data
sheets supporting the components. Where necessary the warning
notices also indicate safety precautions to be taken and disposal
instructions to be followed. Obviously users of these components, in
general the set-making industry, assume responsibility towards the
consumer with respect to safety matters and environmental demands.

All used or obsolete components should be disposed of according to
the regulations applying at the disposal location. Depending on the
location, electronic components are considered to be ‘chemical,
'special’ or sometimes 'industrial' waste. Disposal as domestic waste is
usually not permitted.
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Preface

Thank you for your interest in Radio Frequency (RF)/Wireless products from
Philips Semiconductors. As a leading supplier to the RF/Wireless market, we offer
a wide range of discrete and semiconductor RF/Wireless components.

This RF/Wireless Communications handbook includes information on current
RF/Wireless integrated circuits from Philips Semiconductors. The products are
used in a wide range of RF/Wireless transmitter and receiver electronics. These
applications include: Cellular radio, wireless cordless telephones, high
performance receivers, two-way communications and LANs.

Selected products from this handbook can be used to build a complete cellular
radio. The system diagrams located in the Cellular Section can help you
determine which products are best suited for your application.

Philips Semiconductors also offers discrete RF/Wireless components through the
Discrete Semiconductor Group. For information on this product line, please
contact Philips Semiconductors—DSG at 401/762-3800.
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Ordering Information

LINEAR PRODUCTS PART NUMBERING SYSTEM
Example: %g XXXX N

Package Description:

Plastic Leaded Chip Carriers (PLCC)
Plastic SO

Ceramic Dual In-Line

Hermetic Chip Carriers — Leadless
Headers

Plastic Dual In-Line

Pin Grid Array — Hermetic

Hermetic Cerpac

Ceramic Square Quad Flat Pack

Device Number
Device Family and Temperature Range Prefix
AU

A
E
G
H
N
p
w
Y

= -40°C to +125°C
NE = 0to+70°C
SE = -55°Cto+125°C
SA = -40°C to +80°C

PHILIPS PRODUCTS PART NUMBERING SYSTEM
PREFIXES HE, PC, PN, SA, TD, TE, TS, UM

Example: TD # XXXX P N

J A Package Description:
Device Family N = Plastic Dual In-Line
HEx = CMOS Circuit D' = Plastic SO )
PCx = CMOS Circuit F = Ceramic Dual In-Line
PNx = NMOS Circuit U = Plastic Single In-Line
SAx = Digital Circuit Package Marking on Part:
TDx = Linear Gircuit P = Plastic Dual In-Line
TEx = Linear Circuit T = Plastic SO
TSx = Analog Circuit D = Hermetic Cerdip
UMx = Digital Circuit Device Number

Operating Temperatures:

= Temperature range not specified (see data sheet)
0to +70°C

-55°C to +125°C

-25°C to +70°C

-25°C to +85°C

-40°C to +85°C

TMoOOW>»
wwononon
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DEFINITIONS

Data Sheet
Identification

Product Status

Definition

Objective Specification

Formative or in Design

This data sheet contains the design target or goal specifications for
product development. Specifications may change in any manner
without notice.

Preliminary Specification|

Preproduction Product

This data sheet contail liminary data, and y
data will be published at a later date. Signetics reserves the right
to make changes at any time without notice in order to improve
design and supply the best possible product.

Full F

This data sheet contains Final i ignetl
the right to make changes at any time without netice, in order to
improve design and supply the best possible product.
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® Recommended part-type / system solution
X _Alternate solution

System Standard — Product Selector Guide
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PRODUCTS TARGET SYSTEMS
Function | Type Description Cellular Cordless Wireless Data
1 N)AMPS | 1S-54/
,((E’)TACS I54 |GsM| CTo [ CT1 | SS | DECT |PHP| SS | CDPD |PAGERS
RF Amplifiers | SA5200 Gain block — 1GHz X X X X [ X X X
RF Front-End | SA600 LNA/Mixer — 1GHz X X X X X
SA601 LNA/Mixer — 1GHz [ [ ] X L [
| SA620 LNA/Mixer/VCO — 1GHz X X X
UAA2072M Image reject — 1GHz o
SA630 RF switch — 1GHz X
UAA2080T. Single chip low-voltage receiver °
Synthesizers\ |UMA1014T Synthesizer — BIP — 1GHz X X X
Prescalers |UMA1016T Synthesizer — BIP - 1GHz X X
UMA1005T Synthesizer — CMOS X X
UMA1018M Low-voltage, low noise — 1GHz [ X
UMA1020M Low-voltage, low noise — 2.4GHz o X
UMA1017M Low-voltage, single loop — 1GHz X X X
UMA1015M Low-voltage, dual — 1GHz ® ® )
SA7025 Low-voltage, Fractional-N — 1GHz ® X
SA8025 Low-voltage, Fractional-N — 2GHz X [
Mixer /IF/ | SA605 High performance / wideband X X X X | X
Demod SA606/7/8 Low power ° X ) )
SA624/25/27 | High performance/Wide BW/fast RSSI ®
SA626 Low-voltage/Wide BW/tast RSSI )
SA636 SA626 with Wideband data [
SA637 SA626 with Digital IF ®
Transmitter | SA900 1/Q transmitter/Modulator o
Audio SA5752 Audio processor system — 3V ° °
Processing [SA5753 Audio processor system — 3V. ® ®
NE577 Fam. Compandor X
Data UMF1000T Data processor ry
Processing | UMA1000LT | Data processor — 3V O
PCD5032 ADPCM — codec
PCD5040/41 Burst Mode controller
PCF5081/82 Digital signal processor [ ] )
PCD5071 Baseband interface ® °
PCF5001T POCSAG —decoder )
Control 89CE558 Microcontroller with flash memory ° °
P90CL301 Low-voltage 16-bit microcontroller o X
P8OCL51 Low-voltage 8-bit microcontroller X X X
TDA8005 Smart card interface °
(1C20)| P83CL580 XXX D
(1C20)| P83CL781/2 | xxx X X X
(IC20)( P83CL410 XXX X
Misc. TDA8781 Log amplifier ®
PCA5075* RF PA controlier ° ,
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ny
8.5
D
Q@
S 3
o2
:m
—.:‘
Qo
L)
q
o



St

RF AMPLIFIER FAMILY OVERVIEW

NE5200 NE5204 NE5205 NE5209 NE5219
Vee 4-9v 5-8V 5-8V 45-7.0V 45-7.0V
lec 8mA/ 95 pA 24mA 24mA 43mA 43mA
Bandwidth (3dB) 1.2GHz 550MHz 550MHz 850MHz 700MHz
Noise Figure 3.6dB 6.0dB 50 Q 6.0dB 50 Q 9.3dB 9.3dB
4.8dB 75Q 48dB 75 Q
(S8 Compression —~6dBm +4dBm +4dBm ~3dBm -3dBm
?53,85%‘*’ Intercept © +4dBm +17dBm +17dBm +13dBm +13dBm
Input Impedance 50Q 50Q 50 Q 1.2kQ 1.2k Q
Output Impedance 50Q 50Q 50 Q 60Q 60 Q
Gain (per amplifier) 7.5dB/-13dB 19dB 19dB 25dB* 25dB*
S DIP8 DIP8 DIP16 DIP16
Package o8 808 S08 5016 SO16
Features +Dual Gain Stage +Low-cost amp | +Low-cost amp +Variable gain and | +Variable gain and
+Enable Pin +Simple +Simple attenuation attentuation
+Good Noise Figure | Implementation | Implementation | 1Excellent Linearity | +Excellent Linearity
+Low current
consumption

*Single in / Differential out
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COMPANDOR FAMILY OVERVIEW

NE570 NE571 NE572 NE575 NE576 NE577 NE578
Vee 6-24V 6-18V 6-22V 3-7v 2-7V 2-7V 2-7V
lee 3.2mA 3.2mA 6mA 3-5.5mA* 1-3mA* 1-2mA* 1-2mA*
Number of Pins 16 16 16 20 14 14 16
Packages NE570F NE571F NE572N NES575N NE576N NE577N NE578N
NE: Oto+ 70 G NES70N NESHE NE572D “Eg;gBK NE576D NE577D NE578D
SA: 4010 +85 C NES70D NEsTH
N: Plastic DIP
D: Plactic SO SAS71F SAS72F SAS75N SAS76N SAS77N SA578N
DJ: SSOP (Shrink Small SA571N SA572N SA575D SA576D SA577D SA578D
Outline Package) SA571D SA572D SA575DK
ALC . Both Channels Both Channels Both Channels | Right Channel Right Channel | Right Channel Right Channel
Reference Voltage Fixed 1.8V Fixed 1.8V Fixed 2.5V Vec/2 Vee/2 Veel2 Vee/2
Unity Gain 775mVrms 775mVrms 100mVrms 100mVrms 100mVrms - HOmV to 1V(rms) | 10mV to 1V(rms)
YES
Power Down NO NO NO NO NO NO (1701A)
Key Features — Excellent Unity | —Excellent Unity | —Independent | —2 Uncommitted | — Low Power .| — Low Power - Low Power
Gain Tracking Gain Tracking Attack & On-Chip - Low External | — Programmable | - Programmable
Error Error Release Time | Op Amps Component Unity Gain Unity Gain
— Excellent THD | — Excellent THD | — Good THD Available Count - Power Down
— Needs an Ext. |- Low Voltage - Mute Function
mming "~ Capabily (DTMF)
apal
Op Amp -600Q Drive
Capability
Applications ) . .
High Performance |High Performance |High Performance | Consumer Audio Battery Battery Battery
Cordless Phones Audio Circuits Audio Circuits Audio Circuits Circuits P d P d Powered
Cellular Phones Systems Systems Systems
Wireless Mics
Ev;/lodems Aud Hi-Fi “Hi-Fi “Hi-Fi
onsumer Audio “Hi-Fi . y “Commercial “Commercial “Commercial “Commercial
Two-way Communications Commercial Commercial Studio L =TC ere orc
y Quality” Quality” Quality” Quality Quality Quality’ Quality

NOTE: r~=E5750/575l1th a{/e also Excellent Audio Processor Components for High Performance Cordless and Cellular Applications that Include the Companding Function
*lcc varies with Vee
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FM IF SYSTEMS FAMILY OVERVIEW

** Measured at 240MHz

SA: 4010 +85°C

DK: SSOP-20

N: Dual In-Line Plastic

v : Pin | packaae | oot | e ' RE_=45MHz RSS! |Fast| Output
cc cc Count | Package | Freq. req. " Sensitivity | Mixer | Input Features
oun (Max.) | (Max) | |nput Piny Gain | 301* Range |RSSI| Op Amps
High Performance Low Power FM IF System
NE/SA604A | 4.5-8V |33mA@6V| 16 D,N |25MHz |25MHz | 0.22pV | N/A | N/A | 90dB | — NA | _igh Sensivity
NE/SA614A | 45-8V |3.3mA@6V| 16 D,N |25MHz | 25MHz | 022pV | N/A | N/A | 80dB | — N/A |- High IF Frequency
NE/SA624 4.5-8V | 3.3mA@6V| 16 D,N |[25MHz | 25MHz | 0.22pV | N/A | N/A | 90dB | — N/A
High Performance Low Power Mixer FM IF System
NE/SA605 | 458V |57mA@6V| 20 | D,DK, N [500MHz | 25MHz | 0.22uV | 13dB |+4dBm| 90dB | — N/A ,
— High Sensitivity
NE/SA615 | 45-8V |57mA@sV| 20 |D,DK N [500MHz | 25MHz | 0.22uV | 13dB |+4dBm| 80d8 | — | Na |~ HighInputRF Freq
|High Performance Low Power Mixer FM IF System with High-Speed RSSI (NE/SA624 only includes FM IF)
| NE/SA624 | 45-8V |3.4mA@6V| 16 D,N [25MHz | 25MHz | 0.22pV | N/A |+4dBm| 90dB | ¢ N/A !
- High Sensitivity
NE/SA625 | 45-8V |58mA@6V| 20 |D,DK N |500MHz | 25MHz | 0.22pv | 13dB |+4dBm| 90dB | ¢ N/A ’ﬁ'ght';g‘é'l’“’: Freq
— rasf
NE/SA627 | 45-8V |58mA@6V| 20 |D,DK N [S00MHz | 25MHz | 0224V | 13dB |+ddBm| 908 | v | NA | fiegChecklim)
Low Voltage High Performance Mixer FM IF System
- _ | Audio Op Amp
SA606 27-7V | 35mA@3V| 20 | D,DK, N [150MHz | 2MHz | 0.31pV | 17dB |-9dBm| 90dB RSS! ORATS | - Low Power
SA616 277V |35mA@3V| 20 |D,DK N [150MHz | 2MHz | 031V | 1708 |-SBm| 80dB | — | Aoy |~Audo/RSSIOpAmP
SA607 27-7V |35mA@3V| 20 |D,DK N |150MHz | 2MHz | 0.31uV | 17dB |-9dBm| 90dB | — | hemPATR| | o bower
— Audio Op Amp
SA617 27-7V [35mA@3V| 20 |D,DK N [150MHz | 2MHz | 0.31uV. | 17dB |-9dBm| 80dB | — | i ORA™ (507/617)
- — Freq Check Function
SA608 27-7V |35mA@3V| 20 |D,DK N 150MHz | 2MHz | 031pV | 17dB |-9dBm| 90dB | — | R Buierer |~ RSSI Op Amp (608)
Low Voltage High Performance Mixer FM IF System with High-Speed RSSI
— Low Power
Ay ; ~Fast RSS!
SA626 27-55V|65mA@3V| 20 | D,DK |500MHz | 25MHz | 0.54uV | 140B [11dBm| Q0B | v | haBufersd| ) P inee) o) amp
- Power Down Mode
*Note -50Q _Source NE: 0t0+70°C  D: Small Outline—16, Small Outiine Large —20
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INTEGRATED FRONT-END SYSTEMS : MIXER SYSTEMS
fRF = 900MHz | fRF = 45MHz
NE/SA600 SA601 SA620 NE/SA602A NE/SA612A
Description LNA + Mixer LNA + Mixer LNA + Mixer + VCO Mixer + Osc Mixer + Osc
Vee 45-55V 2.7-55V 2.7-55V 45-8.0V 45-8.0V
lee 13mA/ 4.2mA* 7.4mA 10.4mA/7.2mA* 2.4mA 2.4mA
. LNA: 900MHz LNA: 900MHz LNA: S00MHz
Bandwidth Mixer: 1GHz Mixer: 1GHz Mixer: 1GHz S00MHz S00MHz
: LNA: 2.2dB LNA: 1.6dB LNA: 1.6dB
Noise Figure Mxr: 14dB Mxr: 10dB Mxr: 9dB 5.0dB 5.0dB
1dB Compression LNA: -20dBm LNA: -16dBm LNA:-16dBm : )
(output) Mxr: -4dBm Mxr: -13dBm Mxr: -13dBm 10dBm 10dBm
3rd Order Intercept | LNA:-10/+260Bm* LNA: -3dBm LNA: -3/+25dBm* 13dBm -13d8m
(output) Mxr: +6dBm Mxr: 0dBm Mxr: -6dBm
LNA: 50 Q LNA: 50 @ LNA: 50 Q
Impedance
Input Imp Mxr: 50 Q Mxr: 50 Q Mxr: 50 Q 1.5kQ 1.5kQ
50 Q 50 Q 50 Q
. .5k
Output Impedance High High High 1.5kQ 1.5kQ
" LNA: 16/-7.5dB* LNA: 11.5 LNA: 11.5/-7dB*
Power Gain Mxr: -2.6dB Mxr: 7dB Mxr: +3dB 17dB 1708
Package SO14 SSOP20 SSOP20 ey e
Features +LNA Overload +Low voltage +Low voltage +Excellent Noise | +Excellent Noise
Mode +Excellent Noise +E;(g<::rléent Noise Figure Figure
. F' re . . . .
+E?(cellent Noise Igu +Internal VCO +High Gain +High Gain
Figure
+LNA Overload
Mode

*Amplifier: Enabled/Disabled

NE: 0to+70°C SA:—40to +85°C
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RF/Wireless Communications

Baseband Proce rs

Baseband Processor Selector Guide

PART TYPE APPLICATION Vop Ipp PACKAGE
2.7-6.0 | 7mA Typ. Active 28-Pin S0O28
PCD5032 ADPCM Codec DECT
2.7-6.0 | 20pA Typ. Stdby 44-Pin QFP
PCD5040 BMC (Burst Mode Controller) DECT 2.7-6.0 | 15mA Typ. Active 64-Pin QFP
PCD5081 Signal Processor — Mobile GSM 5.0 —_— 80-Pin QFP
PCD5082 Signal Processor — Base GSM 5.0 —_— 160-Pin QFP
31mA Typ. Rx 44-Pin QFP
PCD5070 Baseband Interface GSM 5.0 7mA Typ. Tx 44-Pin QFP
31mA Typ. Rx 44-Pin QFP
PCD5071 Baseband Interface GSM 5.0 7mA Typ. Tx 44-Pin QFP
. - - AMPS 8.4mA Typ. 24-Pin DIP
NE/SA57 A .
/SA5750 udio Companding Amplifier TACS 5.0 1.8mA Stdoy 28-Pin SOL
A AMPS 2.7mA Typ. 24-Pin DIP
NE/SA5751 | Audio Filte | .
S udio Filter and Contro TACS >0 09mAStdby | 28-Pin SOL
Audio Companding VOX and AMPS . 3.1mA Typ. 20-Pin SOL
NE/SA5752 27
Amplifier TACS 125pA Stdby 20-Pin SSOP
- AMPS 2.7mA Typ. 20-Pin SOL
NE/SA57 | .
E/SA5753 | Audio Filter and Contro TACS 2.7 600uA Stdby 20-Pin SSOP
28-Pin Mini-Pack
PCF5001 5-6. .
CF500 POCSAG Decoder PAGERS 15-6.0 60pA Typ. 32-Pin QFP

19
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Frequency Synthesizer Selector Guide

Max RF/Input Fractional-N | Auxiliary
lee Pins | Pk Chal : tions
Vee 9 Frequency hannel Spacing | 5.4 vider Synthesizer Application
Fractional-N Frequency Synthesizers
1.1GHz (main 10-5000kHz (main NADC (IS-54),
SA7025 271055V | 7mA@3V | 20 | DK 90MHz(aux;) 40-20,000ng (aux)) ) _GéM )
30MHz (aux; 10-5000kHz (aux) digital cellular
- 2.0GHz (main) 10-5000kHz (main PHP digital
SA8025 271055V | 12mA@3V | 20 DK 90MHz éaux; 40-20,000kHz (aux cordless, PDC
) 30MHz (aux 10-5000kHz (aux) digital cellular
30MHz (main) | 10-5000kHz (main) NADC (IS-54),
UMA1005T 291055V | 5mA@3V | 20 |D,DK | 90MHz 2aux; 40-20,000kHz (aux) Vv Vv PDC, GSM
30MHz (aux; 10-5000kHz (aux) digital cellular
Frequency Synthesizers
UMA1014T | 451055V | 13mA@sv | 16 | D 1.1GHz 5-100kHz o ass
CT1/CT1+ cordless
UMA1015M 271055V |9.6mA@3V | 20 | DK 1.1GHz 8.5-375kHz v AMPS/TACS
NMT cellular
UMA1016XT | 45155V | fomA@SV | 16 | D 1.0GHz 100-1000kHz Sprond Sessirum
 GSM
UMA1017M 271055V |85mA@3V| 20 DK | 1200MHz (main) | 10-2000kHz (main) digital cellular,
Spread Spectrum
- 1200MHz (main) | 10-2000kHz (main) - GSM
UMA1018M | 271055V |8SmA@3V| 20 | DK | ‘ooM; (aux) | 10-1000 (aux) v digital cellular
2400MHz (main) | 10-2000kHz (main ’ ~DECT,
UMA1020M 271055V | 12mA@3V | 20 DK 300MHz éaux)) 10_2000kHz((aux)) 4 dlgg% Sot:gd(;gss,
Prescalers
Max input Max Compare Input Divide
Iee Pins :
Vee Pkg Frequency Frequency Sensitivity Ratio
SA701 27106V |45mA@3V| 8 | N,D 1.2GHz 65kHz/270kHz -35dBm  |128/129, 64/65
SA702 27t06V |45mA@3V| 8 | N,D 1.1GHz 1000kHz -35dBm 64/65/72
SA703 27106V |45mA@3V| 8 | N,D 1.1GHz 335kHz - -35dBm 128/129/144

9pINK) 10199]9S
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RF/Wireless Communications Section 2
Amplifiers

INDEX

RF Amplifier Selector Guide . ... ........................

NE/SA5200 RFdualgain-stage .............ccooviniiniieian,
NE/SA5204A  Wide-band high-frequency amplifier ......................
NE/SA/SE5205A

Wide-band high-frequency amplifier . .....................
NE/SA5209 Wideband variable gain amplifier ........................
NE/SA5219 Wideband variable gain amplifier ........................
NE/SA5234 Matched quad high-performance low-voltage

operational amplifier ................. ... .l
AN1651 Using the NE/SA5234 amplifier .........................
NE/SE5539 High frequency operational amplifier .....................
NE5592 Video amplifier .......... .. . i
NE592 Videoamplifier .. ........... .. ... .o
TDA1010A 6W audio amplifier with preamplifier .....................
TDA1011A 2 to 6W audio power amplifier with preamplifier. .. ..........
TDA1013B 4W amplifier with DC volume control .....................
TDA1015 1 to 4W audio amplifier with preamplifier ..................
TDA7052 1 Watt low voltage audio power amplifier . .................
TDA7052A/AT  1-Watt low voltage audio power amp with DC volume control . .
TDA7056A 3-Watt mono BTL audio output amplifier ..................
TDA8781T True logarithmicamplifier . .................. ... .......
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RF AMPLIFIER FAMILY OVERVIEW

NE/SA5200 NE/SA5204A | NE/SA5205A NE/SA5209 NE/SA5219
Description Dual Gain Stage Wideband Amp | Wideband Amp | Variable Gain Amp | Variable Gain Amp
Vee 4-9V 5-8V 5-8V 45-7.0V 45-7.0V
lee 8mA/ 95pA* 24mA 24mA 43mA 43mA
Bandwidth (3dB) 1.2GHz 350MHz 550MHz 850MHz 700MHz
Noise Figure 3.6d8 2’233 ?gg j'ggg ggg 9.3dB 9.3dB
1dB Compression -6dBm +4dBm +4dBm -3dBm —-3dBm
(output)
?O'gtg{ft’f’ Intercept +4dBm +17dBm +17dBm +13dBm +13dBm
input Impedance 50Q 50Q 50 Q 1.2kQ 1.2kQ
Output Impedance 50Q 50Q 50 Q 60Q 60Q
Gain (per amplifier) 7.5dB/-11dB* 19dB 19dB 25dB 25dB
S0o8 DIP8 DIP8 DIP16 DIP16
Package SO8 S08 8016 8016
Features +DC 10 1.2GHz +DC1t0 350MHz | +DCt0550MHz | +DCt0850MHz | +DC to 700MHz
operation operation operation operation operation
+Power-Down +Gain control pin +Gain control pin
mode

*Amplifier: Enabled/Disabled
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Philips Semiconductors RF Communications Products Product specification
RF dual gain-stage NE/SA5200

DESCRIPTION FEATURES PIN CONFIGURATION

The NE/SA5200 is a dual amplifier with DCto ¢ p, lifi

1200MHz response. Low noise (NF = 3.6dB) val amplifiers D Package

makes this part ideal for RF front-ends, and a
simple power-down mode saves current for
battery operated equipment. Inputs and
outputs are matched to 50Q.

The enable pin allows the designer the ability
to turn the amplifiers on or off, allowing the
part to act as an amplifier as well as an
attenuator. This is very useful for front-end
buffering in receiver applications.

® DC - 1200MHz operation

® | ow DC power consumption (4.2mA per
amplifier @ Vgc = 5V)

® Power-Down Mode (Icc = 95pA typical)
® 3.6dB noise figure at S00MHz

® Unconditionally stable

® Fully ESD protected

® | ow cost

® Supply voltage 4-9V

® Gain Sy = 7dB atf = 1GHz

® |nput and output match S¢4, Sx typically
<-14dB

APPLICATIONS
® Cellular radios

® RF |F strips
® Portable equipment

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Outline (Surface—mount) 0-70°C NE5200D 0174
8-Pin Plastic Small Outline (Surface-mount) —40-+85°C SA5200D 0174
BLOCK DIAGRAM
Ny GNDy ouT, Vee
4 3 2 1
5 6 7 )
ENABLE INg GND outy
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Veo Supply voltage' 0.5t0+9 v
Po Power disseipgﬁon, Ta = 25°C (still air)?
-Pin Plastic SO 780 mW
Timax | Maximum operating junction temperature 150 °C
Pmax Maximum power input/output +20 dBm
Tsta Storage temperature range —65 to +150 °C
NOTE:

1. Transients exceeding 10.5V on V¢ pin may damage product.
2. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 6,4:

8-Pin SO:

October 10, 1991

0,4 = 158°C/W
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Philips Semiconductors RF Communications Products

Product specification

RF dual gain-stage

NE/SA5200
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER RATING UNITS
Vce Supply voltage 4.0t09.0 '
Operating ambient temperature range
NE Grade 0to +70 °C
Ta SA Grade -40 to +85 °C
Operating junction temperature
NE Grade 0to +90 °C
T, SA Grade -40 to +105 °C
DC ELECTRICAL CHARACTERISTICS
Vee = +5V, Tp = 25°C; unless otherwise stated.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
‘ MIN | TYP | MAX
Vee Supply voltage ; 4 5.0 9.0 Vv
Veg = 5V, ENABLE = High 6.4 8.4 10.4 mA
lec Total supply current Ve = 5V, ENABLE = Low 95 255 | pA
Veg = 9V, ENABLE = High 17.8 222 mA
Vee =9V, ENABLE = Low 320 960 pA
Vr TTL/CMOS logic threshold voltage' 1.26 \"
ViH Logic 1 level Power-up mode 20 Vee v
Vi Logic O level Power-down mode -0.3 08 |V
I Enable input current Enable = 0.4V -1 0 1 HA
[m Enable input current Enable = 2.4V -1 0 1 pA
Vipc,onc | Input and output DC levels 0.6 0.83 1.0 Vv
NOTE:
1. The ENABLE input must be connected to a valid logic level for proper operation of the NE/SA5200.
AC ELECTRICAL CHARACTERISTICS?
Ve = +5V, Ta = 25°C, either amplifier, enable = 5V; unless otherwise stated.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
MIN TYP MAX
s21 Insertion gain f = 100MHz 9.2 1 13.2 dB
f = 900MHz 52 75 dB
S22 Output return loss . f = 900MHz -14.3 dB
S12 Reverse isolation f = 900MHz -17.9 dB
S11 Input return loss f = 900MHz -16.5 dB
P-1 Output 1dB compression point f = 900MHz -4.3 dBm
NF Noise figure in 50Q f = 900MHz 36 dB
1P, Input second-order intercept point f = 900MHz +4.3 dBm
1Py Input third-order intercept point f = 900MHz -1.8 dBm
ISOL | Amplifier-to-amplifier isolation? f = 900MHz -25 dB
Poutr | Saturated output power f = 900MHz -1.7 dBm
S21 Insertion gain when disabled f = 100MHz -13 dB
f = 900MHz -13.5 dB
NOTE:

1. All measurements include the effects of the NE/SA5200 Evaluation Board (see Figure 2). Measurement system impedance is 50Q.

2. Input applied to one amplifier, output taken at the other output. All ports terminated into 50Q.

October 10, 1991
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Philips Semiconductors RF Communications Products

Product specification

RF dual gain-stage

NE/SA5200

APPLICATIONS

NE/SA5200 is a user-friendly, wide-band,
unconditionally stable, low power dual gain
amplifier circuit. There are several
advantages to using the NE/SA5200 as a
high frequency gain block instead of a
discrete implementation. First is the simplicity
of use. The NE/SA5200 does not need any
external biasing components. Due to the
higher level of integration and small footprint
(SO8) package it occupies less space on the
printed circuit board and reduces the
manufacturing cost of the system. Also the
higher level of integration improves the
reliability of the amplifier over a discrete
implementation with several components.
The power down mode in the NE/SA5200
helps reduce power consumption in
applications where the amplifiers can be
disabled. And last but not the least is the
impedance matching at inputs and outputs.
Only those who have toiled through discrete
transistor implementations for 50Q input and
output impedance matching can truly
appreciate the elegance and simplicity of the
NE/SA5200 input and outputimpedance
matching to 50Q.

A simplified equivalent schematic is shown in
1. Each amplifier is composed of an NPN
transistor with an Ft of 13GHz in a classical
series-shunt feedback configuration. The two
wideband amplifiers are biased from the
same bias generator. In normal operation
each amplifier consumes about 4mA of
quiescent current (at Vgc = 5V). In the
disable mode the device consumes about
90pA of current, most of it is in the TTL
enable buffer and the bias generator. The
input impedance of the amplifiers is 50Q.
The amplifiers have typical gain of 11dB at
100MHz and 7dB of gain at 1.2GHz.

It can be seen from 1 that any inductance
between Pin 7, 3 and the ground plane will
reduce the gain of the amplifiers at higher
frequencies. Thus proper grounding of Pins 7
and 3 is essential for maximum gain and
increased frequency response. 2 shows the

October 10, 1991

printed circuit board layout and the
component placement for the NE/SA5200
evaluation board. The AC coupling
capacitors should be selected such that at
they are shorts at the desired frequency of
operation. Since most low-cost large value
surface mount capacitors cease to be simply
capacitors in the UHF range and exhibit an
inductive behavior, it is recommended that
high frequency chip capacitors be utilized in
the circuit. A good power supply bypass is
also essential for the performance of the
amplifier and should be as close to the device
as practical.

3 shows the typical frequency response of
the two channels of NE/SA5200. The low
frequency gain is about 11dB at 100MHz and
slowly drops off to 10dB at 500MHz. The
gain is about 8dB at 900MHz and 7dB at 1.2
GHz which is typical of NE/SA5200 with a
good printed circuit board layout. it can also
be seen that both channels have a very well
matched frequency response and matched
gain to within 0.1dB at 100MHz and 0.2dB at
900MHz.

NE/SA5200 finds applications in many areas
of RF communications. Itis an ideal gain
block for high performance, low cost, low
power RF communications transceivers. A
typical radio transceiver front-end is shown in
4. This could be the front-end of a cellular
phone, a VHF/ UHF hand-held transceiver,
UHF cordless telephone or a spread
spectrum system. The NE/SA5200 can be
used in the receiver path of most systems as
an LNA and pre-amplifier. The bandpass
filter between the two amplifiers also
minimize the noise into the first mixer. In the
transmitter path, NE/SA5200 can be used as
a buffer to the VCO and isolate the VCO from
any load variations due to the power level
changes in the power amplifier. This
improves the stability of the VCOs. The
NE/SA5200 can also be used as a pre-driver
to the power amplifier modules.

The two amplifiers in NE/SA5200 can be
easily cascaded to have a 13dB gain block at

25

900MHz. At 100MHz the gain will be 22dB
and a noise figure of about 5.6dB. The
NE/SA5200 can be operated at a higher
voltage up to 9V for much improved 1dB
output compression point and higher 3rd
order intercept point.

Several stages of NE/SA5200 can also be
cascaded and be used as an IF amplifier strip
for DBS/TV/GPS receivers. 5 shows a 60dB
gain IF strip at 180MHz. The noise figure for
the cascaded amplifier chain is given by
equation 1.

NF (total) = NF1 + NF2/G1 + NF3/G1*G2 +
NF4/G1*G2*G3 + ... (Equation. 1)

NOTE: The noise figure and gain should not
be in dB in the above equation.

Since the noise figure for each stage is about
3.6dB and the gain is about 11dB, the noise
figure for the 60dB gain IF strip will be about
6.4dB.

In applications where a single amplifier is
required with a 7.5dB gain at 900MHz and
current consumption is of paramount
importance (battery powered receivers), the
amplifier A1 can be used and amplifier A2
can be disabled by leaving GND2 (Pin 3)
unconnected. This will reduce the total
current consumption for the IC to a meager
4mA.

The ENABLE pin is useful for
Time-Division-Duplex systems where the
receiver can be disabled for a period of time.
In this case the overall system supply current
will be decreased by 8mA.

The ENABLE pin can also be used to
improve the system dynamic range. For
input levels that are extremely high, the
NE/SA5200 can be disabled. In this case the
input signal is attenuated by 13dB. This
prevents the system from being overloaded
as well as improves the system’s overall
dynamic range. In the disabled condition the
NE/SA5200 IP; increases to nearly +20dBm.



Philips Semiconductors RF Communications Products Coe Product specification

RF dual gain-stage - "NE/SA5200
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Figure 2. Printed Circuit Board Layout of the NE/SA5200 Evaluation Board

October 10, 1991 26



Philips Semiconductors RF Communications Products Product specification

RF dual gain-stage NE/SA5200
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Figure 3. Typical Frequency Response of NE/SA5200 in a 50Q System
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Figure 4. Typical Radio Transceiver Front-End
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Philips Semiconductors RF Communications Products

Product specification

RF dual gain-stage

NE/SA5200
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Figure 6. Supply Current
vs Supply Voltage and Temperature
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Figure 5. 60dB IF Gain Block for 100-300MHz IF for GPS/DBS Systems
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Figure 22. 1dB Output Compression Point
vs Frequency and V¢c
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Figure 28. Switching Speed; fiy = 10MHz at —26dBm, Vpp = 5V, Figure 29. Switching Speed; fiy = 50MHz at —26dBm,
Coupling Capacitors Set to 0.01uF Vpp = 5V, Coupling Capacitors Set to 100pF
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DESCRIPTION

The NE/SA5204A family of wideband
amplifiers replaces the NE/SA5204 family.
The ‘A’ parts are fabricated on a rugged 2um
bipolar process featuring excellent statistical
process control. Electrical performance is
nomically identical to the original parts.

The NE/SA5204A is a high-frequency
amplifier with a fixed insertion gain of 20dB.
The gain is flat to £0.5dB from DC to
200MHz. The -3dB bandwidth is greater than
350MHz. This performance makes the
amplifier ideal for cable TV applications. The
NE/SA5204A operates with a single supply of
6V, and only draws 25mA of supply current,
which is much less than comparable hybrid
parts. The noise figure is 4.8dB in a 75Q
system and 6dB in a 50Q system.

The NE/SA5204A is a relaxed version of the
NES5205. Minimum guaranteed bandwidth is
relaxed to 350MHz and the “S” parameter

Min/Max limits are specified as typicals only.

Until now, most RF or high-frequency
designers had to settle for discrete or hybrid
solutions to their amplification problems. Most
of these solutions required trade-offs that the
designer had to accept in order to use
high-frequency gain stages. These include
high power consumption, large component
count, transformers, large packages with heat
sinks, and high part cost. The NE/SA5204A
solves these problems by incorporating a
wideband amplifier on a single monolithic
chip.

The part is well matched to 50 or 75Q input
and output impedances. The standing wave
ratios in 50 and 75Q systems do not exceed
1.5 on either the input or output over the

(SO) package to further reduce parasitic

PIN CONFIGURATION

effects.

N, D Packages
No external components are needed other
than AC-coupling capacitors because the —
NE/SA5204A is internally compensated and vee [0 3] vec
matched to 50 and 75Q. The amplifier has i [Z 2088 |-y
very good distortion specifications, with w (2] 7] Vour
second and third-order intermodulation GND [3] 6] GND
intercepts of +24dBm and +17dBm, GND [4] 5] GND
respectively, at 100MHz. P VEW
The part is well matched for 5092 test
equipment such as signal generators,
oscilloscopes, frequency counters, and all
kinds of signal analyzers. Other applications APPLICATIONS

at 50Q include mobile radio, CB radio, and
data/video transmission in fiber optics, as
well as broadband LANs and telecom
systems. A gain greater than 20dB can be
achieved by cascading additional
NE/SA5204As in series as required, without
any degradation in amplifier stability.

® Antenna amplifiers
©® Amplified splitters

® Signal generators
® Frequency counters
@ Oscilloscopes

® Signal analyzers

FEATURES
® Bandwidth (min.) ® Broadband LANs
200 MHz, £0.5dB © Networks
350 MHz, -3dB
©® Modems

® 20dB insertion gain

® 4.8dB (6dB) noise figure Zg=75Q
(Z0=500)

©® No external components required

® |nput and output impedances matched to
50/75Q systems

® Surface-mount package available
® Cascadable

©® Mobile radio
® Security systems

® Telecommunications

entire DC to 350MHz operating range. ® 2000V ESD protection

Since the part is a small, monolithic IC die,

problems such as stray capacitance are

minimized. The die size is small enough to fit

into a very cost-effective 8-pin small-outline

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #

8-Pin Plastic Dual In-Line Package (DIP) 0 to +70°C NES5204AN 0404B
8-Pin Plastic Small Outline (SO) package 0 to +70°C NE5204AD 0174C
8-Pin Plastic Dual In-Line Package (DIP) —40 to +85°C SA5204AN 0404B
8-Pin Plastic Small Outline (SO) package 40 to +85°C SA5204AD 0174C

February 25, 1992 35 853-1599 05790
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 v
ViN AC input voltage 5 Vp_p.
Ta Operating ambient temperature range
NE grade "0to+70 °C
SA grade —40 to +85 °C
Maximum power dissipation: 2
Powax | 1,-25°C(stillair)
N package 1160 mw
D package 780 mwW
Ty Junction temperature 150 °C
Tsta Storage temperature range ~55 to +150 °C
Lead temperature o
Tsowo (soldering 60s) 300 ¢
NOTES:
1. Derate above 25°C, at the following rates
N package at 9.3mW/°C
D package at 6.2mW/°C
2. See “Power Dissipation Considerations” section.
EQUIVALENT SCHEMATIC
Vee
Ry Rz
~N oy
Q34 MW O Vour
Qg
[
VIN O— Qg Q4 Ry
REq
SS Rg2
RE1
k2
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DC ELECTRICAL CHARACTERISTICS
Vec=6V, Zg=2, =Z5=50Q and Tp=25°C, in all packages, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS LIMITS UNIT
Min Typ Max
Vee Operating supply voltage range Over temperature 5 8 \]
lcc Supply current Over temperature 19 25 33 mA
S21 Insertion gain f=100MHz, over temperature 16 19 22 dB
S11 Input return loss f=100MHz 25 dB
DC -550MHz 12 dB
S22 Output return loss f=100MHz 27 dB
DC —-550MHz 12 dB
S12 Isolation f=100MHz —25 dB
DC -550MHz -18 dB
BW Bandwidth +0.5dB 200 350 MHz
BW Bandwidth —3dB 350 550 MHz
Noise figure (75Q) f=100MHz 48 dB
Noise figure (50Q) f=100MHz 6.0 dB
Saturated output power f=100MHz +7.0 dBm
1dB gain compression f=100MHz +4.0 dBm
;T:mdgﬂfpﬁ)’““”""“" 1=100MHz 7 dBm
f:::’c’:;;‘(’gi‘:;:j'germ°d”'a"°" 1=100MHz +24 dBm
tR Rise time 500 ps
tp Propagation delay 500 ps
35 9
“ A I
< 32 < c —Ison
g : [ Ta=25C - 3 8 vu::v n ﬁ;s-c
© Vee=17v
% :: - + é 7 v::=6v 3 \ '/ -
% w Vee=5v ] N
g 2 -+ 8 l =
3 2 2 6 ] o
18
° 5 55 6 6.5 7 75 8 5 L l J l ] l
SUPPLY VOLTAGE—V w2 48 8w 2 408 8
FREQUENCY—MHz
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency
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THEORY OF OPERATION

The design is based on the use of multiple
feedback loops to provide wide-band gain
together with good noise figure and terminal
impedance matches. Referring to the circuit
schematic in Figure 15, the gain is set
primarily by the equation:

Vour

v = (Frt+Re) / Ret
N

M

which is series-shunt feedback. There is also
shunt-series feedback due to Rgp and Rga
which aids in producing wide-band terminal
impedances without the need for low value
input shunting resistors that would degrade
the noise figure. For optimum noise
performance, Rg1 and the base resistance of
Q; are kept as low as possible, while Rgp is
maximized.

The noise figure is given by the following
equation:

KT
[fb+ RE1 +Eﬂa

NF = 10Log| 1 + ] dB (2)

where |g1=5.5mA, Rg1=12Q, r,=130Q,
KT/q=26mV at 25°C and Ry=50 for a 50Q
system and 75 for a 75Q system.

The DC input voltage level Viy can be
determined by the equation:

Vin=Vee1+{lc1+lca) Re(3)

where Rg1=12Q, Vgg=0.8V, Ic1=5mA and
lc3=7mA (currents rated at Vgc=6V).

Under the above conditions, Viy is
approximately equal to 1V.

Level shifting is achieved by emitter-follower
Qj3 and diode Qg, which provide shunt
feedback to the emitter of Q4 via Rgy. The
use of an emitter-follower buffer in this
feedback loop essentially eliminates
problems of shunt-feedback loading on the
output. The value of Rp1=140Q is chosen to
give the desired nominal gain. The DC output
voltage Vouyr can be determined by:

Voutr=Vcclc2+lce)R2,(4)

where Voo=6V, Ry=225Q, Ic2=8mA and
Ice=5mA.

From here, it can be seen that the output
voltage is approximately 3.1V to give
relatively equal positive and negative output
swings. Diode Qs is included for bias
purposes to allow direct coupling of Rg, to
the base of Q. The dual feedback loops
stabilize the DC operating point of the
amplifier.

The output stage is a Darlington pair (Qg and
Qp) which increases the DC bias voltage on

the input stage (Q4) to a more desirable
value, and also increases the feedback loop
gain. Resistor Rg optimizes the output VSWR
(Voltage Standing Wave Ratio). Inductors L4
and L, are bondwire and lead inductances
which are roughly 3nH. These improve the
high-frequency impedance matches at input
and output by partially resonating with 0.5pF
of pad and package capacitance.

POWER DISSIPATION
CONSIDERATIONS

When using the part at elevated temperature,
the engineer should consider the power
dissipation capabilities of each package.

At the nominal supply voltage of 6V, the
typical supply currentis 25mA (32mA max).
For operation at supply voltages other than
6V, see Figure 1 for Igg versus Veg curves.
The supply current is inversely proportional to
temperature and varies no more than 1mA
between 25°C and either temperature
extreme. The change is 0.1% per °C over the
range.

The recommended operating temperature
ranges are air-mount specifications. Better
heat-sinking benefits can be realized by
mounting the SO and N package bodies
against the PC board plane.

Vee
C
< Rz ‘D
$ o 225 $ RO L2
os‘\,', MWA-TM_o vour
10 3nH
iV
N
@
‘b
SR
< 140
$ RE2
< 12
RF2
200

Figure 15. Schematic Diagram
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PC BOARD MOUNTING

In order to realize satisfactory mounting of
the NE5204A to a PC board, certain
techniques need to be utilized. The board
must be double-sided with copper and all pins
must be soldered to their respective areas
(i.e., all GND and V¢ pins on the package).
The power supply should be decoupled with a
capacitor as close to the V¢c pins as
possible, and an RF choke should be inserted
between the supply and the device. Caution
should be exercised in the connection of input
and output pins. Standard microstrip should
be observed wherever possible. There should
be no solder bumps or burrs or any
obstructions in the signal path to cause
launching problems. The path should be as
straight as possible and lead lengths as short
as possible from the part to the cable
connection. Another important consideration
is that the input and output should be
AC-coupled. This is because at V=6V, the
input is approximately at 1V while the output
is at 3.1V. The output must be decoupled into
a low-impedance system, or the DC bias on
the output of the amplifier will be loaded
down, causing loss of output power. The
easiest way to decouple the entire amplifier is
by soldering a high-frequency chip capacitor
directly to the input and output pins of the
device. This circuit is shown in Figure 16.
Follow these recommendations to get the
best frequency response and noise immunity.
The board design is as important as the
integrated circuit design itself.

SCATTERING PARAMETERS
The primary specifications for the NES204A
are listed as S-parameters. S-parameters are

measurements of incident and reflected
currents and voltages between the source,

Vee

RF CHOKE

DECOUPLING
I CAPACITOR

o vour

AC AC
COUPLING COUPLING
CAPACITOR CAPACITOR

Figure 16. Circuit Schematic for
Coupling and Power Supply Decoupling

amplifier, and load as well as transmission
losses. The parameters for a two-port
network are defined in Figure 17.

Actual S-parameter measurements using an
HP network analyzer (model 8505A) and an
HP S-parameter tester (models 8503A/B) are
shown in Figure 18.

Values for the figures below are measured
and specified in the data sheet to ease
adaptation and comparison of the
NE/SA/SE5204A to other high-frequency
amplifiers.

The most important parameter is Sp;. Itis
defined as the square root of the power gain,
and, in decibels, is equal to voltage gain as
shown below:

Zp=2iN=Zour for the NE/SA/SES204A

o— NES5204A |—

Pw + Yn? Pour + Vou?

Zp Zo o 2

Your”

L Pour _ " _ VouP _ P

T
Zp
P=V|2

P\=Insertion Power Gain
Vi=Insertion Voltage Gain
Measured value for the
NE/SA/SE5204A =Sy, | 2= 100

ap =P 52 2100

PN
andVy = YT _ /B - 8, = 10
Vin
In decibels:

Pygg) =10 Log | Sy | 2=20dB
Vi) = 20 Log Sy¢ = 20dB
. Pygp) = Viigp) = S21(p) = 20dB

Also measured on the same system are the
respective voltage standing wave ratios.
These are shown in Figure 19. The VGWR
can be seen to be below 1.5 across the entire
operational frequency range.

Relationships exist between the input and
output return losses and the voltage standing
wave ratios. These relationships are as
follows:

POWER REFLECTED
$11— INPUT RETURN LOSS s _FROMINPUTPORT_____
s n-= = | POWER AVAILABLE FROM
21 GENERATOR AT INPUT PORT
S12— REVERSE TRANSMISSION LOSS Syp= REVEECS,%VEEA(;"AS,RUCER
\ OSOLATION
Sty b S22
S21 — FORWARD TRANSMISSION LOSS S21 = \[TRANSDUCER POWER GAIN
- OR INSERTION GAIN
Sq2 POWER REFLECTED
FROM OUTPUT PORT
Sp— OUTPUT RETURN LOSS Spo=
POWER AVAILABLE FROM
GENERATOR AT OUTPUT PORT
a. Two-Port Network Defined b.
Figure 17.
February 25, 1992 41



Philips Semiconductors RF Communications Products

Product specification

Wide-band high-frequency amplifier

NE/SA5204A

e. Input (Syq)

50Q System 75Q System
2 - ® N
T | Vec=8v ?:
Vee=8v ;: Vee=7v {Z
!
vee=7v #- ]
g = i= u
% T\ g Voo oo H
Vee =6V [
z vec=6v B . L
: 5
2 I z0-50 \ T [T 2o=me
= — T Ta=25C )
| Ta=25°C — 1 I 1
| | 10
10 1 4 6 8,2 4 6 8,3
o 2 4 6 8,2 2 4 6 8,3 w2 w? 2 10
FREQUENCY—MHz FREQUENCY—MHz
a. Insertion Gain vs Frequency (Sy;) b.. Insertion Gain vs Frequency (S,;)
i | l | i | ] | ]
- -15 Zp =50Q @ -15 Zo=75Q
Ta=25°C I TA=25°C
Vee =6V g Vee =6V
E -20 s -20
3 g
[] " T 25
-25
-
-30
-30
10! 2 4 6 8,2 2 4 68 43 10! 2 4 6 8,2 2 4 68,3
FREQUENCY—MHz FREQUENCY—MHz
c. Isolation vs Frequency (S;2 d. S, Isolation vs Frequenc:
equency quency
0 %
o
@ @
2 35
73 14
28 4 83
3 ; ==z
N outpPuT zx
Eg N 5 ouTPUT
BE N 2k \
w & We /
€, |  Voc=oV N\ A £5 —t =N
5 20= 5
EE o INPUT \\l gt INPUT Vec =6V \x\
=0 15 O Zo=75Q N
° [ I | Tp=25°C N
10 10 | 1
10! 2 4 6 8,2 2 4 68,3 10! 2 4 6 8,2 2 4 68,43

FREQUENCY—MHz

and Output (Sy,) Return Loss

vs Frequency Figure 18

f. Input (S4;) and Output (Sx,) Return Loss

FREQUENCY—MHz

vs Frequency

INPUT RETURN LOSS=S,,dB
$11dB=20 Log | Sy |

OUTPUT RETURN LOSS=S,,dB

S,,dB=20 Log | Sp, |

INPUT VSWR=<1.5

OUTPUT VSWR=<1.5
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1DB GAIN COMPRESSION AND

SATURATED OUTPUT POWER

of the output power level where the
small-signal insertion gain magnitude

decreases 1dB from its low power value. The

decrease is due to nonlinearities in the

42

The 1dB gain compression is a measurement

amplifier, an indication of the point of
transition between small-signal operation and
the large signal mode.

The saturated output power is a measure of
the amplifier’s ability to deliver power into an
external load. It is the value of the amplifier’s
output power when the input is heavily
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overdriven. This includes the sum of the
power in all harmonics.

INTERMODULATION INTERCEPT
TESTS

The intermodulation intercept is an
expression of the low level linearity of the
amplifier. The intermodulation ratio is the
difference in dB between the fundamental
output signal level and the generated
distortion product level. The relationship
between intercept and intermodulation ratio is
illustrated in Figure 20, which shows product
output levels plotted versus the level of the
fundamental output for two equal strength
output signals at different frequencies. The
upper line shows the fundamental output
plotted against itself with a 1dB to 1dB slope.
The second and third order products lie below

the fundamentals and exhibit a 2:1 and 3:1
slope, respectively.

The intercept point for either product is the
intersection of the extensions of the product
curve with the fundamental output.

The intercept point is determined by
measuring the intermodulation ratio at a
single output level and projecting along the
appropriate product slope to the point of
intersection with the fundamental. When the
intercept point is known, the intermodulation
ratio can be determined by the reverse
process. The second order IMR is equal to
the difference between the second order
intercept and the fundamental output level.
The third order IMR is equal to twice the
difference between the third order intercept
and the fundamental output level. These are
expressed as:

IP2=PoyT+IMR2
IP3=Poyr+IMR3/2

where Pgyr is the power level in dBm of each
of a pair of equal level fundamental output
signals, IP, and IP3 are the second and third
order output intercepts in dBm, and IMR; and
IMR; are the second and third order
intermodulation ratios in dB. The
intermodulation intercept is an indicator of
intermodulation performance only in the small
signal operating range of the amplifier. Above
some output level which is below the 1dB
compression point, the active device moves
into large-signal operation. At this point the
intermodulation products no longer follow the
straight line output slopes, and the intercept
description is no longer valid. Itis therefore
important to measure |P, and IP3 at output
levels well below 1dB compression. One

20 T T 20 T T

19 +—+ 19 ——

18— Tp=25C 18— g b o2sc
g 17— Vcc=6V ; 17— vge=6V ,,
216 216 yi
'é 15 Vi 515
Z14 / g 14

13k Zo=‘750. 131 25=750

12F 50 son - 1.2 [t a

1.1 ; N 1.1 | Zo =500 —

1.0 L 1.0 L L

I 4 68,52 2 4 68,3 o 2 4 68,2 2 4 68,3
FREQUENCY—MHz FREQUENCY—MHz
a. Input VSWR vs Frequency b. Output VSWR vs Frequency
Figure 19. Input/Output VSWR vs Frequency

must be careful, however, not to select too
low levels because the test equipment may
not be able to recover the signal from the
noise. For the NE/SA5204A we have chosen
an output level of —10.5dBm with
fundamental frequencies of 100.000 and
100.01MHz, respectively.

ADDITIONAL READING ON
SCATTERING PARAMETERS

For more information regarding
S-parameters, please refer to
High-Frequency Amplifiers by Ralph S.
Carson of the University of Missouri, Rolla,
Copyright 1985; published by John Wiley &
Sons, Inc.

“S-Parameter Techniques for Faster, More
Accurate Network Design”, HP App Note 95-1,
Richard W. Anderson, 1967, HP Journal.

“S-Parameter Design”, HP App Note 154,
1972.
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DESCRIPTION

The NE/SA/SE5205A family. of wideband
amplifiers replace the NE/SA/SE5205 family.
The ‘A’ parts are fabricated on a rugged 2um
bipolar process featuring excellent statistical
process control. Electrical performance is
nominally identical to the original parts.

The NE/SA/SE5205A is a high-frequency
amplifier with a fixed insertion gain of 20dB.
The gain is flat to £0.6dB from DC to
450MHz, and the -3dB bandwidth is greater
than 600MHz in the EC package. This
performance makes the amplifier ideal for
cable TV applications. For lower frequency
applications, the part is also available in
industrial standard dual in-line and small
outline packages. The NE/SA/SE5205A
operates with a single supply of 6V, and only
draws 24mA of supply current, which is much
less than comparable hybrid parts. The noise
figure is 4.8dB in a 75Q system and 6dB in a
50Q system.

Until now, most RF or high-frequency
designers had to settle for discrete or hybrid
solutions to their amplification problems. Most
of these solutions required trade-offs that the
designer had to accept in order to use
high-frequency gain stages. These include
high-power consumption, large component
count, transformers, large packages with heat
sinks, and high part cost. The
NE/SA/SE5205A solves these problems by
incorporating a wide-band amplifier on a
single monolithic chip.

The part is well matched to 50 or 76Q input
and output impedances. The Standing Wave
Ratios in 50 and 75Q systems do not exceed
1.5 on either the input or output from DC to
the -3dB bandwidth limit.

Since the part is a small monolithic IC die,
problems such as stray capacitance are
minimized. The die size is small enough to fit
into a very cost-effective 8-pin small-outline

(SO) package to further reduce parasitic
effects. .

No external components are needed other
than AC coupling capacitors because the
NE/SA/SE5205A is internally compensated
and matched to 50 and 75Q. The amplifier
has very good distortion specifications, with
second and third-order intermodulation
intercepts of +24dBm and +17dBm
respectively at 100MHz.

The device is ideally suited for 75Q cable
television applications such as decoder
boxes, satellite receiver/decoders, and
front-end amplifiers for TV receivers. It is also
useful for amplified splitters and antenna
amplifiers.

The part is matched well for 50Q test
equipment such as signal generators,
oscilloscopes, frequency counters and all
kinds of signal analyzers. Other applications
at 50Q include mobile radio, CB radio and
data/video transmission in fiber optics, as
well as broad-band LANs and telecom
systems. A gain greater than 20dB can be
achieved by cascading additional
NE/SA/SE5205As in series as required,
without any degradation in amplifier stability.

FEATURES
® 600MHz bandwidth

© 20dB insertion gain

© 4.8dB (6dB) noise figure ZO=75Q
(ZO=50Q)

® No external components required

® Input and output impedances matched to
50/75Q systems

® Surface mount package available

©® MIL-STD processing available

PIN CONFIGURATIONS

N, D Packages
%
Vee 11

51 veo

vin 2]
GND [3]
GND [7]

20dB

7] vour
6] GND
5] GND

TOP VIEW

APPLICATIONS

® 75Q cable TV decoder boxes

® Antenna amplifiers
©® Amplified splitters
® Signal generators
® Frequency counters
® Oscilloscopes

® Signal analyzers

® Broad-band LANs
® Fiber-optics

©® Modems

® Mobile radio

® Security systems

® Telecommunications

® 2000V ESD protection
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Outline (SO) package 0 to +70°C NES5205AD 0174
8-Pin Plastic Dual In-Line Package (DIP) 0 to +70°C NES5205AN 0404
8-Pin Plastic Small Outline (SO) package -40 to +85°C SA5205AD 0174
8-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA5205AN 0404
8-Pin Plastic Dual In-Line Package (DIP) -565 to +125°C SE5205AN 0404
February 24, 1992 44 853-1698 05759
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EQUIVALENT SCHEMATIC
Vee
by
< <
S R S R2
N AAA
a3 oV,
/I Vv ouT
l)os
i I
‘D
3
VIN O———m— a1 [+2] E: RE2
RF1
RE1
as
= RF2
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 \"
Vac AC input voltage 5 Vp.p
Ta Operating ambient temperature range ‘
) NE grade 0to +70 °C
SA grade -40 to +85 °C
SE grade -55t0 +125 °C
Ppmax Maximum power dissipation,
Ta=25°C (still-air)!-2
N package 1160 mwW
D package 780 mwW
NOTES:
1. Derate above 25°C, at the following rates:
N package at 9.3mW/°C
D package at 6.2mW/°C
2. See "Power Dissipation Considerations” section.
45
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DC ELECTRICAL CHARACTERISTICS
Voo=6V, Zg=2) =Zc=50Q and Ta=25°C in all packages, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS SE5205A NE/SA5205A UNIT
Min Typ Max | Min | Typ | Max
Vee Operating supply voltage range Over temperature g 255 g g ‘\ll
o Supply current ) 20 25 32 20 25 32 mA
Over temperature 19 25 33 19 25 33 mA
S21 Insertion gain f=100MHz 17 19 21 17 19 21 dB
Over temperature 16.5 215 | 165 21.5
S11 Input return loss f=100MHz D, N 25 25 dB
DC - fuax D, N 12 12 dB
S22 Output return loss f=100MHz D, N 27 27 dB
DC - fmax 12 12 dB
S12 Isolation f=100MHz -25 -25 dB
DC - fyax -18 -18 dB
tr Rise time 500 500 ps
tp Propagation delay 500 500 ps
BW Bandwidth +0.5dBD,N ° 300 450 MHz
fmax Bandwidth -3dBD, N 5§50 | . MHz
Noise figure (76) f=100MHz 4.8 4.8 dB
Noise figure (50Q) f=100MHz 6.0 6.0 dB
Saturated output power f=100MHz +7.0 +7.0 - dBm
1dB gain compression f=100MHz +4.0 +4.0 dBm
;’gﬁ:;?::;i’t;"wu'a”" f=100MHz 7 7 dBm
if:fc';‘:)&f:t;'&';"m““'a"°" 1=100MHz +24 | +24 dBm
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POWER SUPPLY VOLTAGE—V
Figure 7. Second-Order Output Intercept
vs Supply Voltage
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THEORY OF OPERATION which is series-shunt feedback. There is also  The noise figure is given by the following
The design is based on the use of multiple shunt-series feedback due to Rr, and R, equation:
feedback loops to provide wide-band gain Wwhich aids in producing wideband terminal NF =
together with good noise figure and terminal impedances without the need for low value -
impedance matches. Referring to the circuit ~ - input shunting resistors that would degrade 10108 11 "+ Re+ 500 a @
schematic in Figure 15, the gain is set the noise figure. For optimum noise . R
primarily by the equation: performance, Rgy and the base resistance of
Q are kept as low as possible while Rgais
Your - M " (1)  maximized.
Vin Ry
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where Ig1=5.5mA, Rg1=12Q, r,=130Q,
KT/q=26mV at 25°C and Ro=50 for a 50Q
system and 75 for a 75Q system.

The DC input voltage level V|\ can be
determined by the equation:

ViN=Vae1+(lc1+lca) Res

where Rg1=12Q, Vge=0.8V, lg1=5mA and
Ic3=7mA (currents rated at Vgc=6V).

Under the above conditions, Vy is
approximately equal to 1V.

Level shifting is achieved by emitter-follower

feedback loop essentially eliminates
problems of shunt feedback loading on the
output. The value of Rg1=140Q is chosen to
give the desired nominal gain. The DC output
voltage Voyrt can be determined by:

Vout=Vcc-(lca+lce)R2,(4)

where Vggo=6V, R;=225Q, lc2=8mA and
lce=5mA.

From here it can be seen that the output
voltage is approximately 3.1V to give

the base of Qy. The dual feedback loops
stabilize the DC operating point of the
amplifier.

The output stage is a Darlington pair (Qg and
Q) which increases the DC bias voltage on
the input stage (Qy) to a more desirable
value, and also increases the feedback loop
gain. Resistor Ry optimizes the output VSWR
(Voltage Standing Wave Ratio). Inductors L4
and Lp are bondwire and lead inductances
which are roughly 3nH. These improve the
high-frequency impedance matches at input
and output by partially resonating with 0.5pF

Qg3 and diode Q4 which provide shunt relatively equal positive and negative output of pad and package capacitance.
feedback to the emitter of Q; via Rgy. The swings. Diode Qg is included for bias
use of an emitter-follower buffer in this purposes to allow direct coupling of Rg to
Vee
fo | Bin u

ViN L2

4 oe
o—Y '—“d at E o4 e
- 3%

RF1

‘v‘v‘v

140 RE2
$ RE1
3 12

H—
8

RF2

VWA

Figure 15. Schematic Diagram

8
b

12

POWER DISSIPATION
CONSIDERATIONS

When using the part at elevated temperature,
the engineer should consider the power
dissipation capabilities of each package.

At the nominal supply voltage of 6V, the
typical supply current is 25mA (32mA Max).
For operation at supply voltages other than
6V, see Figure 1 for Igc versus Ve curves.
The supply current is inversely proportional to
temperature and varies no more than 1mA
between 25°C and either temperature
extreme. The change is 0.1% per over the
range.

February 24, 1992

The recommended operating temperature
ranges are air-mount specifications. Better
heat sinking benefits can be realized by
mounting the D package body against the PC
board plane.

PC BOARD MOUNTING

In order to realize satisfactory mounting of
the NE5205A to a PC board, certain
techniques need to be utilized. The board
must be double-sided with copper and all pins
must be soldered to their respective areas
(i.e., all GND and V¢ pins on the SO

49

package). The power supply should be
decoupled with a capacitor as close to the
Ve pins as possible and an RF choke
should be inserted between the supply and
the device. Caution should be exercised in
the connection of input and output pins.
Standard microstrip should be observed
wherever possible. There should be no solder
bumps or burrs or any obstructions in the
signal path to cause launching problems. The
path should be as straight as possible and
lead lengths as short as possible from the
part to the cable connection. Another
important consideration is that the input and
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output should be AC coupled. This is
because at Vgc=6V, the input is
approximately at 1V while the output is at
3.1V. The output must be decoupled into a
low impedance system or the DC bias on the
output of the amplifier will be loaded down
causing loss of output power. The easiest
way to decouple the entire amplifier is by
soldering a high frequency chip capacitor
directly to the input and output pins of the
device. This circuit is shown in Figure 16.
Follow these recommendations to get the
best frequency response and noise immunity.
The board design is as important as the

S-parameters are measurements of incident
and reflected currents. and voltages between
the source, amplifier and load as well as
transmission losses. The parameters for a
two-port network are defined in Figure 17.

Actual S-parameter measurements using an
HP network analyzer (model 8505A) and an
HP S-parameter tester (models 8503A/B) are
shown in Figure 18.

Values for the figures below are measured
and specified in the data sheet to ease
adaptation and comparison of the
NE/SA/SE5205A to other high-frequency

Vee

RF CHOKE

DECOUPLING
I CAPACITOR

vin o—1

AC
COUPLING

CAPACITOR CAPACITOR

Figure 16. Circuit Schematic for

integrated circuit design itself. amplifiers. Coupllngnand‘::::l: ;r Supply
SCATTERING PARAMETERS
The primary specifications for the
NE/SA/SE5205A are listed as S-parameters.
POWER REFLECTED
FROM INPUT PORT
Sty — INPUT RETURN LOSS Sy1= SOWER AVAILABLE FROM

S GENERATOR AT INPUT PORT
REVERSE TRANSDUCER
S12 — REVERSE TRANSMISSION LOSS S12= V
s POWER GAIN
Si1 b S22
Sp1 — FORWARD TRANSMISSION LOSS S21 = \[TRANSDUCER POWER GAIN
OR INSERTION GAIN
POWER REFLECTED
S12 FROM OUTPUT PORT
Spp— OUTPUT RETURN LOSS Sy =
POWER AVAILABLE FROM
GENERATOR AT OUTPUT PORT
a. Two-Port Network Defined b
Figure 17.
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The most important parameter is Spy. Itis
defined as the square root of the power gain,
and, in decibels, is equal to voltage gain as
shown below:

Zp=Z\n=Zouyr for the NE/SA/SE5205A

NE/SA/

. Vo2 7| SEs208A [p -, Vour®
IN + 25 Zp

o— o [

Youl
. Pour _ % =_‘_/9£’ﬁ=P,
TPN VWP vn?

[5)

PV, 2

Pi=Insertion Power Gain
V=Insertion Voltage Gain

Measured value for the
NE/SA/SE5205A = Sy | 2= 100

P =P s 12 2100
Pin

andV,:Vl;iT =JP, =S =10
IN

In decibels:

Pyag) =10 Log | Szq | 2=20dB
Vigg) = 20 Log Sy = 20dB

= Pyap) = Vi) = S21(gp) = 20dB

Also measured on the same system are the
respective voltage standing wave ratios.
These are shown in Figure 19. The VSWR
can be seen to be below 1.5 across the entire
operational frequency range.

Relationships exist between the input and
output return losses and the voltage standing
wave ratios. These relationships are as
follows:

INPUT RETURN LOSS=S,,dB
S11dB=20 LOg | S“ |

OUTPUT RETURN LOSS=S2,dB
S22dB=20 Log | S22 |

INPUT VSWR=<1.5
OUTPUT VSWR=<1.5

1dB GAIN COMPRESSION AND
SATURATED OUTPUT POWER
The 1dB gain compression is a measurement
of the output power level where the
small-signal insertion gain magnitude
decreases 1dB from its low power value. The
decrease is due to nonlinearities in the
amplifier, an indication of the point of
transition between small-signal operation and
the large signal mode.

The saturated output power is a measure of
the ampilifier's ability to deliver power into an
external load. Itis the value of the amplifier's
output power when the input is heavily
overdriven. This includes the sum of the
power in all harmonics.

INTERMODULATION INTERCEPT
TESTS

The intermodulation intercept is an
expression of the low level linearity of the
amplifier. The intermodulation ratio is the
difference in dB between the fundamental
output signal level and the generated
distortion product level. The relationship
between intercept and intermodulation ratio is
illustrated in Figure 20, which shows product
output levels plotted versus the level of the
fundamental output for two equal strength
output signals at different frequencies. The
upper line shows the fundamental output
plotted against itself with a 1dB to 1dB slope.
The second and third order products lie below
the fundamentals and exhibit a 2:1 and 3:1
slope, respectively.

The intercept point for either product is the
intersection of the extensions of the product
curve with the fundamental output.

The intercept point is determined by
measuring the intermodulation ratio ata
single output level and projecting along the
appropriate product slope to the point of
intersection with the fundamental. When the
intercept point is known, the intermodulation
ratio can be determined by the reverse
process. The second order IMR is equal to
the difference between the second order
intercept and the fundamental output level.
The third order IMR is equal to twice the
difference between the third order intercept
and the fundamental output level. These are
expressed as:

IP2=Pour+IMRz
1P3=Pout+IMRy/2

where Poyr is the power level in dBm of each
of a pair of equal level fundamental output
signals, 1P, and |P3 are the second and third
order output intercepts in dBm, and IMR; and
IMR; are the second and third order
intermodulation ratios in dB. The
intermodulation intercept is an indicator of
intermodulation performance only in the small
signal operating range of the amplifier. Above
some output level which is below the 1dB
compression point, the active device moves
into large-signal operation. At this point the
intermodulation products no longer follow the
straight line output slopes, and the intercept
description is no longer valid. It is therefore
important to measure P, and IP3 at output
levels well below 1dB compression. One
must be careful, however, not to select too
low levels because the test equipment may
not be able to recover the signal from the
noise. For the NE/SA/SE5205A we have
chosen an output ievel of -10.5dBm with
fundamental frequencies of 100.000 and
100.01MHz, respectively.

20 : ] 20 T -
I 1
19 I I 19 I 1
18 —— Tp=25°C 1.8 }b— 'If ='25‘c'
—— vVcc=6V —— Tamb
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= 13- ‘0= ° 13 - 726=750

12 1 77 12 = L 7

| zo=500 e, a

1.1 ; AV 11 |= Zo=50 ]
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10! 2 4 6 8,2 2 4 68,3 10! 2 4 8 8,2 2 4 68,3
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a. Input VSWR vs Frequency b. Output VSWR vs Frequency
Figure 19. Input/Output VSWR vs Frequency
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ADDITIONAL READING ON

SCATTERING PARAMETERS

For more information regarding

S-parameters, please refer to

“S-Parameter Techniques for Faster, More
Accurate Network Design”, HP App Note 95-1,
Richard W. Anderson, 1967, HP Journal.

“S-Parameter Design”, HP App Note 154,

High-Frequency Amplifiers by Ralph S. 1972,
Carson of the University of Missouri, Rolla,
Copyright 1985; published by John Wiley &
Sons, Inc.
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Wideband variable gain amplifier ‘ NE/SA5209

DESCRIPTION FEATURES PIN CONFIGURATION
The NE5209 represents a breakthrough in @ Gain to 1.5GHz
monolithic amplifier design featuring several i N, D PACKAGES
innovations. This unique design has © 850MHz bandwidth U,
o?mbmed the ad\{antages ofa hlg.h speed ® High impedance differential input Veer LT— 18] vece
bipolar process with the proven Gilbert GND4 Ez: 15 GND,
architecture. © 50Q differential output Na E E ouTa
The NE5209 is a linear broadband RF ) ® Single 5V power supply GND4 E T_a'] GNDj
amplifier whose gain is controlled by a single . X . E l_ﬂ
DC voltage. The amplifier runs off a single 5 0 - 1V gain control pin INs ouTs
‘volt supply and consur::s only iOmA. The ® >60dB gain control range at 200MHz GND, E % GND
-amplifier has high impedance (1kQ) " o X veg L7 10]
differential inputs. The output is 50Q ® 26dB maximum gain differential vace 2] %) G:z:
d'ufferenual. Therefore, the 5299 can ® Exceptional Veontrow / Vaai linearity
simultaneously perform AGC, impedance o )
transformation, and the balun functions. ® 7dB noise figure minimum
The dynamic range is excellent over a wide ® Full ESD protection
range of gain setting. Furthermore, the noise .
performance degrades at a comparatively ® Easily cascadable
slow rate as the gain is reduced. This is an
important feature when building linear AGC
systems. APPLICATIONS
® Linear AGC systems
© Very linear AM modulator
® RF balun
® Cable TV multi-purpose amplifier
® Fiber optic AGC
® RADAR
® User programmable fixed gain block
® Video
® Satellite receivers
® Cellular communications
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
16-Pin Plastic Small Outline (SO) package 0to +70°C NES5209D 0005
16-Pin Plastic Dual In-Line Package (DIP) ' 0 to +70°C NE5209N 0406
16-Pin Plastic Small Outline (SO) package -40 to +85°C SA5209D 0005
16-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA5209N 0406
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage -0.5t0 +8.0 \%
Power dissipation, Ta = 25°C (still air)?

Pp 16-Pin Plastic DIP 1450 mwW

16-Pin Plastic SO 1100 mwW
Tymax | Maximum operating junction temperature 150 °c
Tsta Storage temperature range -65 to +150 °c

NOTES:

1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 65:
16-Pin DIP: 6,5 =85°C/W
16-Pin SO: 6,4 = 110°C/W

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage Vec1=Vece=4.51t0 7.0V \%
Operating ambient temperature range o
Ta NE Grade 010 +70 Cc
SA Grade -40 to +85 °c
Operating junction temperature range o
T, NE Grade 0 to +90 c
SA Grade -40t0 +105 °c

DC ELECTRICAL CHARACTERISTICS
Ta =25°C, Vg1 = Vecz = +5V, Vage = 1.0V, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
lcc Supply current DC tested 38 43 48 mA
Over temperature’ 30 55 mA
Ay Voltage gain (single-ended in/single-ended out) | DC tested, R = 10kQ 17 19 21 dB
Over temperature! 16 22 dB
Ay Voltage gain (single-ended in/differengial out) DC tested, R, = 10kQ 23 25 27 dB
Over temperature! 22 28 dB
Rin Input resistance (single-ended) DC tested at £50pA 0.9 12 1.5 kQ
Over temperature’ 0.8 1.7 kQ
Rout Output resistance (single-ended) DC tested at +1mA 40 60 75 Q
Over temperature? 35 90 Q
Vos Output offset voltage (output referred) +20 +100 mV
Over temperature! +250 mV
Vin DC level on inputs 1.6 20 24 )
Over temperature’ 1.4 26 Y
Vout DC level on outputs 1.9 24 29 '
Over temperature! 1.7 3.1 \
PSRR Output offset supply rejection ratio 20 45 dB
(output referred) Over temperature! 15 dB
Vea Bandgap reference voltage 4};5;:;/ ?‘(;):.(72\/ 12 182 145 v
Over temperature! 1.1 1.55 v
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DC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Vet = Veez = +5.0V, Vage = 1.0V, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Rea Bandgap loading Over temperature! 2 10 kQ
Vace AGC DC control voltage range Over temperature’ ; 0-1.3 \
Isace AGC pin DC bias current 0V<Vpge<1.3V -0.7 -6 pA
Over temperature’ -10 HA

NOTES:
1. *Over Temperature Range” testing is as follows:
NE is 0 to +70°C
SAis -40 to +85°C
At the time of this data sheet release, the D package over-temperature data sheet limits are guaranteed via guardbanded room temperature
testing only.

AC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Veet = Veoa = +5.0V, Vage = 1.0V, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
BW -3dB bandwidth 600 850 MHz
Over temperature! 500 MHz
GF Gain flatness DC - 500MHz +0.4 dB
Over temperature! +0.6 dB
Vimax ::An:xairm:pn;ggg;:onage swing (single-ended) for 200 mVp.p
Vomax Maximum output voltage swing (single-ended) R =50Q 400 mVp.p
for linear operation? R, = 1kQ 1.9 Vp.p
NF Noise figure (unmatched configuration) Rs = 50Q, f = 50MHz 9.3 dB
Vin-EQ Equivalent input noise voltage spectral density f = 100MHz 25 nVAHz
S12 Reverse isolation f = 100MHz -60 dB
AG/AVge Gain supply sensitivity (single-ended) o 0.3 dB/NV
AG/AT Gain temperature sensitivity - R_=50Q 0.013 dB/°C
Cin Input capacitance (single-ended) 2 pF
BWagc -3dB bandwidth of gain control function ) 20 MHz
Po-108 1dB gain compression point at output f=100MHz -3 dBm
P10 1dB gain compression point atinput . f= 100MHz, Vage =0.1V -10 . dBm
‘ IP3out Third-order intercept point at output f = 100MHz, Vagc >0.5V +13 dBm
- IP3y Third-order intercept point at input f = 100MHz, Vagc <0.5V +5 dBm
AGag Gain match output A to output B f = 100MHz, Vage = 1V 0.1 dB
NOTE:

1. “Over Temperature Range" testing is as follows:
NE is 0 to +70°C
SA s -40 to +85°C
At the time of this data sheet release, the D package over-temperature data sheet limits are guaranteed via guardbanded room temperature
testing only. :
2. With R > 1kQ, overload occurs at input for single-ended gain < 13dB and at output for single-ended gain > 13dB. With R|_ = 50, overload
occurs atinput for single-ended gain < 6dB and at output for single-ended gain > 6dB.
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NE5209 APPLICATIONS

The NE5209 is a wideband variable gain
amplifier (VGA) circuit which finds many
applications in the RF, |F and video signal
processing areas. This application note
describes the operation of the circuit and
several applications of the VGA. The
simplified equivalent schematic of the VGA is
shown in Figure 1. Transistors Q1-Q6 form
the wideband Gilbert multiplier input stage
which is biased by current source 11. The top
differential pairs are biased from a buffered
and level-shifted signal derived from the Vagc
input and the RF input appears at the lower
differential pair. The circuit topology and
layout offer low input noise and wide
bandwidth. The second stage is a differential
transimpedance stage with current feedback
which maintains the wide bandwidth of the
input stage. The output stage is a pair of
emitter followers with 50Q output impedance.
There is also an on-chip bandgap reference
with buffered output at 1.3V, which can be
used to derive the gain control voltage.

Both the inputs and outputs should be
capacitor coupled or DC isolated from the
signal sources and loads. Furthermore, the
two inputs should be DC isolated from each
other and the two outputs should likewise be
DC isolated from each other. The NE5209
was designed to provide optimum
performance from a 5V power source.
However, there is some range around this
value (4.5 - 7V) that can be used.

The inputimpedance is about 1kQ. The main
advantage to a differential input configuration
is to provide the balun function. Otherwise,
there is an advantage to common mode
rejection, a specification that is not normally
important to RF designs. The source
impedance can be chosen for two different
performance characteristics: Gain, or noise
performance. Gain optimization will be

realized if the input impedance is matched to
about 1kQ. A 4:1 balun will provide such a
broadband match from a 50Q source. Noise
performance will be optimized if the input
impedance is matched to about 200Q. A 2:1
balun will provide such a broadband match
from a 50Q source. The minimum noise
figure can then be expected to be about 7dB.
Maximum gain will be about 23dB for a
single-ended output. If the differential output
is used and properly matched, nearly 30dB
can be realized. With gain optimization, the
noise figure will degrade to about 8dB. With
no matching unit at the input, a 9dB noise
figure can be expected from a 50Q source. If
the source is terminated, the noise figure will
increase to about 15dB. All these noise
figures will occur at maximum gain.

The NE5209 has an excellent noise figure vs
gain relationship. With any VGA circuit, the
noise performance will degrade with
decreasing gain. The 5209 has about a
1.2dB noise figure degradation for each 2dB
gain reduction. With the input matched for
optimum gain, the 8dB noise figure at 23dB
gain will degrade to about a 20dB noise figure
at 0dB gain.

The NE5209 also displays excellent linearity
between voltage gain and control voltage.
Indeed, the relationship is of sufficient
linearity that high fidelity AM modulation is
possible using the NE5209. A maximum
control voltage frequency of about 20MHz
permits video baseband sources for AM.

A stabilized bandgap reference voltage is
made available on the NE5209 (Pin 7). For
fixed gain applications this voltage can be
resistor divided, and then fed to the gain
control terminal (Pin 8). Using the bandgap
voltage reference for gain control produces
very stable gain characteristics over wide
temperature ranges. The gain setting
resistors are not part of the RF signal path,

and thus stray capacitance here is not
important.

The wide bandwidth and excellent gain
control linearity make the NE5209 VGA
ideally suited for the automatic gain control
(AGC) function in RF and IF processing in
cellular radio base stations, Direct Broadcast
Satellite (DBS) decoders, cable TV systems,
fiber optic receivers for wideband data and
video, and other radio communication
applications. A typical AGC configuration
using the NE5209 is shown in Figure 2.
Three NE5209s are cascaded with
appropriate AC coupling capacitors. The
output of the final stage drives the full-wave
rectifier composed of two UHF Schottky
diodes BAT17 as shown. The diodes are
biased by R1 and R2 to V¢ such thata
quiescent current of about 2mA in each leg is
achieved. An NE5230 low voltage op amp is
used as an integrator which drives the Vagc
pin on all three NE5209s. R3 and C3 filter
the high frequency ripple from the full-wave
rectified signal. A voltage divideris used to
generate the reference for the non-inverting
input of the op amp at about 1.7V. Keeping
D3 the same type as D1 and D2 will provide
a first order compensation for the change in
Schottky voltage over the operating
temperature range and improve the AGC
performance. R6 is a variable resistor for
adjustments to the op amp reference voltage.
In low cost and large volume applications this
could be replaced with a fixed resistor, which
would result in a slight loss of the AGC
dynamic range. Cascading three NE5209s
will give a dynamic range in excess of 60dB.

The NE5209 is a very user-friendly part and
will not oscillate in most applications.
However, in an application such as with gains
in excess of 60dB and bandwidth beyond
100MHz, good PC board layout with proper
supply decoupling is strongly recommended.

i

Vee "
3R, 3R, . *
Ko Q2 Q3 Qq
Vage
-1V Ng Qs Qg

Figure 1. Equivalent Schematic of the VGA

.
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Figure 2. AGC Configuration Using Cascaded NE5209s
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+5V
MINI CIRCUITS
2:1 BALUN
50Q OR SIMILA " 50Q
SOURCE LA fi ?
2 5200 T OUTPUT
50Q . .
1:2 Vage This circuit will exhibit about a 7dB
— 1V m figure with approximately
gain.
Figure 4. Broadband Noise Optimization
+5V
2:1 TURNS RATIO
LC TUNED
TRANSFORMER " " 500
500 _L “ R Q OUTPUT
SOURCE @ 5209 = This circuit will exhibit about a 7dB
. noise figure with approximately
- 22dB gain. Narrowband circuits
soQ have the advantage of greater
= stability, particularly when multiple
VaGC devices are cascaded.
+1V =
Figure 5. Narrowband Noise Optimization
+5V
MINI CIRCUITS
4:1 BALUN OR
50Q EQUIVALENT " " 50Q
SOURCE IT i @ OUTPUT
= I | 5209 = This circuit will exhibit about an 8dB
noise figure with 24dB gain.
= 1:4 50Q
Vage
+1 =
Figure 6. Broadband Gain Optimization
+5V
4:1 TURNS RATIO j
TRANSFORM
ER — I 500
500 _I_ ! 1 OUTPUT
SOURCE @ T 5209 = This circuit will exhibit approximate-
L { || { lyan8dB noise figure and 25dB gain.
- L /g s0a
vage
+1V =
Figure 7. Narrowband Gain Optimization
+5V
soa 11 j so
11
SOURCE 9 1 17 9
T 500 OUTPUT
= 5209 = The noise figure of this configuration
E will be approximately 15dB.
= = 500
VaGce
+1V =
Figure 8. Simple Ampiifier Configuration
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+5V

souso:csg———”__
i _:|_—H——

Figure 9. Unterminated Configuration
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5209 =
50Q
vaGce
+1V —
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With the 50Q source left untermi-
nated, the noise figure is 9dB.

Vage

R 9R ? +5V

Figure 11. AM Modulator
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= —— 5200 = Gain = 19dB + 20104 Vaac
= Va 50Q Ry
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Figure 10. User-Programmable Fixed Gain Block
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: AM (DSB)
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= I_
A 500

o et

All harmonic distortion products will be
at least -50dBc over the audio spectrum.

CRYSTAL
FILTER

|_
5209 |_ .

AR

50Q
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I.._.
—
1

VaGge VaGge

Vace

The high input impedance to the NE5209 makes matching
to crystal filters relatively easy. The total delta gain of this
system will app 80dB. IFfre i i

region can be configured with this type of architecture.

Figure 12. Receiver AGC IF Gain
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Wideband variable gain amplifier NE/SA5219

DESCRIPTION FEATURES PIN CONFIGURATION

The NE5219 represents a breakthrough in ® 700MHz bandwidth

monolithic amplifier design featuring several o ) - N, D PACKAGES
innovations. This unique design has ® High impedance differential input ~

cpmbined the adv'antages ofa hig_h speed ® 500 differential output Veer [ 1 El veez
bipolar process with the proven Gilbert GND4 E E_] GND2
architecture. ® Single 5V power supply Na LT_ E ouTp
The NE5219 is a linear broadband RF ® 0 - 1V gain control pin GND LT_ 1_—3] GND,
amplifier whose gain is controlled by a single : X

DC voltage. The amplifier runs off asingle 5 >600B gain control range at 200MHz g 3] 12] outg
volt supply and consumes only 40mA. The ® 26dB maximum gain differential GND¢ % 1] GND
amplifier has high impedance (1kQ) X . v, 7 10| GND.
differential inputs. The output is 50Q ® Exceptional VeonTroL / Vaain linearity v ’ a 9 cun:
differential. Therefore, the 5219 can © 7dB noise figure minimum AGC

simultaneously perform AGC, impedance .
transformation, and the balun functions. ® Full ESD protection

The dynamic range is excellent over a wide ® Easily cascadable
range of gain setting. Furthermore, the noise
performance degrades at a comparatively
slow rate as the gain is reduced. This is an APPLICATIONS
important feature when building linear AGC .
systems. ® |inear AGC systems
® Very linear AM modulator
® RF balun
® Cable TV multi-purpose amplifier
® Fiber optic AGC
©® RADAR
® User programmable fixed gain block
® Video
® Satellite receivers

® Cellular communications

ORDERING INFORMATION
} Description Temperature Range Order Code DWG #
16-Pin Plastic Small Outline (SO) package 0 to +70°C NES5219D 0005D
16-Pin Plastic Dual In-Line package (DIP) 0 to +70°C NES5219N 0406C
16-Pin Plastic Small Outline (SO) package -40 to +85°C SA5219D 0005D
16-Pin Plastic Dual In-Line package (DIP) -40 to +85°C SA5219N 0406C
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage -0.5t0 +8.0 "
Power dissipation, Ta = 25°C (still air)!

Pp 16-Pin Plastic DIP 1450 mW

16-Pin Plastic SO 1100 mW
Timax. | Maximum operating junction temperature 150 °c
Tste | Storage temperature range -65 to +150 °C

NOTES:

1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 6,5:
16-Pin DIP: 6,5 =85°C/W
16-Pin SO: 6,4 = 110°C/W

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage Vee1=Vecz=4.510 7.0V \
Operating ambient temperature range o
Ta NE Grade 0to +70 C
SA Grade -40 to +85 °c
Operating junction temperature range o
T, NE Grade 0 to +90 c
SA Grade -40 to +105 °C

DC ELECTRICAL CHARACTERISTICS
Ta =25°C, Vee1 = Veca = +5V, Vage = 1.0V, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
lec Supply current DC tested 36 43 50 mA
Ay Voltage gain (single-ended in/single-ended out) | DC tested, R = 10kQ 16 19 22 dB
Ay Voltage gain (single-ended in/differential out) DC tested, R = 10kQ 22 25 28 dB
Rin Input resistance (single-ended) DC tested at +50pA 0.8 1.2 1.6 kQ
Rout Output resistance (single-ended) DC tested at £+1mA 35 60 80 Q
Vos Output offset voltage (output referred) +20 +150 mV
ViN DC level on inputs 16 2.0 24 \
Vour DC level on outputs 1.9 24 29 \"
PSRR Output offset supply rejection ratio 18 45 dB
Vg Bandgap reference voltage 4{45;:! (1;%<k(72v 1.2 182 145 v
Reg Bandgap loading 2 10 kQ
Vace AGC DC control voltage range 0-1.3 v
Isace AGC pin DC bias current 0V<Vage<1.3V -0.7 -6 pA
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AC ELECTRICAL CHARACTERISTICS
Ta =25°C, Vcet = Voo = +5.0V, Vage = 1.0V, unless otherwise specified.

) LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
BW -3dB bandwidth 700 MHz
GF Gain flatness DC - 500MHz +0.4 dB
Vinax mz);i:n;lpmeligzi)g:{oltage swing (single-ended) for 200 mYP.P .
VoMmax Maximum output voltage swing (single-ended) RL = 50Q 400 mVp.p
for linear operation’ RL = 1kQ 1.9 Vp.p
NF Noise figure (unmatched configuration) Rs = 50Q, f = 50MHz 9.3 dB
ViN-EQ Equivalent input noise voltage spectral density f = 100MHz 25 nVAHz
S12 Reverse isolation f = 100MHz -60 dB
AG/AVcoe Gain supply sensitivity (single-ended) 03 dB/vV
AG/AT Gain temperature sensitivity R = 50Q 0.013 dB/°C
Cin Input capacitance (single-ended) 2 pF
BWaac -3dB bandwidth of gain control function 20 MHz
Po.1d8 1dB gain compression point at output f = 100MHz -3 dBm
P48 1dB gain compression point at input f = 100MHz, Vpgc =0.1V -10 dBm
IP3out Third-order intercept point at output f = 100MHz, Vage >0.5V +13 dBm
IP3in Third-order intercept point at input f = 100MHz, Vage <0.5V +5 dBm
AGpg Gain match output A to output B f = 100MHz, Vage = 1V 0.1 dB
NOTE:

1. With R_ > 1kQ, overload occurs at input for single-ended gain < 13dB and at output for single-ended gain > 13dB. With R = 50Q, overload
occurs at input for single-ended gain < 6dB and at output for single-ended gain > 6dB.

NE5219 APPLICATIONS

The NE5219 is a wideband variable gain
amplifier (VGA) circuit which finds many
applications in the RF, IF and video signal
processing areas. This application note
describes the operation of the circuit and
several applications of the VGA. The
simplified equivalent schematic of the VGA is
shown in Figure 1. Transistors Q1-Q6 form
the wideband Gilbert multiplier input stage
which is biased by current source 1. The top
differential pairs are biased from a buffered
and level-shifted signal derived from the Vagc
input and the RF input appears at the lower
differential pair. The circuit topology and
layout offer low input noise and wide
bandwidth. The second stage is a differential
transimpedance stage with current feedback
which maintains the wide bandwidth of the
input stage. The output stage is a pair of
emitter followers with 50Q output impedance.
There is also an on-chip bandgap reference
with buffered output at 1.3V, which can be
used to derive the gain control voltage.

Both the inputs and outputs should be
capacitor coupled or DC isolated from the
signal sources and loads. Furthermore, the
two inputs should be DC isolated from each
other and the two outputs should likewise be

December 10, 1993

DC isolated from each other. The NE5219
was designed to provide optimum
performance from a 5V power source.
However, there is some range around this
value (4.5 - 7V) that can be used.

The input impedance is about 1kQ. The main
advantage to a differential input configuration
is to provide the balun function. Otherwise,
there is an advantage to common mode
rejection, a specification that is not normally
important to RF designs. The source
impedance can be chosen for two different
performance characteristics: Gain, or noise
performance. Gain optimization will be
realized if the input impedance is matched to
about 1kQ. A 4:1 balun will provide such a
broadband match from a 50 source. Noise
performance will be optimized if the input
impedance is matched to about 200Q. A 2:1
balun will provide such a broadband match
from a 50Q source. The minimum noise
figure can then be expected to be about 7dB.
Maximum gain will be about 23dB for a
single-ended output. If the differential output
is used and properly matched, nearly 30dB
can be realized. With gain optimization, the
noise figure will degrade to about 8dB. With
no matching unit at the input, a 9dB noise
figure can be expected from a 50Q source. If

4l

the source is terminated, the noise figure will
increase to about 15dB. All these noise
figures will occur at maximum gain.

The NE5219 has an excellent noise figure vs
gain relationship. With any VGA circuit, the
noise performance will degrade with
decreasing gain. The 5219 has about a
1.2dB noise figure degradation for each 2dB
gain reduction. With the input matched for
optimum gain, the 8dB noise figure at 23dB
gain will degrade to about a 20dB noise figure
at 0dB gain.

The NE5219 also displays excellent linearity
between voltage gain and control voltage.
Indeed, the relationship is of sufficient
linearity that high fidelity AM modulation is
possible using the NE5219. A maximum
control voltage frequency of about 20MHz
permits video baseband sources for AM.

A stabilized bandgap reference voltage is
made available on the NE5219 (Pin 7). -For
fixed gain applications this voltage can be
resistor divided, and then fed to the gain
control terminal (Pin 8). Using the bandgap
voltage reference for gain control produces
very stable gain characteristics over wide
temperature ranges. The gain setting
resistors are not part of the RF signal path,
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and thus stray capacitance here is not
important.

The wide bandwidth and excellent gain
control linearity make the NE5219 VGA
ideally suited for the automatic gain control
(AGC) function in RF and IF processing in
cellular radio base stations, Direct Broadcast
Satellite (DBS) decoders, cable TV systems,
fiber optic receivers for wideband data and
video, and other radio communication
applications. A typical AGC configuration
using the NE5219 is shown in Figure 2.
Three NE5219s are cascaded with
appropriate AC coupling capacitors. The
output of the final stage drives the full-wave

rectifier composed of two UHF Schottky
diodes BAT17 as shown. The diodes are
biased by R1 and R2 to V¢ such thata
quiescent current of about 2mA in each leg is
achieved.. An NE5230 low voltage op amp is
used as an integrator which drives the Vagc
pin on all three NE5219s. R3 and C3 filter
the high frequency ripple from the full-wave
rectified signal. A voltage divider is used to
generate the reference for the non-inverting
input of the op amp at about 1.7V. Keeping
D3 the same type as D1 and D2 will provide
a first order compensation for the change in
Schottky voltage over the operating
temperature range and improve the AGC

performance. R6 is a variable resistor for
adjustments to the op amp reference voltage.
In low cost and large volume applications this
could be replaced with a fixed resistor, which
would result in a slight loss of the AGC
dynamic range. Cascading three NE5219s
will give a dynamic range in excess of 60dB.

The NE5219 is a very user-friendly part and
will not oscillate in most applications.
However, in an application such as with gains
in excess of 60dB and bandwidth beyond
100MHz, good PC board layout with proper
supply decoupling is strongly recommended.

]
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Figure 1. Equivalent Schematic of VGA
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Figure 2. AGC Configuration Using Cascaded NE5219s
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5219

VAGC

Figure 4. Broadband Noise Optimization
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Figure 3. VGA AC Evaluation Board
MINLCIRCUITS
s0Q onsmnu\n sun
SOURCE 9 ourpur

This circuit will exhibit about a 7dB
noise figure with approximately
22dB gain.

+5V
2 1 TURNS RATIO
TRANSFORI‘ER '
I
SOURCE @
v,
A AGC

Figure 5. Narrowband Noise Optimization

Q OUTPUT

50Q

This circuit will exhibit abouta 7dB
noise’ figure with ' approximately
2dB gain. Narrowband circuits
. have the advantage of greater
| stability, particularly when multiple
devices are cascaded.
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MINI CIRCUITS
4:1 BALUN OR
EQUIVALENT
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| o
— 1:4 500
vage
v -

+1

Figure 6. Broadband Gain Optimization

l § OUTPUT

50Q

This circuit will exhibit about an 8dB
noise figure with 24dB gain.
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LC TUNED
TRANSFORMER "

Loz.

50Q
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T i i
SOURCE@"——

9 OUTPUT

= This circuit will exhibit approximate-

"i I

W

L ' 1y an 8dB noise figure and 25dB gain.
Figure 7. Narrowband Gain Optimization
50Q ]
SOURCE f ?B
500 OUTPUT
= 5219 The noi of this
I will be approxlmmly 15dB.
VAGC
Figure 8. Simple Amplifier Configuration
+§V
so2 11 11 m
SOURCE C_'E H I OUTPUT
= With the 50Q source left untermi-
_I:__l '__ nated, the nolse figure is 9dB.
VAGc
Figure 9. Unterminated Configuration
50Q . | 50Q
SOURCE 9 I I 9 OUTPUT

Figure 10. User-Programmable Fixed Gain Block

- Gain = 19dB + 2010910 Vace

2
where Vage = Vi

Aac LR1+R2 BGJ
and is in units of Volts, for Vygc <1

i
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v FULL CARRIER
AM (DSB)
50Q
RF INPUT — I-—————g)
50Q OUTPUT
souncsg— 5219 =
- A 500
= VAGC All harmonic distortion products will be
o at least -50dBc over the audio spectrum.
SV

Lo e

Figure 11. AM Modulator

o TS e
H |-—~/

o

Vage Vage

The high input impedance to the NE5219 makes matching o GAIN CONTROL
1o crystal filters relatively easy. The total deita gain of this SIGNAL
system will h80dB. IFfe i into the UHF

region can berconﬁgured wi;h this type of architecture.
Figure 12. Receiver AGC IF Gain

Vge (+5Y, uniess otherwise noted)

. .

Figure 13. Test Set-up 1 (Used for all Graphs)
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Figure 28. Third-Order Intermodulation Intercept vs Vgc
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DESCRIPTION APPLICATIONS PIN CONFIGURATION

The NE/SA5234 is a matched, low voltage, ® Automotive electronics

high performance quad operational amplifier. . e . N, and D PACKAGES

Among its unique input and output ® Signal conditioning and sensing [ S—

characteristics is'the capability for both input amplification oUTPUT E | outeut

and output rail-to-rail operation, particularly ® Portable instrumentation 1 4

critical in low voltage applications. The ANPUTy IZ 13| INPUT,

output swings to less than 50mV of both rails - Testand measurement

across the entire power supply range. The — Medical monitors and diagnostics +NPUT4 E 12| +4NPUT,

NE/SA5234 is capable of delivering 5.5V ~ Remote meters vee lz 1__1| GND

peak-to-peak across a 6002 load and will ® Audio equipment - .

typically draw only 700pA per amplifier. The udio equipm +NPUTy E 10| +INPUT3

lbsamfm is 2.6MHz and the 1% settling time  ® Security systems ' INPUT, E@ ZI ——

® Communications OUTPUT, E EI ouTPUTS

FEATURES - zaﬂelfs o

® Wide common-mode input voltage range: - L:Nu ar telephone

250mV beyond both rails
® Output swing within 50mV of both rails
® Functionality to 1.8V typical

® Low current consumptioﬁ: 700pA per
amplifier

® +15mA output current capability
® Unity gain bandwidth: 2.5MHz

® Slew rate: 0.8V/us

® Low noise: 25nV/VHz

® Electrostatic discharge protection.
® Short-circuit protection

® Output inversion prevention

- 5V Datacom bus
® Error amplifier in motor drives

® Transducer buffer amplifier

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Small Outline (SO) package 0to +70°C NE5234D 0175D
14-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NE5234N 0405B
14-Pin Plastic Small Outline (SO) package -40 to +85°C SA5234D 0175D
14-Pin Plastic Dual In-Line Package (DIP) -40 to +85°C SA5234N 0405B

October 1, 1993

853-1445 11006




Philips Semiconductors Linear Products

Product specification

Matched quad high-performance low-voltage
operational amplifier

NE/SA5234

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
Vee Single supply voltage 7 \
ESD protection voltage at any pin®
VEsp human body model 2000 \
robot model 200 \
Vs Dual supply voltage +3.5 \]
Vop Voltage at any device pin! Vs +0.5 \"
Ipp Current into any device pin' +50 mA
ViN Differential input voltage? 0.5 \
Vem Common-mode input voltage (positive) Vec +0.5 v
Vewm Common-mode input voltage (negative) Vege-0.5 Y
Pp Power dissipation® 500 mwW
Ty Operating junction temperature® +150 °c
Vsc glr’gﬂtyt g?alitti%? I;aalli?a\ﬁlng indefinite output short 7 Vv
Tsta Storage temperature range -65to +150 °c
Tsop | Lead soldering temperature (10sec max) +300 °c
0 Thermal impedance
14 pin Plastic DIP 80 °C/W
14 pin Plastic SO 115 °C/W
NOTES:

1. Each pin is protected by ESD diodes. The voltage at any pin is limited by the ESD diodes.
2. The differential input of each amplifier is limited by two internal diodes, connected in parallel and opposite to each other. For more differential

input range, use differential resistors in series with the input pins.

3. The maximum operating junction temperature is +150°C. At elevated temperatures, devices must be derated according to the package ther-
mal resistance and device mounting conditions. Derates above +25°C: F package at 6.7mW/°C; N package at 9.5mW/°C; D package at
6.25mW/°C.

4. Simultaneous short circuits of two or more amplifiers to the positive or negative rail can exceed the power dissipation ratings and cause
eventual destruction of the device.

5. Guaranteed by design.

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER RATING UNITS
Vee Single supply voltage +2t0 +56.5 \
Vg Dual supply voltage +110+2.75 \
Vem Common-mode input voltage (positive) Vee +0.25 \
Vem Common-mode input voltage (negative) Vee-0.25 v
Ta Temperature
NE . 0to+70 °c
SA -40 to +85 °C
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; 2. NE/SA5234
operational amplifier
DC ELECTRICAL CHARACTERISTICS
Vee = 210 5.5V, Vgg = 0V, T = 25°C; Vee < Vou < Veg; unless otherwise stated.
LIMITS
NE5234 SA5234
SYMBOL PARAMETER TEST CONDITIONS MIN YR MAX MIN TYP MAX UNITS
lcc Supply current Vee =5.5V 2.8 40 28 4.0 mA
Vee = 5.5V over full
tomperature range 3.0 46 3.2 48 mA
Vos Offset voltage 0.2 +4 $0.2 +4 mV
Over full temperature
range » 0.4 5 . 10.6 5 mV
Offset voltage drift with
AVos/AT temperature 4 4 uv/ree
Offset voltage difference
AVos | petween any amplifiers in 04 3 04 3 mv
the same package at the Over full temperature
same common mode level! range 08 4 1.2 4 mv
los Offset current +3 +20 +3 +30 nA
Over full temperature i
range +4 +30 16 460 nA
Alpg/AT | Offset current drift with 0.02 +3 0.03 +3 nA°C
temperature
Vee < Vem < Vee +0.5V -200 -90 -200 -90 nA
la |Inputbias current' Over f“':a‘f;';g‘*’a‘”"’ 225 | -100 ' 250 | -150 nA
Vee +1V < Vom < Vee 25 70 25 75 nA
Over full temperature
range 35 100 35 120 nA
Input bias current drift with
Alg/AT temperature 0.5 0.5 nA/°C
Input bias current difference | Veg < Vom < Veg +0.5V 10 30 10 30 nA
between any amplifierin the | Over full temperature '
Alg same package at the same range 1 & 50 50 70 nA
common mode level. Vee +1V < Vem < Voo 5 20 5 20 nA
Over full temperature
range 15 30 25 50 nA
Veum Common-mode input range Vos < 6mV Vee-0.25 Veo+0.25 | Veg-0.25 Vcc+0.25
A/ 6mV over full
tggserawre range Vee-0.1 Vee+0.1 | Vee0.1 Vee+0.1
Common-mode rejection Vee < Veum < VEe+0.5V, :
ratio, small signal Vee+1V < Vem < Vee 100 %0 100 a8
Over full temperature
CMRR range 100 80 90 dB
Common-mode rejection
ratio, large signal Vee <Vom <Vee % 100 a8
Over full temperature
range 80 90 dB
PSRR | Power supply rejection ratio VEe < Vem < Ve 80 100 80 100 aB
Over full temperature
range 80 90 80 90 dB
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Matched quad high-performance low-voltage

: 2 NE/SA5234
operational amplifier
DC ELECTRICAL CHARACTERISTICS (continued)
LIMITS
NE5234 SA5234
SYMBOL PARAMETER TEST CONDITIONS MIN P MAX MIN TYP MAX UNITS
Peak load current, sink and
Iy Source 10 12 10 12 mA
Over full temperature
range 5 8 5 8 mA
AvoL Open-loop voltage gain 90 110 90 110 dB
Over full temperature
range 90 90 dB
IPEAK =0.1mA VEE+0.05 Vec-0.05 | Vge+0.1 Vcc-0.1 \
Output voltage swing lpeak = 10mA Vege+0.25 Vcc-0.25 | Vege+0.25 Veo-0.25 \
! =5mA full
Vout PEAK:em,;“ ,a:gv: d Vgg+0.22 Vee-0.2 | Vge+0.2 Vee-0.2 v
Output voltage swing for
Voo = 2.75V, Vgg =-2.75V R = 2kQ Vge+0.2 Vce-0.2 | Vge+0.2 Vec0.2 Vv
R, =600Q,
VEE+O‘25 Vcc—0.25 VEE+0.25 Vcc-o. 25 \
NOTES:

1. These parameters are measured for Vgg < Vom < Vgg+.5V and for Vgg+1V < Vey < Vee. By design these parameters are intermediate for
common mode ranges between the measured regions.

AC ELECTRICAL CHARACTERISTICS
Ta = +25°C; Voe = 210 5.5V; R = 10k; C|_ = 100pF; unless otherwise stated.

LIMITS
NE5234 SA/SE5234
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
SR |Slewrate Over '”':;g‘ge'a'”’e 5 058 5 08 Vips
. . N Over full temperature
BW Unity gain bandwidth: -3dB range 2 25 4.0 2 25 4.0 MHz
oM Phase Margin Cy = 50pF 55 55 deg
ts 1% settling time Ay =1, 1V step 1.4 14 Hs
Vn Input referred voltage noise Av= 1’1’?&: 00, at 25 25 ,_?z\{fg
THD Total harmonic distortion 10kHz, 1Vp.p, Ay =1 0.1 0.1 %
OUTPUT INVERSION PREVENTION
v v
Vee
V(‘;c /IK Vout —_— I /l\ Vour VCQ
a7k sV
v / o—AM—| /
- VIN +
Vano >t _I__‘VW_ — Vout —» t VGND
— 4%k
= VenD
CONVENTIONAL OP AMP SIGNETICS NE5234
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Using the NE/SA5234 amplifier

Author: L. Hadley

l. SUMMARY

The NE/SA5234 is a unique low-voltage quad
operational amplifier specifically designed to
operate in abroadly diverse environment. It
is an enhanced pin-for-pin replacement for
the LM324 category of devices. Supply
conditions can range from 1.8V to 6.0V with a
resultant current drain of 2.8mA,-700pA per
op amp.

Most notable are the input and output
dynamic range characteristics of the
individual op amps. The common-mode input
voltage can actually exceed the positive and
negative supply rails by 250mV with no
danger of output latching or polarity reversal.
In addition, the output of each op amp will
swing to within 50mV of the supply rails over
the full supply range.

The frequency related characteristics are also
above average for low voltage devices in this
class. Internal unity gain compensation
makes the NE5234 very resistant to any
tendency to oscillate in low closed-loop gain
configurations. Even so, a unity-gain
bandwidth of 2.6MHz is retained. Slew rate
is 0.8V/us and each op amp will settle to a
1% of nominal level within 1.4ps.

Il. DETAILED DESCRIPTION

Input Stage

The input differential amplifier consists of a
compound transistor structure of parallel NPN
and PNP transistors which account for the
unique over-drive characteristics of the
NE5234. Referring to Figure 1, itis seen that
the NPN pair, Q1 and Q2, allow the input to
operate in the common-mode input voltage
range of 1V above Vgg. This region is
designated the N-mode region in Figure 3a.
Operation in the common-mode range below
1V transfers the input stage into the P-mode
of operation.

In the N-mode operating condition, collector
current from Q1 and Q2 is summed in the
output emitter node of Q10 and Q12
respectively. Q1's base is the non-inverting
input and Q2's base the inverting input node
for the amplifier.

Linear operation between the two modes is
governed by a current steering circuit
consisting of Q5,6 and.7 in conjunction with
voltage reference VB1. Operation in the
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Figure 1. NE5234 Input Stage

N-region of the common-mode range will
automatically cause Q5 to transfer the IB1
current source 10 Q7 and the NPN transistor
pair Q1 and Q2. Operation below the 1V
level at the inputs allows the current from IB1
to be fed directly to Q3 and Q4 emitters
giving them priority in processing the signal
and linearizing their transfer function. (The
sum of the NPN and PNP input pair currents
remain constant.)

Operation in the common-mode range near
the positive supply rail would normally cause
the input stage NPN transistor’'s base
collector junction to become forward biased
(base current flow directly to the collector
circuit) reversing the collector current flow
direction. In a conventional op amp, this
would have the adverse effect of reversing
the output signal polarity as the operating
region is traversed by the input signal. (see
Figure 2) '

To prevent this from occurring, large
geometry diode-connected transistors are
cross-connected to the opposite NPN
collector, (Q1, Q2). This current, in turn, is
summed at the emitter of Q12 pulling it above
the V¢ rail voltage and preventing polarity
reversal. The inverse condition occurs when
Q2 is driven above the positive rail, with Q10
emitter being pulled up and signal polarity
preserved. (See Figure 1)

; -

el \j
CONVENTIONAL OP AMP
Vee
47k
ViN
Vour
— a7k
= VGND
VIN
/_\ Vee
— Vout
|; f v
— 1t VGND
SIGNETICS NE5234

Figure 2. Output Inversion Protection
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*N-MODE" "LARGE
CMRR SIGNAL"
VEg+1<VcM<Vcc  CMRR
— — — — "N-MODE" _¥_ _}
VEE <VcM <VEE+0.5V  CMRR_ ¥
p= VEE
+ Vos —
mVv
NES5234 Common-Mode Operating Regions
Figure 3.

For negative going input signals, which drive
the inputs toward the Vgg rail and below,
another set of diode-connected transistors
come into operation. These steer the current
from the input into Q8 or Q9 emitter circuits
again preventing the reversal effect.

Figure 3 shows graphically how the N and P
mode transitions relate to the common-mode
input voltage and the offset voltage Vgs.

Intermediate Amplifier and
Output Stage (Figure 4)

The intermediate stage is isolated from the
input amplifier by emitter followers

to prevent any adverse loading effect. This
stage adds gain to the over all amplifier and
translates levels for the following class-AB
current-control driver. Note that I, is the
inverting input and |y the non-inverting input.
The output is taken from multiple collectors
on the non-inverting side and provides
matching for the following stage.

Class-AB control of the output stage is
achieved by Q61 and Q62 with the
associated output current regulators. These
act to monitor the smallest current of the
non-load supporting output transistor to keep
itin conduction. Thus, neither Q71 or Q81 is
allowed to cutoff but is forced to remain in the
proper Class-AB region.

Overload protection is provided by monitor
circuits consisting of R76-D2 for sinking and
R86-D3 for sourcing condition at the output.
When the output current, source or sink,

reaches 15 milliamperes, drive current to the
stage is shunted away from current sources
1B6 or IB9 reducing base current to driver
transistors Q72 and Q82 respectively.

The prevention of saturation in the output
stage is achieved by saturation detectors
Q78 and Q88. When either Q71 or Q81
approaches saturation, current is shunted
away from the driver transistors, Q72 or Q83
respectively.

ll. CHARACTERISTICS

Internal Frequency
Compensation

. The use of nested Miller capacitors C2
through C8, in the intermediate and output
sections, provides the overall frequency
compensation for the amplifier. The dominant
pole setting capacitor, C2, provides a
constant 6dB/octave roll-off to below the unity
gain frequency of 2.5MHz. Figure 5 shows
the measured frequency response plot for
various values of closed-loop gains.

Vi

YCC

INPUT

W | .
lszlg IBg l8 R joes N
= ) Q82
[} F/fs"“
I \ Q51,52 os
|
|
| —O
| OUTPUT
L4 ce
V.
Rarsha87
D3
| g1
laa % R8s %) R75
| 11 J
INTERMEDIATE STAGE CURRENT CONTROL CLASS AB OUTPUT
Figure 4.
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Referring to the graph in Figure 7a, the
equivalent voltage noise is seen to average
18 nV/YHz. The 95% confidence interval is
determined to be approximately one nV/vYHz.
The majority of the errors which contribute to
this measurement are due to the thermal
noise of the parallel combination of the
feedback resistor network, in addition to the
10Q termination resistor on the non-inverting
input. At 300° Kelvin a 10Q res* “tor
generates 0.4 nV/YHz and the wedback
network's equivalent resistance of 90Q
generates 1.2nV/VHz. Their
order-of-magnitude difference from the main
noise sources allows them to be neglected in
the overall calculation of total stage noise.

Ep, for Rg = 100 -nV/Hz

10Hz 100Hz 1kHz

FREQUENCY

Figure 5. NE5234 Closed Loop Gain vs Fr

10kHz 100kHz 1MHz

10108

A 4

+2.5V0

47k

HP

3585
SPECTRUM
ANALYZER

Figure 6. Test Circuit

IV. NOISE REFERRED TO THE
INPUT

The typical spectral voltage noise referred to
each of the op amps in the NE/SA5234 is
specified to be 25nV/YHz. Current noise is
not specified. In the interest of providing a
balance of information on the device
parameters, a small sample of the standard

NE5234s, were tested for input noise current.

While this data does not represent a
specification, it will give the designer a ball
park figure to work with when beginning a
particular design with the device. For
completeness | have provided the corre-
sponding spectral noise voltage data for the
same sample. The data was taken using an
HP3585A spectrum analyzer which has the
capability of reading noise in nV/YHz.

October 7, 1991

The test circuit is shown in Figure 6. As is
typical for such measurements the amplifier
under test is terminated at its input first with a
very low resistance, for the voltage noise
reading, followed by the same test with a high
value of resistance to register the effect of
current noise. The amplifier is setto a
non-inverting

closed-loop gain of 20dB. Dual supply
operation was chosen to allow direct
termination of the input resistors to ground.

The measurements were made over the
range from 200Hz to 2kHz. Each sample is
measured at 200Hz, 500Hz, 1kHz and 2kHz.
The data is averaged for each frequency and
then the small sample distribution is derived
statistically giving the standard deviation
relative to the mean.
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Figure 7.

Noise current is measured across a 47kQ
resistor and averaged in the same manner.
The thermal noise generated by this large
resistance is not insignificant. Atroom
temperature it is 28nV/YHz and must be
subtracted from the total noise as measured
at the output of the op amp in order to arrive
at the equivalent current generated noise
voltage. Figure 7b shows the derived current
noise distribution for the small sample of 10
NE5234 devices. The result shows that
noise current in the 200Hz to 2kHz frequency
is typically 0.2pA/YHz. The 1/f region was not
determined for either current or voltage noise.
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V. GUIDE LINES FOR MINIMIZING
NOISE

When designing a circuit where noise must
be kept to a minimum, the source resistances
should be kept low to limit thermally
generated degradation in the overall output
response. Orders-of-magnitude should be
kept in mind when evaluating noise
performance of a particular circuit or in
planning a new design. Forinstance, a
transducer with a 10kQ source resistance will
generate 2uV of RMS noise over a 20kHz
bandwidth. Using the graphical data above,
total noise from a gain stage may be
calculated.-

Amplifier Noise Voltage EQ1.
25nV/@- BW = 3.5uVaus
BW = 10kHz
Noise from source 10kQ Resistance-
Noise Voltage from source resistance EQ 2.
14nV/VHz - BW = 20uVrus
Current generated noise
0.2pA/ YHz - 10® - VBW = 0.28uViys

The total noise is the
root-of-the-sum-of-the-squares of the
individual noise voltages-

En = /357 + @0 + (028)?

= 4.04uVrys

EQ3.

EQ4.

To determine the signal-to-noise ratio of the
stage we must first choose a stage gain,
make it 40dB, and a signal voltage magnitude
from the transducer which we will set at
10mVRgys. The resulting signal-to-noise ratio
at the output of this stage is determined by
first multiplying the gain times the signal
which gives 1Vgus with a resultant noise of
400uVgus. The signal-to-noise ratio is
calculated as

E
S/N  20logip (1.0/4x10™%) = 68dB

This is quite adequate for good quality audio
applications.

Next, assume that the bandwidth is cut to
3.0kHz with an input of 1mVgus. The stage
gain is kept at 40dB. The total noise is
calculated below. The RMS noise is modified
by the ratio of the root of the noise channel
bandwidths.

EQS6.

V3x10°

v20x10°

<En = 1.6u4Veys
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Figure 8.

ST1700
DISTORTION
ANALYZER

40dB CIRCUIT
Figure 9.
Amplified Noise = 160uVgus This makes orders-of-magnitude lower noise
EQ7 sources less important than the higher
100x10-3 *  magnitude source. Therefore, when
S/N  20logio Toxio® considering the combined signal-to-noise of
1.6x1 multiple stages of gain, the first stage in a
- 564B chain dominates making its design

A 56dB S/N will provide superior voice
channel communications .

VI. MULTIPLE STAGE
CONSIDERATIONS

Since multiple noise generators are
non-coherent, their total effect is the
root-of-the-sum-of-the-squares of the various
noise generators at a given amplifier input.

89

parameters the most critical. For this reason
itis good practice to make the preamp stage
gain as high as practical to boost signal
levels to the second stage allowing at least
an order-of-magnitude above the
second-stage noise. For instance, a signal
input which exceeds the input noise of the
following stage by a factor of 10:1 will only be
degraded by 0.5% or -46dB, neglecting the
first-stage noise. If we use the preceding
example with a first-stage output signal of



Philips Semiconductors RF Communications

Application note

Using the NE/SA5234 amplifier

AN1651

100mVgys and a 56dB S/N, and an output

Veg =18V -
noise of 0.16mV. Following this with a 10kHz Uﬁﬁy (;AIN G:?ﬁ ;ﬂa
band limited gain-of-10 second-stage, with a 3 2
100k noise source at the non-inverting
input, the combined S/N is calculated as /
follows: (assume a 100Q source resistance
from amplifier #1) /
The Second stage output noise is: / Ry = 10k /
EQ8. j l /
) nr\\
[,/ (0.163x107%)% + (J4KT- 100- 10, ooo)’] -10 0.1 v 1.0 0.1 v 11
= 16mV 8 . a w
= cc =
K = Boltzman'sConstant = Vee =20V Ry = 10k/6000
Joul UNITY GAIN 25
1382108 222 _ 3
DegKelvin ,
T = 300°K ; BW = 10kHz I
The amplified output signal = 1Vrus II Ry = 6000 / /
EQ10. ] [yER™
S/N = 20logso (——l——g) \__//
1.6x10- \ P4 0
= 56dB 0.1 v 11 0.1 b v 11
Note that there is no effect from the b. THD for Vc;c =18V
second-stage thermally generated resistor Voe =3.0V -RL = 10k/600Q
noise due to the dominating effect of the o UNITY GAIN ° /
first-stage amplified noise being much greater N a2 7
than the input noise of the second-stage. In / :
addition the equivalent noise resistance of the I 1 P Ry =600Q / /| R =10ka
second-stage is essentially the output NEs234 //
resistance of the first-stage plus any series ————— ]/
resistance used in coupling the two. This is 0 o v .
the parallel combination of source resistance J / ) 9
with input terminating or biasing resistance. o » c.
01 v 1.1
c..

VIl. LOW HARMONIC Figure 10. Figure 11.

DISTORTION

The NE/SA5234 is extremely well adapted to
reducing harmonic distortion as it relates to
signal level and head room in audio and
instrumentation circuits. Its unique internal
design limits overdrive induced distortion to a
level much below that experienced with other
low voltage devices. As will be shown, the
device is capable of operating over a wide
supply range without causing the typical
clipping distortion prevalent in companion
operational amplifiers of this class.

A series of tests are shown to allow you to
see just how resistant this device is to
generating clipping distortion. Two differ
gain configurations were chosen to
demonstrate this particular feature: unity gain
non-inverting and 40dB non-inverting. The
test set-up was as shown in Figure 9. The
Harmonic Distortion analyzer used to make
the measurements was a Storage

ni
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Technology ST1700. The test frequency is
1kHz. For single supply operation, as
previously covered, the amplifier should be
biased to half the supply voltage to minimize
distortion. Operation with dual supplies is
simpler from a parts count standpoint as
isolation capacitors are not required. Also
the time constants associated with charging
and discharging these is eliminated .

Figure 10a,b and ¢ shows the total harmonic
distortion in percent versus input voltage level
at 1kHz in VRys for a non-inverting, unity gain
NE5234. The load on the amplifier output is
10kQ. Beginning with a supply voltage of
1.8V and an input level of 0.1Vgys, distortion
is well below 0.2% ad remains there up to an
input level just over 0.5Vgys (1.4Vp.p) and
increases to 0.4% for for 0.6Vgys (1.7Vp.p).

For a 2V supply, the input levels increase to
0.65Vgys and 0.7Vgpys, respectively for
similar levels of distortion. With a supply
voltage of 3.0V the input may be increased to
1VRus before THD rises to 0.2% and
1.1Vgus for only 0.8% THD. Operation with
a 600Q load will only raise the THD figures
slightly . By way of comparison, Figure 10c
shows the greatly reduced dynamic range
experienced when an LM324 is plugged into
the test socket in place of the NE5234. Note
that The THD is completely off scale for the
case of 1.8 and 2.0V supply, then is barely
usable for the low level end of the 3.0V
supply example. Figure 11a, b, and ¢ demon-
strates the effect on harmonic distortion when
closed loop gain is increased to 40dB in the
non-inverting mode. Itis evident that little
increase in THD levels result. The graphs for
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the 2.0 and 3.0V supply case also include
additional information on the effect of a 600Q
load on distortion.

Viil. GAIN-BANDWIDTH VS
CLOSED LOOP FREQUENCY
RESPONSE

Figure 5 shows the small signal frequency
response of the NE5234 versus closed-loop
gain in dB. The test circuit is shown in

Figure 6. The plot is taken from measured
data and thus shows how each value of
closed-loop gain coincides with the open-loop
response curve. The NE/SA5234's
open-loop gain response has a uniform
6dB/octave roli-off which continues beyond
2.5MHz. This factor guarantees each op
amp in the IC a high stability in virtually any
gain configuration. In making these
measurements, dual supplies of +2.5V were
used in order to allow a grounded reference
plane and no coupling capacitors which might
cause frequency related errors.

A critical parameter which affects the
reproduction quality of complex waveforms is
the gain-bandwidth-product of the operational
amplifier. Essentially, this is a measure of the
maximum frequency handling characteristics
of any operational amplifier for a given
closed-loop gain. As is evident from the
graph, the NE/SA5234 has a 2.5MHz unity
gain cross-over frequency...much higher than
most other low voltage op amps. For
comparison, the pA741 has a
gain-bandwidth-product of 1MHz, as do the
LM324 and the MC3403.

IX. LOOP-GAIN

The dynamic signal response of any
closed-loop amplifier stage is a function of
the Loop-gain of that particular stage.
Loop-gain is equal to the open-loop gain in
dB, at a given frequency, minus the
closed-loop gain of the stage. The greater
the Loop-gain, the lower the transfer function
error of the device. Essentially, any
parametric error is reduced by the factor of
the Loop-gain. This includes output
resistance and output signal voltage
accuracy. Itis good practice then to
maximize Loop-gain to the degree that stage
gain may be sacrificed for bandwidth. In
some cases it is actually better to use two
stages of gain in order to preserve signal
quality than to use one high gain stage. Of
course, there is a trade-off between the
aforementioned factors that affect the
signal-to-noise ratio of the stage and
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optimizing the Loop-gain. For example, a
voice-band audio stage which requires 3kHz
bandwidth, should be limited to a closed-loop
gain of 40dB for lowest distortion in the
output signal. For higher quality audio
applications requiring a 20kHz bandwidth, the
closed-loop gain must be limited to 20dB.
This results in a Loop-gain of 20dB at the
highest signal frequency.

A second consideration in the list of
frequency dependent parameters is the effect
of amplifier slew rate. Not only is it frequency
dependent but it is also a function of signal
amplitude, as we shall see in the next
section.

AoL”
-6dB/Octave

Loor }|

caN ||

s "u\

Figure 12.

X. SLEW RATE RESPONSE

The slew rate of an operational amplifier
determines how fast it can respond to a
signal, and is measured in
volts-per-microsecond. The NE5234 has a
typical slew rate of 0.8V/ps. Letus see just
what this means in terms of signal handling
capability. If a sinusoidal input signal, Vg, is
used as reference, it is specified by its
frequency and peak amplitude, Vp as follows:

Slew Rate (SR) is the time-rate-of-change of
the signal voltage during any complete cycle,
that is over the range of O to 2. This
amounts to taking the time derivative of the
sine wave which results in multiplying the
cosine by the factor ‘2rf'.

An example of the trade off between signal
amplitude and frequency is shown below for
the NE5234 slew rate of 0.8V/ps. As shown
in Figure 13, the maximum allowable
amplitude signal which can be reproduced is
determined by the slew rate response line
which gives peak output volts versus
frequency in Hertz.

Mathematically, slew rate is determined, by
the equation below, as the derivative of the
sine wave signal. The resultant slew rate
function changes with both frequency and
amplitude.

Slew Rate = Vp (27 f) cos (2 f 1)

Note that maximum slew rate occurs where
the input sine wave signal crosses the values
of 0, , and 2x on the radian axis. To geta
feel for what this means in regards to the
typical low voltage circuit, let us consider a
1VRus sinusoidal input to a unity gain
amplifier. The peak voltage in the above
equation is 1.414V. One can then calculate
the required slew rate to faithfully reproduce
this signal for various signal frequencies. Or
with a given slew rate and a required peak
signal amplitude, the maximum frequency
before slew rate limiting occurs may be
determined. For example using the above
amplitude of 1Vgys, and the slew rate of the
NES5234 which is 800,000V/sec, one
determines that the highest frequency
component which may be reproduced before
slew rate distortion occurs is:

Vs = Vp sin Q£ 6 _EQ.13
2| L
VpK = 1.006V
VpK = 630mV
x
¥ .
(4
[}
g
VpK = 100mV \\
\\\
0.02
2000 2000000
(Hz)
Figure 13. Slew Rate Limiting Amplitude vs Freq y
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Vin INPUT ISOLATION

Figure 14. Single Supply Biasing in Cascade

800,000 V/sec/ 2« 1.414 volts peak =
90,090Hz. A graphical representation of this
relationship is shown in Figure 13. By using
this graph along with the information in the
preceding Figure 10 and Figure 11, which
relate usable signal levels versus power
supply voltage, the dynamic behavior of a
particular design may be predicted. For
instance, given a single supply configuration
operating at 2.0V, Figure 10b shows an upper
limit to input amplitude of 0.7Vgus, or about
1V peak for 1% THD. Using this level with
the data in Figure 13 leads to a figure of
116kHz as an upper frequency limit for a unity
gain amplifier stage operating at 2V DC.

s
dt

= Vp wcos ot EQ 14.

= Slew Rate

XI. PROCEDURES

Single Supply Operation

When the NE/SA5234 is used in an
application where a single supply is
necessary, input common-mode biasing to
half the supply is recommended for best
signal reproduction. Referring to Figure 14, a
simplified inverting amplifier input stage is
shown with the simplest form of resistive
divider biasing. The value of the divider
resistance R is not critical and may be
increased above the 10kQ value shown as
long as the bias current does not interfere
with accuracy due to DC loading error.
However the divider junction must be kept at
alow AC impedance This is the purpose of
bypass capacitor Cg. Its use provides
ransient suppression for signais coming from
the supply bus. A low cost 0.1pF ceramic
disk or chip capacitor is recommended for
suppressing fast transients in the
microsecond and sub-microsecond region.
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Foil capacitors are simply too inductive for
any high frequency bypass application and
should be avoided. If low frequency noise
such as 60Hz or 120Hz ripple is present on
the supply bus, an electrolytic capacitor is
added in parallel as shown. The
common-mode input source resistance, Rg,
should also be matched within a reasonable
tolerance for maximizing the rejection of
induced AC noise.

The output of the first stage is now fixed at
the common mode bias voltage and the
amplified AC signal is referenced to this
constant value. Capacitive coupling to the
inverting input is of course required to prevent
the bias voltage from being multiplied by the
stage gain. Second stage biasing may now
be provided by the output voltage of the first
stage if non-inverting operation is used in the
former. For lowest noise in a high gain input
stage, the magnitude of the input source
resistance is critical; low values of resistance
are preferred over high values to minimize
thermally generated noise.

Non-Inverting Stage Biasing
Non-inverting operation of an amplifier stage
with single supply is similar to the previous
example but the bias resistor Rg must now be
sufficiently high to allow the signal to pass
without significant attenuation. The input
source resistance reflects the output
resistance of the preceding stage or other
sourcing device such as a bridge circuit of
relatively high impedance. A simple rule of
thumb is to make the bias resistor an order of
magnitude larger than the generator
resistance. Again the feed back networl

must be terminated capacitively. In this case
R1 and the generator resistance should be
matched and then Rg is matched to the
feedback resistance ,Rg.
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In all cases proper bypassing of the NE5234
supply leads (Pins 4 and 11) is very important
particularly in a high noise environment.
Bypass capacitors must be of ceramic
construction with the shortest possible leads
to keep inductance low. Chip capacitors are
superior in this respect complimenting the
increased use of surface mounted integrated
devices. Note that both the NE5234D and
the automotive grade SA5234D are available
and are the surface mount versions of th
device. i :

Figure 15. Non-Inverting Biasing

APPLICATIONS EXAMPLES
Instrumentation

Strain Gauge Bridge Amplifier

The circuit below shows a simple strain
gauge circuit with a gain of 100 (40dB) and
operated from a single supply. The chart
illustrates the transfer function of the circuit
for a single order-of-magnitude signal
differential range from the bridge beginning
with 5mV up to 50mV. The circuit is operated
from a single 5V supply, but could equally as
well be configured to use a dual balanced
supply. Itis immediately evident that the
wide common-mode output range of the
NES234 is very advantageous in handling this
wide range of signals with good linearity due
fo this feature.

A variation on this particular idea is the
remote strain gauge circuit operating from a
three wire line, one of which is the shield.
This full-differential input circuit has balanced
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S.G.: Matched Strain Gauge elements

Figure 17. Strain Gauge Amplifier

12kQ
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1.2MQ —

Two-wire, Twisted-pair
Shielded Line

Figure 18. Remote Strain Gauge

4-6V DC

a'%%

—{OH

Figure 19. Solar Regulator
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input resistance to afford good
common-mode noise rejection
characteristics. Resistors are metal film or
deposited carbon. Supply leads must be
carefully bypassed close to the NE/SA5234
with ceramic or chip monolithic capacitors to
give optimum noise performance. As shown,
an auxiliary sub-regulator may be added to
improve the overall DC stability of the bridge
signal voltage. A regulator capable of
providing the necessary few milliamperes at
somewhat reduced voltage for the transducer
is shown in one of the following examples.
This makes use of one of the op amps in the
same device package to provide the voltage
regulation. Note that the use of multiple op
amps within a single package minimizes the
possibility of thermal drift and mismatched
response from various DC parameters.

Multiple sets of transducers may be
constructed from The NE/SA5234 or the
NE5234D surface mount device to form a
compact and stable instrumentation package.
This is useful for transducer applications in

the measurement of pressure, strain, position
and temperature, which have similar circuit
configurations. First order temperature
compensation of the transducers such as
semiconductor strain gauges, or resistive
units may be achieved by using one of the
gauges as a reference device only. Itis
thermally coupled to the same member as
the active gauge, as shown in the example.
(Figure 18)

A 4 to 20mA Current Loop

Some instrumentation installations require the
4-20mA current loop. This addition to the
above bridge transducer circuit examples is
demonstrated in Figure 16.

This circuit makes use of the remote
transducer bridge previously described and
adds current loop signaling capability. The
voltage-to-current converter consists of an
additional op amp from the same NE/SA5234
package combined with a single transistor to
drive the current loop. The sensitivity is
actually in mA/V, or transconductance, which
is equal to 1/Rgy. This sensitivity in this
particular example is set to 4mA/V. Thus,
with a bridge amplifier having a differential
gain of 100, an input of 10mV will produce a
4mA output current and 50mV will produce a
20mA output. Of course the line resistance
plus receiver resistance must be within the
voltage compliance range of the supply
voltage to guarantee linear operation over the
total range. A negative supply may be used if
itis preferred to have the current loop
referenced to ground.
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Closely related to DC and low frequency AC
linear transducers are DC regulators and
servo circuits. The proliferation of many "
battery, and solar powered remote
instrumentation packages results in'a need
for adaptable circuits which may readily be
made up from existing stock IC’s. The
examples given here are quite simple, but
can be very useful to the designer when
economy and size are at a premium.

Regulator for 3-Vi M
Working with small instrumentation packages
which are to operate from solar photovoltaic
cells may bring a need for simple
sub-regulators for MOS circuits requiring only
a few milliamperes of drain current.

Figure 19 shows a simple low voltage
regulator making use of the particularly
excellent DC characteristics of the

NE/SA5234. The regulator becomes an
integral part of any functional analog signal
processing package such as an
environmental data instrumentation unit. The
low current drain of the the typical 3V or 5V
MOS digital IC allows one sub regulator to
serve up to 10 or more such devices. If the
instrument package is to be subjected to wide
temperature variations, the SA5234 is
recommended. A second op amp in the
package may serve as a low battery alarm
with tone modulator as in radio links, or
simple logic level comparator. Overcurrent
protection is easily added within the regulator
loop to detect short circuit failures and
automatically limit the current.

N -
Servo control systems for low voltage motor
drives require high gain-accuracy and good

DC stability for many applications.
Applications such as the position control of
air flow vanes, servo valves, and optical
lenses or apertures, are typical examples.
Figure 20 demonstrates one simple DC motor
servo application with position control
feedback. The motor is a 3V permanent
magnet rotor type used in micro-position
applications and is adaptable to battery
supply environments.

Position information is received from a
multi-turn potentiometer to give adequate
resolution. The input voltage may be
generated from another potentiometer which
is remote from the motor drive unit proper, or
from a D/A converter output for micro
processor controlled systems. The input
voltage range is 1.0 to 3.0V and the supply
voltage is 4.5V.

Vee

VR1-3=14V

P4

<l

Figure 20. Full Bridge Motor Drive
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ive fil
The NE5234 is easily adapted to use in a
variety of active filter applications. Its high
open-loop gain and excellent unity gain
stability make it ideal for high-pass,
band-pass and low-pass configurations
operated with low voltage single supplies. Its
low output impedance also makes it capable
of obtaining low noise operation without
resorting to separate high current buffers.

Figure 21a shows the circuit for a VCVS
low-pass filter with dual supply biasing and
600Q output termination. Figure Figure 21b
is a band-pass filter with AC coupled gain
network for single supply operation.

Communications and Audio

Stereo Bridge Amplifier

Figure 22 shows two NE5234 ICs in a bridge
amplifier application. The choice of split
supplies allows DC coupling, both from the
input signal source and to the load. The gain
is set to a nominal 20dB. Either inverting or
non-inverting operation is available. The
inverting input impedance is chosen as 600Q
in order to match standard audio impedance
lines within a system. The use of two such
amplifiers will provide stereo operation to
+10dBm for a 600Q load.

Voice Operated Microphone

The processing of voice transmissions for
communications channels is generally
coupled with the need for keeping the
signal-to-noise ratio high and the intelligibility
optimized for a given channel bandwidth. In
addition, when a circuit is battery operated
and portable, the requirement to obtain
maximum battery life becomes important.
The circuit example shown here is aimed at
filing the need for a portable voice operated
transmitter, cordless phone, or tape recorder.
It utilizes the Signetics NE5234 quad op amp
in conjunction with the new low-voltage
NES578 compandor to create an audio
processor capable of operating in just such
an environment. Both devices are
operational to a low battery voitage of 2.0V.
In addition the design further conserves
current by automatically shifting the NE578
compandor to standby during the period
when no transmissions are being made.
Total current consumption at 3.0V is 2.8mA
for the NE5234. In the active mode the
NES78 draws 1.4mA and this drops to 170pA
in the standby mode. This amounts to
reducing the supply current demand by
approximately 25% in the ‘listen mode’.
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Figure 21.

Figure 23 shows the VOX audio circuit
example. A description of its operation for
voice activated transmission follows.

Audio generated by the electret microphone
is fed into the non-inverting input of preamp
A1 and the signal amplified by 12dB. The
biasing is accomplished by the resistive
divider which provides a level of half the
supply voltage which is connected through a
100k resistor to the non-inverting terminal of
A1. This automatically provides ratiometric
common mode biasing set at Vgg/2 for the
device. This level is then transferred directly

to the following amplifier, A2, setting its DC
operating point. The DC gain of both stage
A1 and A2 are unity so the cumulative DC
error is not multiplied by stage gain. The
peak voice level is approximately 100mVgys
at the input to A1 from the microphone and
this is boosted to 400mVgys. The feedback
network gain has a low frequency corner at
160Hz and is flat up to the intersection of the
closed loop gain with the open loop gain
curve at nearly 500kHz. This would increase
the noise bandwidth to an excessive degree
unnecessary for voice channel
communication. A band limiting network is,
therefore, inserted across the feedback
resistor to limit response to a nominal 5kHz.

Amplifier stage A2 is used to provide high
level audio to the rectifier-filter stage for the
rapid generation of a DC control signal for
operating the voice activated switch function.
Stage A2 gain is set to 20dB in order to allow
activation of the voice channel on the rising
edge of the first voice syllable. An attack
time of 20ms is implemented by adjusting the
input charging impedance (Rs) between the
rectifier and the A2 amplifier output. AC
coupling must be used to isolate the DC
common-mode voltage of the amplifier from
the rectifier/storage capacitor and to allow
only audio frequencies to drive the switching
circuit. Amplifier A3 provides a high imped-
ance unity gain buffer to allow a very slow
decay rate to be applied to the time constant
capacitor, Ct. The output of the storage ca-
pacitor reaches approximately 3.2V fora
250ms duration 600Hz burst signal. Diode
D1 (1N914) provides a negative clamp action

AUDIOIN
LEFT

10kQ

LEFT CHANNEL
out
o
|0
AUDIOIN BRIDGE AMP 42 RIGHT CHANNEL
RIGHTO——— NES234
: o0

Figure 22. Stereo Bridge Amp
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which forces the full peak-to-peak voltage
from A2 to charge the storage capacitor. D2
then acts to charge the capacitor to the peak
input voltage minus one diode drop, 0.7V.
Finally, the buffered DC control signal is fed
to A4 which acts as a threshold comparator
with extremely high gain and controlled
hysteresis. This provides a positive going
signal for releasing the NE578 from its inhibit
mode when voice input is present. The
NE578 is switched from standby mode when-
voice input is present. The NE578 is

, switched from standby mode to the active
state by raising the voltage on Pin 8 of the

" device above 2V. Shutting the audio channel
off requires this pin to be driven below
100mV. This demands the extremely wide
output voltage swing of the NE5234 in order
to reach this near to the negative rail voltage.
The voltage threshold of the comparator, A4,

_is adjustable by use of the sensitivity control,
Rs. Itis used to allow the activation level to
be raised or lowered depending upon the

ambient audic leve! in the transimitier vicinity.

Other critical parameters.in this type of circuit
are the attack and decay times of the RC
network which controls the operation of the
voice operated switch. Attack time
determines how quickly the circuit activates
after a quiet period, and the decay time sets

October 7, 1991

how long the transmitter channel stays active
between words. Itis important to reach an
optimum balance between the two time
constants in order to allow unbroken
transmissions of good quality and no lost
syllables. A 100 to 1 attack/decay ratio is
used in this particular application and this is
primarily set by the value of Ry and Rp. A
typical delay of two seconds is easily
accomplished. Due to extremely high input
impedance of the buffer stage A3, Rp may be
in the 1 to 2MQ range allowing a reasonable
value of storage capacitor to be used.

The Audio Channel

Audio input from the preamplifier, A1, is fed
directly to Pin 14 of the NE578 compandor.
Referring to Figure 24, which shows the
internal diagram of the device, it can be seen
that this is the compressor portion of the
NE578. There is the option in this system to
operate either in a 2:1 compressor mode or
an automatic level control mode, (ALC). The
compressor mode simply inakes a 2:1
reduction in the amplitude dynamic range of
the input signal and brings it up to the chosen
nominal 0dB output level which is
programmable from 10mVgys to 1Vpys. In
this particular example it'is programmed for a
0dB level of 0.42Vgys which is approximately
1Vp.p. This allows for a standardized output
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level with good characteristics for FM
modulation where peak deviation must be
controlied. Figure 25 shows the input-output
characteristics of the compressor and ALC.
The compressor also has an attack time
determined by capacitor C6 on Pin 11.
Attack time is 10k * C6, decay time equals
four times this value. An auxiliary amplifier
stage is used following the NE578 in order to
allow bandwidth and special forms of
equalization to be implemented. Note that
2:1 compression in a transmission will
enhance the channel dynamic range and may
be used with no further processing at the
receiver, but feeding the received signal
through the complimentary 2:1 expandor will
achieve even greater enhancement of the
recovered audio. The NE578 contains both
operations in the same package. Please
refer to Signetics applications note AN1762
by Alvin K. Wong for complete information on
these compandor circuits using the NE578.

Fiber Optic Receiver for Low
FErequency Data (Figure 26) -

This application makes use of the
NE/SA5234 to detect photo-optic signals from
either fiber or air transmitted IR (Infra-red)
pulses. The signal is digitally encoded for the
highest signal-to-noise ratio. The received
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signal is sensed by an IR photo diode which
has its cathode biased to half the supply
voltage (2.5V). The first gain stage is
configured as a transimpedance amplifier to
allow conversion from the microampere diode
current signals to a voltage output of
approximately 10mVg.p. The second stage
provides a gain-of-ten amplifier to raise this
signal level to 1V peak amplitude. This stage
is directly coupled from the preamplifier stage
in order to provide the necessary
common-mode voltage of 2.5V. Its gain
control network is capacitively coupled to
prevent DC gain as is required in single
supply configurations. Since this is
essentially a pulse gain stage, low frequency
gain below the signal repetition rate is not
needed. The third stage acts in a limiting
amplifier configuration and its output is
squared to swing approximately 5V, the
standard TTL level. Again common-mode

biasing is passed along from each of the
stages up to the last in order minimize parts
and simplify circuit layout. The final stage is

a simple buffer amplifier to allow the receiver .

to drive a low impedance long wire line of
600Q to 900Q resistance. Some rise time
response adjustment may be required._ This
is easily achieved following stage three by.
using Ry-Cr to limit the rate of change of the
signal voltage prior to the buffer. Not