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Ordering Information

LINEAR PRODUCTS PART NUMBERING SYSTEM

Example: NE XXXX N
Package Description:
A = Plastic Leaded Chip Carriers (PLCC)
D = Plastic SO
F = Ceramic Dual In-Line
G = Hermetic Chip Carriers — Leadless
H = Headers
N = Plastic Dual In-Line
P = Pin Grid Array — Hermetic
W = Hermetic Cerpac
Y = Ceramic Square Quad Flat Pack
Device Number
Device Family and Temperature Range Prefix
AU = -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 A XXXX P N
J S Package Description:

Device Family N = Plastfc Dual In-Line
HEx = CMOS Gircuit D = PlasticSO .
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 Circuit P = Plastic Dual In-Line
TEx = Linear Circuit T = Plastic SO
TSx = Analog Circuit D = Hermetic Cerdip
UMx = Digital Circuit Device Number

Operating Temperatures:

A = Temperature range not specified (see data sheet)

B = 0to+70°C

C = -55°Cto +125°C

D = -25°C to +70°C

E = -25°Cto +85°C

F = -40°C to +85°C
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RF AMPLIFIER FAMILY OVERVIEW

NE5200 NE5204 NE5205 NE5209 NE5219
4-39V 5-8Vv 5-8vV 45-7.0V 45-7.0V
lee 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 75 Q 4.8dB 75 Q
(B Cqnpression -6dBm +4dBm +4dBm -3dBm -3dBm
oorder 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*
SO8 DIP8 DIP8 DIP16 DIP16
Package S08 08 016 016
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 [ .Excellent Linearity | +Excellent Linearity
+Low current
consumption

*Single in / Differential out

SUOHPIIUNWIWOD 4y
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Product specification

RF dual gain-stage NE/SA5200

DESCRIPTION FEATURES PIN CONFIGURATION
The NE/SA5200 is a dual amplifier with DC to e pyal amplifiers
1200MHz response. Low noise (NF = 3.6dB) P ] D Package
makes this part ideal for RF front-ends, anda  ® DC - 1200MHz operation
simple power-down mode saves current for ° " vee ouT
battery operated equipment. Inputs and :zwlz:rg“(ff ?";3)""9"% (4.2mA per '] 1
outputs are matched to 50€. P cc = ouT, [ 2] 7] anDy
The enable pin allows the designer the ability ¢ Power-Down Mode (loc = 95uA typical) GND [ 3 | 6 |,
to turn the amplifiers on or off, allowing the @ 3.6dB noise figure at S00MHz Ny [ 4] 5] EnaBLE
part to act as an amplifier as well as an .
attenuator. This is very useful for front-end © Unconditionally stable
buffering in receiver applications. © Fully ESD protected

® Low cost APPLICATIONS

® Supply voltage 4-9V ® Celiular radios

® Gain Spy = 7dB at f = 1GHz

® Input and output match Sy, Sx, typically
<-14dB

® RF IF strips

® Portable equipment

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO (Surface-mount) 0-70°C NES5200D
8-Pin Plastic SO (Surface—-mount) —40-+85°C SA5200D
BLOCK DIAGRAM
Np GND, oUT, cc
4 3 2 1
ANP1
5 3 7 8
ENABLE INg GND, ouTy
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Veo Supply voltage? -0.5t0 +9 \

Po Power dissipation, T = 25°C (still air)?

8-Pin Plastic SO 780 mw
Timax | Maximum operating junction temperature 150 °C
Pmax Maximum power input/output +20 dBm
Tsta Storage temperature range -85 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, 8 5:
8-Pin SO: 6,4 = 158°C/W

October 10, 1991
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RF dual gain-stage NE/SA5200
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER RATING UNITS
Vee Supply voltage 4.0t09.0 \
Operating ambient temperature range
NE Grade 0to +70 °C
Ta SA Grade -40 to +85 °C
Operating junction temperature
E Grade 0 to +90 °C
T, SA Grade -40 to +105 °C
DC ELECTRICAL CHARACTERISTICS Ve = +5V, Ta = 25°C; unless otherwise stated.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
MIN TYP MAX
Vee Supply voltage 4 5.0 9.0 \
Vee = 5V, ENABLE = High 6.4 8.4 10.4 mA
lec Total supply current Ve = 5V, ENABLE = Low 95 255 RA
Vee = 9V, ENABLE = High 17.8 22.2 mA
Vee = 9V, ENABLE = Low 320 960 pA
Vy TTL/CMOS logic threshold voltage’ 1.25 v
Vi Logic 1 level Power-up mode 2.0 Vee \
Vi Logic 0 level Power-down mode -0.3 08 \
' Enable input current Enable = 0.4V -1 0 1 pA
m Enable input current Enable = 2.4V -1 0 1 HA
Vipc,opc | Input and output DC levels 0.6 0.83 1.0 \
NOTE:

1. The ENABLE input must be connected to a valid logic level for proper operation of the NE/SA5200.

AC ELECTRICAL CHARACTERISTICS? V¢ = +5V, Ty = 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 5.2 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 3.6 dB
1P Input second-order intercept point f = 900MHz +4.3 dBm
IP3 Input third-order intercept point f = 900MHz =18 dBm
ISOL | Amplifier-to-amplifier isolation? f = 900MHz -25 dB
Pout | 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 4
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RF dual gain-stage NE/SA5200
APPLICATIONS shows the printed circuit board layout and the  900MHz. At 100MHz the gain will be 22dB

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
(S0O8) 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 output impedance
matching to 50Q.

A simplified equivalent schematic is shown in
Figure 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 Ve = 5V). In the
disable mode the device consumes about
90uA 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 Figure 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. Figure 2

October 10, 1991

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.

Figure 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
Figure 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

and a noise figure of about 5.5dB. 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. Figure 5 shows
a 60dB gain IF strip at 180MHz. The noise
figure for the cascaded ampilifier 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/SAS5200 IP3 increases to nearly +20dBm.



Signetics RF Communications Product specification

RF dual gain-stage NE/SA5200
PIN 1 T Vee
PINS BIAS GND1
ENABLE GENERATOR
PIN8
ouT1
PING PIN4
IN1 IN2
PIN7
—  GND!
Figure 1. Simplified Equivalent Schematic of NE/SA5200
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Figure 28. Switching Speed; f;y = 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/SA5204 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/SA5204
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/SA5204 is a relaxed version of the
NE5205. 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/SA5204
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
entire DC to 350MHz operating range.

NE/SA5204 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 part is well matched 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 broadband LANs and telecom
systems. A gain greater than 20dB can be
achieved by cascading additional
NE/SA5204s in series as required, without
any degradation in amplifier stability.

FEATURES

® Bandwidth (min.)
200 MHz, +0.5dB
350 MHz, -3dB

® 20dB insertion gain

© 4.8dB (6dB) noise figure ZO=75Q
(Z0=50Q)

@ No external components required

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

® Surface-mount package available

PIN CONFIGURATION

N, D Packages

NS
20dB

Vee [0
v 2]
GND [3]
GND [4]

5] vec
E vOll'V

6| GND

5] GND

TOP VIEW

® Cascadable
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
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
. " 0 to +70°C NE5S204N
8-Pin Plastic DIP 4010 +85°C SA5204N
. . 0 to +70°C NE5204D
8-Pin Plastic SO package _40 to +85°C SA5204D
November 3, 1987 15

APPLICATIONS
® Antenna amplifiers

©® Amplified splitters

® Signal generators
® Frequency counters
® Oscilloscopes

® Signal analyzers

® Broadband LANs

® Networks

©® Modems

® Mobile radio

® Security systems

® Telecommunications

853-1191 91260
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ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 \
VN AC input voltage 5 Vp_p
Ta Operating ambient temperature range
NE grade 0to +70 °C
SA grade —40 to +85 °C
P Maximum power dissipation'-2
DMAX Ta=25°C(still-air)
N package 1160 mW
D package 780 mW
Ty Junction temperature 150 °C
Tsta Storage temperature range -55 to +150 °C
Lead temperature o
Tsowo (soldering 60s) 800 ¢
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
Vch
S Ry \l g R2 Ro
9,4 W © vour
Qs
Q2
VN O——— [
IN —K 1 Qg S Ry
RF1
L
, $ ez
j RE1 \
— Ijk, Qs
RF2
AN
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DC ELECTRICAL CHARACTERISTICS
Vee=6V, Zg=Z =Zp=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 "
lec Supply current Over temperature 19 24 31 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
;':gr‘i"e;)'td(iﬂt':ﬁ:)m°d“'a"°” £=100MHz 7 dBm
Second order intermoduiaton f=100MHz oy g8
tR Rise time 5 ps
Propagation delay 5 ps
Zi : |
iz = e 20-500
g : — Tp=25°C - j 8 Vee=8v L_ Ta=25°C
Ea P N Rt N ,
> u E vee=5v |\ r—
g = - g s
? 20 Z !
18
* 5 55 3 6.5 7 7.5 8 5 I2 I . J; la | 2 2 + 6 8.3
SUPPLY VOLTAGE—V 10 FREOITIENCV—-MH: 10
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 _

Vi (Rr1+ Reny [/ Rer

(1

which is series-shunt feedback. There is also
shunt-series feedback due to R, and Rea
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 Rgz is
maximized.

The noise figure is given by the following
equation:

KT
[rb+ Rey +_2'4’c1

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

where Ig1=5.5mA, Rg1=12Q, r,=130Q,

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

Vin=Vee1+(lc1+lca) Rex(3)

where Rg1=12Q, Vge=0.8V, Ig1=5mA and
lca=7mA (currents rated at Voc=6V).

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

Level shifting is achieved by emitter-follower
Q3 and diode Qq, which provide shunt
feedback to the emitter of Qq 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 Rg1=140Q is chosen to
give the desired nominal gain. The DC output
voltage Voyr can be determined by:

Vout=Veclca+lce)R2,(4)

where Vgc=6V, Ry=225Q, Ico=7mA and
|ce=5lTlA.

From here, it can be seen that the output
voltage is approximately 3.3V 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 input stage (Q4) to a more desirable
value, and also increases the feedback loop
gain. Resistor Rq 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 current is 25mA (30mA max).
For operation at supply voltages other than
6V, see Figure 1 for lcc versus Vg 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.
KT/q=26mV at 25°C and Ry=50 for a 50Q The output stage is a Darlington pair (Qg and g P
system and 75 for a 75Q system. Qo) which increases the DC bias voltage on
Vee
[+
P
%I o e 3R L2
os‘\," WMo vour
10 3nH
o
L Q2
$rs
< 140

12

RF2

VWA

200

Figure 15. Schematic Diagram

RE2
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PC BOARD MOUNTING

In order to realize satisfactory mounting of
the NE5204 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¢ 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 Vcc=6V, the
input is approximately at 1V while the output
is at 3.3V. 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 NE5204
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

e vour

vin o—1

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.

su Y A

S22

S12

a. Two-Port Network Defined

S11— INPUT RETURN LOSS

S12 — REVERSE TRANSMISSION LOSS
OSOLATION

821 — FORWARD TRANSMISSION LOSS
* ORINSERTION GAIN

S22— OUTPUT RETURN LOSS

Figure 17.

POWER REFLECTED
FROM INPUT PORT

POWER AVAILABLE FROM
GENERATOR AT INPUT PORT

S11=

REVERSE TRANSDUCER

S12= POWER GAIN

Say = \[ TRANSDUCER POWER GAIN

POWER REFLECTED
FROM OUTPUT PORT

POWER AVAILABLE FROM
GENERATOR AT OUTPUT PORT
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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/SE5205 to other high-frequency
amplifiers.

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

Zp=Zin=ZourT for the NE/SA/SE5205
NE5204

o— —0

Vou
Pour +
Lo

Pin + Zo

p4)

o—]

Zp

Your?
2p

Vour _
P
2p

7

. Pour _
C P

= P,
Pi=V, 2

P\=Insertion Power Gain

Vi=Insertion Voltage Gain

Measured value for the
NE/SA/SE5205 = |Sy | 2= 100

_ Pour

Pin

Vour _
Vi

P/

=1 S0 ]2 =100

andV, =

VP = Sy =10

In decibels:

Pl(dB) =10 LOg | 821 | 2-20dB

VI(dB) =20 Log 321 =20dB

= Pyag) = Vi(dg) = S21(0s) = 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
$11dB=20 Log | S11 |

OUTPUT RETURN LOSS=S,,dB
S;2dB=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 amplifier'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+IMRs
IP3=Pour+MRy/2

where Poyr is the power level in dBm of each
of a pair of equal level fundamental output
signals, 1P 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. It is therefore
important to measure |P, and |P3 at output
levels well below 1dB compression. One

20 T T 20 T T
19 ——t 19 —r
18— Tp=25C 18— 1".,.,5 -
g17___ Vec=6V g 17— Vge=6V J
g1 215 f
§ 15 515
Z1af - ; a 214
13 Zo=7 13} z0=750
1.2 ! 4 1.2 n 7
C 2o= 500 \J '+ E z0=500
1.1 + 11f Z0= ;
10 ! 10 ! L
w! 2 4 6832 2 4 6843 o 2 4 68,2 2 4 6843
FREQUENCY—MHz FREQUENCY—MHz
a. Input VSWR vs Frequency b. Output VSWR vs Frequency
Figure 19. Input/Output VSWR vs Frequency
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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/SE5205 we have THIRD ORDER
chosen an output level of —10.5dBm with | INTERCEPT POINT =
fundamental frequencies of 100.000 and Yo ! i
100.01MHz, respectively. *5COL | COMPRESSION POINT /]

Y
ADDITIONAL READING ON Fu.LAuENIm ~\L A
SCATTERING PARAMETERS - RESPONSE  J v
For more information regarding \/ ' /
S-parameters, please refer to .10 e
High-Frequency Amplifiers by Ralph S. /
Carson of the University of Missouri, Rolla, ~7 ﬁ‘gggggg ]
Copyright 1985; published by John Wiley & | |
Sons, Inc. / M 3RD ORDER

Y Al —]
“S-Parameter Techniques for Faster, More / flESPONSE
Accurate Network Design”, HP App Note 95-1, / /
Richard W. Anderson, 1967, HP Journal. -
60 50 40 30 20 -0 O 410 420 430 440
“S-Parameter Design”, HP App Note 154, INPUT LEVEL dBm
1972.

+
8

2ND ORDER
<7~ INTERCEPT _|
POINT

+
8

+
a
o

OUTPUT LEVEL
dBm

A~

Figure 20.
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DESCRIPTION

The NE/SA/SE5205 is a high-frequency
amplifier with a fixed insertion gain of 20dB.
The gain is flat to £0.5dB 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/SE5205
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/SE5205
solves these problems by incorporating a
wide-band 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 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. A TO-46 metal can is also available
that has a case connection for RF grounding
which increases the -3dB frequency to
600MHz. The Cerdip package is hermetically
sealed, and can operate over the full -55°C to
+125°C range.

No external components are needed other
than AC coupling capacitors because the
NE/SA/SES5205 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. Itis 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/SE5205s in series as required,
without any degradation in amplifier stability.

FEATURES
©® 5600MHz bandwidth

® 20dB insertion gain

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

® No external components required

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

® Surface mount package available

® MIL-STD processing available

PIN CONFIGURATIONS

N, FE, D Packages
S ]
Vee E
048
Vi [2] 3
GND [3]
GND [4]

8] Veo
7] Vour
[6] aND
5] GND

TOP VIEW

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE

8-Pin Plastic SO 0to +70°C NES5205D
8-Pin Cerdip 0to +70°C NE5205FE
8-Pin Plastic DIP 0to +70°C NE5205N
8-Pin Plastic SO -40 to +85°C SA5205D
8-Pin Plastic DIP -40 to +85°C SA5205N
8-Pin Cerdip -40 to +85°C SA5205FE
8-Pin Cerdip -65 to +125°C SE5205FE
8-Pin Plastic DIP -65 to +125°C SE5205N
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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

853-0058 91249
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EQUIVALENT SCHEMATIC
Vee
b
| ]
b3 R :: R2
m‘\lxl WA o Voutr

'\ﬁ «
<
s
VIN o—n——9 a1 [ She2
< >
RF1
RE1
Qs
- RF2

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 v
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 -565 to +125 °C
Pomax Maximum power dissipation,
Ta=25°C (still-air)'- 2
FE package 780 mwW
N package 1160 mW
D package 780 mW
NOTES:
1. Derate above 25°C, at the following rates:
FE package at 6.2mW/°C
N package at 9.3mW/°C
D package at 6.2mW/°C

2. See “Power Dissipation Considerations” section.
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DC ELECTRICAL CHARACTERISTICS
Vec=6V, Zs=2Z =Z2o=50Q and Ta=25°C in all packages, unless otherwise specified.
SYMBOL PARAMETER TEST CONDITIONS SE5205 NE/SA5205 UNIT
Min Typ Max | Min | Typ | Max
Operating supply voltage range Over temperature 5 6.5 5 8 v
5 6.5 5 8 \"
lee Supply current Over temperature 20 24 30 20 24 30 mA
19 31 19 31 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, FE 25 25 dB
DC - fyax D, N, FE 12 12 dB
S Input return loss f=100MHz EC package 24 dB
DC - fyax EC 10 dB
S22 Output return loss f=100MHz D, N, FE 27 27 dB
DC - fuax 12 12 dB
S22 Output return loss f=100MHz EC package 26 dB
DC - fyax 10 dB
S12 Isolation f=100MHz -25 -25 dB
DC - fmax -18 -18 dB
tR Rise time 5 5 ps
Propagation delay 5 5 ps
BW Bandwidth +0.5dB D, N 450 MHz
fmax Bandwidth +0.5dB EC 500 MHz
fmax Bandwidth +0.5dB FE 300 300 MHz
fmax Bandwidth -3dBD, N 550 MHz
fmax Bandwidth -3dB EC 600 MHz
fmax Bandwidth -3dB FE 400 400 MHz
Noise figure (75Q) f=100MHz 4.8 48 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
;hgfo':;ff;m:’)"w”'a"m f=100MHz 17 w7 dBm
if;l‘:&fj;ﬂ:f’mw”'a"m £=100MHz +24 +24 dBm
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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:

_ (Ffm + RE1)
N Rer

Vour

(1)
Vin

November 3, 1987

which is series-shunt feedback. There is also
shunt-series feedback due to Rep and Rez
which aids in producing wideband terminal
impedances without the need for low value
input shunting resistors that would degrade
the noise figure. For optimum noise
performance, Rgq and the base resistance of
Qq are kept as low as possible while Re3 is
maximized.

The noise figure is given by the following
equation:

NF =
ry + REI +
Ro

_KT_
10log |1 + et @
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where Ig1=5.5mA, Rg1=12Q, ry=1309,
KT/q=26mV at 25°C and Ry=50 for a 50Q
system and 75 for a 75Q system.

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

Vin=Vee1+(lc1+lca) Ret
where Rg1=12Q, Vge=0.8V, Ic1=5mA and
lca=7mA (currents rated at Voc=6V).

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

Level shifting is achieved by emitter-follower
Qg3 and diode Q4 which provide shunt
feedback to the emitter of Qq via Rg4. The
use of an emitter-follower buffer in this

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 Vour can be determined by:

Vour=Vee-(lca+lce)R2,(4)

where Vgc=6V, Ry=225Q, Igo=7mA and
lcg=5mA.

From here it can be seen that the output
voltage is approximately 3.3V 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 Qy. The dual feedback loops
stabilize the DC operating point of the
amplifier.

The output stage is a Darlington pair (Qg and
Qo) which increases the DC bias voltage on
the input stage (Q) 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 atinput
and output by partially resonating with 0.5pF
of pad and package capacitance.

Vee
C
>
3 n = IR L2 Vou
wt- -
10 3nH
+ oo
Q2
$re
140
RE2
12
as
RF2
200

Flgure 15. Schematic Diagram

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 (30mA Max).
For operation at supply voltages other than
6V, see Figure 1 for Icc versus Vg 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.
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The recommended operating temperature
ranges are air-mount specifications. Better
heat sinking benefits can be realized by
mounting the D and EC package body
against the PC board plane.

PC BOARD MOUNTING

In order to realize satisfactory mounting of
the NE5205 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

30

package). In addition, if the EC package is
used, the case should be soldered to the
ground plane. The power supply should be
decoupled with a capacitor as close to the
Vce 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
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part to the cable connection. Another
important consideration is that the input and
output should be AC coupled. This is
because at V¢c=6V, the input is
approximately at 1V while the output is at
3.3V. 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
NE/SA/SE5205 are listed as S-parameters.
S-p s are its 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-p t its 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/SE5205 to other high-frequency
amplifiers.

Vee

RF CHOKE

DECOUPLING
I CAPACITOR

vin —1 o vour
AC AC
COUPLING COUPLING
CAPACITOR CAPACITOR

Figure 30. Circuit Schematic for
Coupling and Power Supply
Decoupling

S11 .

Figure 17a. Two-Port Network Defined

S11 — INPUT RETURN LOSS

S12 — REVERSE TRANSMISSION LOSS

OSOLATION

S21 — FORWARD TRANSMISSION LOSS

OR INSERTION GAIN

S22— OUTPUT RETURN LOSS

Figure 17b.

POWER REFLECTED
FROM INPUT PORT

POWER AVAILABLE FROM
GENERATOR AT INPUT PORT

Sy =

A/ REVERSE TRANSDUCER
S12= POWER GAIN

Spq = \[ TRANSDUCER POWER GAIN

POWER REFLECTED
FROM OUTPUT PORT

S2= | L CWER AVALABLE FrOM
GENERATOR AT OUTPUT PORT
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50Q System 75Q System
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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=Zin=Zour for the NE/SA/SE5205

NE/SA/
ropour +
—o

SE5205
Zp

ol
Vin?

p Vour
(R 5

Z

vour
CPour | %

" P Vii®
Zp

Vour _
Vi

]

P=V, 2
P\=Insertion Power Gain
Vi=Insertion Voltage Gain

Measured value for the
NE/SA/SE5205 = [Sp¢ | 2= 100

- p, = Pour
=~ P = P

Vour
Vin

=182 =100

=P = S

andV; =

10

In decibels:

P](dg) =10 Log | So | 2-20dB
VI(dB) =20 Log Sjy = 20dB

+. Pyagy = Vidm) = 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

S41dB=20 LOg | S" |
OUTPUT RETURN LOSS=S,,dB

S22dB=20 Log | Sz, |

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 amplifier'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 exhibita 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=Pout+MR,
IP3=Pout+MRy/2

where Poyr 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;3 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/SE5205 we have
chosen an output level of -10.5dBm with
fundamental frequencies of 100.000 and
100.01MHz, respectively.

20 T T 20 T -
19 1 1 19 ] i :L
I = 250 T
18 ‘TIA- 3563 181" Tamb=25°C
1.7 — VcC= e 17 Vce =6V 1
£ 16 R a
>
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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
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.
+30 T
THIRD ORDER A 2ND ORDER
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o | I - POINT
1dB
o COMPRESSION POINT 7
i
a2 \ 4
& o FUNDAMENTAL >
g - RESPONSE  J e
> \
E® / /
3 4 /
/ < 2ND ORDER
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DESCRIPTION

The NE5209 represents a breakthrough in
monolithic amplifier design featuring several
innovations. This unique design has
combined the advantages of a high speed
bipolar process with the proven Gilbert
architecture.

The NE5209 is a linear broadband RF
amplifier whose gain is controlled by a single
DC voltage. The amplifier runs off a single 5
volt supply and consumes only 40mA. The
amplifier has high impedance (1kW)
differential inputs. The output is 5S0W
differential. Therefore, the 5209 can
simultaneously perform AGC, impedance
transformation, and the balun functions.

The dynamic range is excellent over a wide
range of gain setting. Furthermore, the noise
performance degrades at a comparatively
slow rate as the gain is reduced. This is an
important feature when building linear AGC
systems.

FEATURES

e Gain to 1.5GHz

* 850MHz bandwidth

« High impedance differential input

« 50W differential output

« Single 5V power supply

e 0 -1V gain control pin

* >60dB gain control range at 200MHz
o 26dB maximum gain differential

o Exceptional VcontroL / Vaai linearity
« 7dB noise figure minimum

o Full ESD protection

o Easily cascadable

APPLICATIONS

Linear AGC systems

Very linear AM modulator

RF balun

Cable TV multi-purpose amplifier
Fiber optic AGC

RADAR

User programmable fixed gain block
o Video

Satellite receivers

Cellular communications

3

Product specification

NE/SA5209

PIN CONFIGURATION

N, D PACKAGES

Veer |1
GND, [2
'NE
Gno, [4]
ing [5]
ano, [6]

Vace L&

NS

El Veez
5] Gno,
4] outa
13] GNo,
2] outg
[11] GND,
0] GND,
9] GND,

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic SO 0to +70°C NE5209D
16-Pin Plastic DIP 0to +70°C NES209N
16-Pin Plastic SO -40 to +85°C SA5209D
16-Pin Plastic DIP -40 to +85°C SA5209N
August 20, 1990 35
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ABSOLUTE MAXIMUM RATINGS

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

Pp 16-Pin Plastic DIP 1450 mwW

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

NOTES:

1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 6,a:
16-Pin DIP: Oa= 85°C/W
16-Pin SO: 64 = 110°C/W

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage Vcei1 = Vecz=4.5t0 7.0V \"
Operating ambient temperature range o
Ta NE Grade 0to+70 C
SA Grade -40 to +85 °c
Operating junction temperature range o
Ty NE Grade 0 to +90 C
SA Grade -40 to +105 °c

DC ELECTRICAL CHARACTERISTICS
Ta =25°C, Voot = Veca = +5VY, 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/differential 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 1.2 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 2.4 \
Over temperature’ 1.4 26 \'
Vour DC level on outputs 1.9 24 29 Vv
Over temperature! 1.7 3.1 v
PSRR Output offset supply rejection ratio 20 45 dB
(output referred) Over temperature! 15 dB
Vsa Bandgap reference voltage 4??:;: (1;%::(’1\/ 1.2 1.32 1.45 v
Over temperature’ 1.1 1.55 \
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DC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Veet = Vegz = +5.0V, Vage = 1.0V, unless otherwise specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Rag Bandgap loading Over temperature! 2 10 kQ
Vage AGC DC control voltage range Over temperature! 0-1.3 v
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 = Vecz = +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
Vinax maeﬁp'n:pnéiggg; goluage 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
VINEQ Equivalent input noise voltage spectral density f = 100MHz 25 nVAHz
S12 Reverse isolation f = 100MHz -60 dB
AG/AVce Gain supply sensitivity (single-ended) 03 dB/NV
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-1¢B 1dB gain compression point at output f = 100MHz -3 dBm
Pl1d8 1dB gain compression point at input f = 100MHz, Vagc =0.1V -10 dBm
IP3out Third-order intercept point at output f = 100MHz, Vage >0.5V +13 dBm
IP3iy 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
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.

2. 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.
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NE5209 APPLICATIONS

The NE5209 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 sev-
eral 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
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 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 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 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 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.

J
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A1>
|~ Qg
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Figure 1. Equivalent Schematic of the VGA
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Figure 2. AGC Configuration Using Cascaded NE5209s
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Figure 5. Narrowband Noise Optimization

65V
MI“B%IRCUITS
50Q OR SIMILAR 5on
SOURCE ‘ : ourpur
50Q
. VaGge This circuit will exhibit about a 7dB
— A noise ﬁgure with approximately
- 22dB gain.
Figure 4. Broadband Noise Optimization
+5V
2 1 TURNS RATIO
TFIANSFORMER 500
[ § OUTPUT
SOURCEQ This circuit will exhibit about a 7dB
I nolse figure with approximately
22dB gein. Narrowband circuits
have the adventage of greater
stability, particularly when multiple
v AGC devices are cascaded.

+5V
mNI cIRCUITS
EOUIVALENT 50Q
SOURCE @ ” § OUTPUT
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+1V

Figure 6. Broadband Gain Optimization

This circuit will exhibit about an 8dB
noise figure with 24dB gain.

+5V
4 1 TURNS RATIO
TRANSFORMER 500
§ OUTPUT
SOURCE =
vage
+1V

Figure 7. Narrowband Gain Optimization

This circuit will exhibit approximate-
ly an 8dBnoise figure and 25dB gain.

+5V

Vage

Figure 8. Simple Amplifier Configuration

The noise figure of this configuration
will be approximately 15dB.
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50Q

s0Q
SOURCE Q—i (— l_—__—@ OUTPUT
= 5209 = With the 50Q source left untermi-

_E__.| |____ nated, the noise figure is 9dB.
= 50Q
Vage

+1V

Figure 9 Unterminated Configuration
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Figure 10. User-Programmable Fixed Gain Block
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Figure 12. Receiver AGC IF Chain
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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 o ~

combined the advantages of a high speed ° N " t Veer 1 16] veeca
bipolar process with the proven Gilbert 504 differential outpu GND, [2] E GND,
architecture. ® Single 5V power supply A E ] oura
The NE5219 is a linear broadband RF ® 0 - 1V gain control pin GND, E E GND,
amplifier whose gain is controlled by a single X 5

DC voltage. The amplifier runs off asingles  ® >60dB gain control range at 200MHz wg [5] 2] ourg
volt supply and consumes only 40mA. The ® 26dB maximum gain differential GNo, [€] 1] ano,
amplifier has high impedance (1kQ) . o vag [7] 10] Gnp,
differential inputs. The output is 50Q ® Exceptional VcontroL / Vea finearity vace [F] ) o,
differential. Therefore, the 5219 can ® 74B noise figure minimum Ace

simultaneously perform AGC, impedance .

transformation, and the balun functions. ® Full ESD protection

The dynamic range is excellent over a wide
range of gain setting. Furthermore, the noise
performance degrades at a comparatively
slow rate as the gain is reduced. This is an
important feature when building linear AGC
systems.

® Easily cascadable

APPLICATIONS
® |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
16-Pin Plastic SO 0 to +70°C NE5219D
16-Pin Plastic DIP 0 to +70°C NES219N
16-Pin Plastic SO -40 to +85°C SA5219D
16-Pin Plastic DIP -40 to +85°C SA5219N
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage -0.5t0 +8.0 A
Power dissipation, Tp = 25°C (still air)'

Pp 16-Pin Plastic DIP 1450 mW

16-Pin Plastic SO 1100 mW
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, 8,4:
16-Pin DIP: 6,4 = 85°C/W
16-Pin SO: ;4= 110°C/W

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage Veer=Vece=4.510 7.0V Vv
Operating ambient temperature range o
Ta NE Grade 010 +70 c
SA Grade -40 to +85 °c
Operating junction temperature range o
Ty NE Grade 0 to +90 C

SA Grade -40 to +105 °c

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

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
lcc 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 12 1.6 kQ
Rout Output resistance (single-ended) DC tested at t1mA 35 60 80 Q
Vos Output offset voltage (output referred) +20 +150 mV
Vin DC level on inputs 1.6 20 24 \"
Vour DC level on outputs 1.9 24 2.9 '
PSRR Output offset supply rejection ratio 18 45 dB
Vga Bandgap reference voltage 4!5;{;: ?%EZIV 1.2 182 1.45 v
Rsa Bandgap loading 2 10 kQ
Vace AGC DC control voltage range 0-1.3 Y
Isacc AGC pin DC bias current 0V<Vagc<1.3V -0.7 -6 pA
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AC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Veet = Vegoz = +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
Viax Maexairrnglpmegggg; \1/oltage 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 Vpp
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/AVce Gain supply sensitivity (single-ended) 0.3 dBvV
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
P10 1dB gain compression point at input f = 100MHz, Vage =0.1V -10 dBm
IP3out Third-order intercept point at output f = 100MHz, Vage >0.5V +13 dBm
IP3n Third-order intercept point at input f = 100MHz, Vage <0.5V +5 dBm
AGag Gain match output A to output B f = 100MHz, Vagec = 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 sev-
eral 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 Vage
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

June 17, 1991

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 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

52

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 NES219. 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 NES219 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 NE5S219s 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 resultin a slight loss of the AGC
dynamic range. Cascading three NE5219s
will give a dynamic range in excess of 60dB.

The NES219 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.

vVee n
3Ry 3Ry ~. :
[
At
Qg
Qq [ Q3 Qg outg ouTA
Rs 50Q 500
{ ] 2 1 I3 1
vVaGe = =
o r—— %
= BANDGAP °
A
f @
Figure 1. Equivalent Schematic of the VGA
I N |
I {F—o
i o 5219 | 5219 i 521> —o 85%eur
Figure 2. AGC Configuration Using C ded NE5219s
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v
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Figure 10. User-Programmable Fixed Gain Block

June 17, 1991




Signetics RF Communications Preliminary specification

Wideband variable gain amplifier NE/SA5219

FULL CARRIER
AM (DSB)
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RF INPUT F—

500 ? OUTPUT
SOURCEQ— 5219 =

1 50Q

= All harmonic distortion products will be

Vace st least -50dBc over the audio spectrum.

. 5V o v

Lo R

Figure 11. AM Modulator

50Q
CRYSTAL — '___
FILTER I__ OUTPUT
— 5219 — 5219 =
] —
I < 500
= Vage Vage Vagc
The high Input impedance to the NE5219 makes matching o GAIN CONTROL
to crystal filters relatively easy. The total deita gain of this SIGNAL

system will approach 80dB. IF frequencies well into the UHF
region can be configured with this type of architecture.

Figure 12. Recelver AGC IF Chain

Vee (+5V, unless otherwise noted)
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—
Vs T 3 Ry — 5219 AL
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vaGe

Figure 13. Test Set-up 1 (Used for all Graphs)
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Figure 24. Insertion Gain vs Temperature and V¢¢
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DESCRIPTION

The NE/SA5234 is a matched, low voltage,
high performance quad operational amplifier.
Among its unique input and output
characteristics is the capability for both input
and output rail-to-rail operation, particularly
critical in low voltage applications. The
output swings to less than 50mV of both rails
across the entire power supply range. The
NE/SA5234 is capable of delivering 5.5V
peak-to-peak across a 6002 load and will
typically draw only 700pA per amplifier. The
bandwidth is 2.5MHz and the 1% settling time
is 1.4ps.

FEATURES

©® Wide common-mode input voltage range:
250mV beyond both rails

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

® Low current consumption: 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

ORDERING INFORMATION

APPLICATIONS
® Automotive electronics
® Signal conditioning and sensing
amplification
® Portable instrumentation
~ Testand measurement
~ Medical monitors and diagnostics
— Remote meters
® Audio equipment
® Security systems
©® Communications
— Pagers
~ Cellular telephone
- LAN
~ 5V Datacom bus
® Error amplifier in motor drives

® Transducer buffer amplifier

PIN CONFIGURATION

N, and D PACKAGES

. \J

ourpuT,II 14| OUTPUT,
-mpu'r,[z % g 13| NPUT,
-HNPUT|E 12| +INPUT,

Vee E 1_—1| GND

HNPUT, E _n_o_| HNPUT,
-ANPUT2 EE 9 Q E 9 | 4NPUTy
ouwurzlz 8 | ouTPUT;

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic SO 0to +70°C NE5234D
14-Pin Plastic DIP 0to +70°C NE5234N
14-Pin Plastic SO -40 to +85°C SA5234D
14-Pin Plastic DIP -40 to +85°C SA5234N
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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 \4
robot model 200 \
Vg Dual supply voltage +3.5 \
Vpp Voltage at any device pin' Vs +05 \
lop Current into any device pin' +50 mA
Vin Differential input voltage? 0.5 v
Vem Common-mode input voltage (positive) Vec +0.6 v
Vem Common-mode input voltage (negative) Vge-0.5 \"
Pp Power dissipation® 500 mwW
T, Operating junction temperature® +150 °c
Vso 2!:&)'{); g/zlit‘ahge? raalgg\%ing indefinite output short 7 Vv
Tste | Storage temperature range -85 to +150 °c
Tsop | Lead soldering temperature (10sec max) +300 °c
0a Thermal impedance
14 pin Plastic DIP 80 °c/wW
14 pin Plastic SO 115 °c/W
NOTES:

1. Each pinis 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 +21t0 +56.5 \
Vs Dual supply voltage 11104275 \
Vem Common-mode input voltage (positive) Vee +0.25 \
Vem Common-mode input voltage (negative) Vee-0.25 "
Ta Temperature
NE 0to +70 °c
SA -40 to +85 °c
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DC ELECTRICAL CHARACTERISTICS Vcc =210 5.5V, Veg = 0V, Ta = 25°C; Vee < Veou < Veg; unless otherwise stated.

LIMITS
NE5234 SA5234
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
lcc Supply current Vee =5.5V 2.8 35 2.8 35 mA
Ve = 5.5V over full
temperature range 30 42 32 43 mA
Vos Offset voltage +0.2 +4 0.2 +4 mV
Over full temperature
range 0.4 5 +0.6 +5 mV
Offset voltage drift with
AVos/AT | emperature 4 4 Ve
Offset voltage difference
AVos | peween any amplifiers in 04 3 04 8 mv
the same package at the Over full temperature
common mode level range 0.8 4 1.2 4 mv
los Offset current +3 +20 +3 +30 nA
Over full temperature
range +4 +30 6 +60 nA
Alpg/AT | Offset current drift with 0.02 +3 0.03 +3 nA°C
temperature
Vee < Vem < Vee +0.5V -150 -90 -150 -90 nA
I Input bias current! Over ful:::gge rature -175 -100 -200 -150 nA
Vee +1V < Vem < Ve 25 70 25 75 nA
Over full temperature
range 35 100 35 120 nA
Input bias current drift with
Alg/AT | o perature 0.5 0.5 nA/°C
Input bias current difference | Veg < Vom < Vgg +0.5V 10 30 10 30 nA
between any amplifierin the | Over full temperature
Alg same package at the same range e 50 50 70 nA
common mode level. Veg +1V < Vom < Voo 5 20 5 20 nA
Over full temperature
range 15 30 25 50 nA
Veu Common-mode input range Vos < 6mV Vge-0.25 Vee+0.25 | Vege-0.25 Vec+0.25 Vv
Vos < 6mV over full
temperature range VEE'°-1 Vcc+0.1 VEE'0-1 Vcc+0.1 \
Common-mode rejection Vee < Vem < VEe+0.5V,
ratio, small signal Vee+1V < Vey < Voo % 100 % 100 a8
Over full temperature
CMRR range 90 100 80 90 dB
Common-mode rejection
ratio, large signal Vee <Vem <Vee 100 100 dB
Over full temperature
range 90 90 dB
PSRR | Power supply rejection ratio Vee < Vem < Vee 80 100 80 100 dB
Over full temperature
range 80 90 80 90 dB
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Matched quad high-performance low-voltage
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operational amplifier
DC ELECTRICAL CHARACTERISTICS (continued)
LIMITS
NE5234 SA5234
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Peak load current, sink and
I source 10 15 10 15 mA
Over full temperature
range 5 10 5 10 mA
AvoL Open-loop voltage gain 90 110 90 110 dB
Over full temperature
range 90 90 dB
Ipgak = 0.1mA Vee+0.05 Voc-0.05 | Vee+0.1 Vec0.1 v
Output voltage swing lpgak = 10MA Vege+0.25 Vcc-0.25 | Vge+0.25 Vec-0.25 \
! = 5mA over full
Vout PEAKtemp range Vge+0.22 Vee-0.2 | Vge+0.2 Vee0.2 %
Output voltage swing for
Veo = 2.75V, Vgg =-2.75V R, = 2kQ Vee+0.2 Veo0.2 | Vge+0.2 Vee0.2 v
R =600Q,
Vge+0.25 Vee-0.25 | Vee+0.25 Vec0.25 | Vv
NOTES:

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

AC ELECTRICAL CHARACTERISTICS T, = +25°C; V¢ = 210 5.5V; R, = 10k; C, = 100pF; unless otherwise stated.

CONVENTIONAL OP AMP

SIGNETICS NES5234

LIMITS
NE5234 SA/SE5234
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Over full temperature
SR Slew rate range 5 0.8 5 0.8 Vips
BW | Unity gain bandwidth: -3d8 | ©Ver f”'l;ﬁ';’;’e’a‘“’e 2 25 | 40 2 25 | 40 | MHz
Om Phase Margin C = 50pF 55 55 deg
ts 1% settling time Ay =1, 1V step 1.4 14 ps
VN | Inputreferred voltage noise Av=1.8s =02, at 25 25 e
THD Total harmonic distortion 10kHz, 1Vp.p, Ay =1 0.1 0.1 %
OUTPUT INVERSION PREVENTION
Vi v
Vee
Vc:; N vour o N Vour Yee
sv / 47k |/ _I sV
ViN *
Vanp > _,_—’V\N—— > Vout —> t VaND
— 4%
= VanD
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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 a broadly 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,-700uA 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 260mV 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, it is 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

October 7, 1991
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Vee

R11

SWITCH

vB2

Q12

7<
!

Figure 1. NE5234 Input Stage

N-region of the common-mode range will
automatically cause Q5 to transfer the IB1
current source to Q7 and the NPN transistor
pair Q1 and Q2. Operation below the 1V
level at the inputs allows the current from 1B1
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 Vg 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)

VIN

Vee N\ Voutr

5V /

i

CONVENTIONAL OP AMP

VGND

Vee
47k
ViN
Vout

SIGNETICS NE5234

Figure 2. Output Inversion Protection
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NES5234 Common-Mode Operating Regions
Figure 3.

For negative going input signals, which drive
the inputs toward the Vge 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 Vgg.

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 |4 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-Da3 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.

. 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.

Iu I
VCC!

<)
>
R8s < R76
<

[eH—fess
Q51,52

INPUT

%
W e
T

[

VEE

|
| c3
|
|
| O
: l OUTPUT
————— —_————t e — | —— ] — ] Cc6
1| I——- Q72
c2 L\l T
| Cl
Q61 oez\' Q784 . arsha8Tt
L vpg D3
8 T O8] T
B3 CONTROL
187 ™ % R86 3 R75
[ 11 I |
INTERMEDIATE STAGE CURRENT CONTROL CLASS AB OUTPUT
Figure 4.

October 7, 1991

£l



Signetics RF Communications

Application note

Using the NE/SA5234 amplifier

AN1651

100
\\
N
N \
80 AN N
N
N
N \
N
a ‘\\
G1000 N
\\
40
~N
™
N
N
20 \
™
N
N
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz .
FREQUENCY 10-10
Figure 5. NE5234 Closed Loop Gain vs Freq y
HP
3585
SPECTRUM
ANALYZER
600Q
a7k
O]

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/VHz.

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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Referring to the graph in Figure 7a, the
equivalent voltage noise is seen to average
18 nVAHz. The 95% confidence interval is
determined to be approximately one nV/YHz.
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 resistor
generates 0.4 nV/YHz and the feedback
network’s equivalent resistance of 90Q
generates 1.2nV/Hz. 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 = 10Q -nV/Hz
22
v
Hzlgse,
1154 AN /
18 N U~
nuy
T
17
16
100 200 2000 10000
a.
pA/ [Hz
o.
12
in_10
P
)
4
0.1 1]
"100 200 Pk 2 10000HZ
b.
Figure 7.

Noise currentis 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/VHz. 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. For instance, 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/'Hz- /BW = 3.5uVaus

BW = 10kHz

Noise from source 10k Resistance-

Noise Voltage from source resistance EQ 2.

l4nV/ /ITZ- . ,BTV = ZQLVRMS
Current generated noise
0.2pA/ {Hz - 10° - VBW = 0.28uViys

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

En = Y357 + 20) + (028
= 4.04uVrus

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
10mVgus. The resulting signal-to-noise ratio
at the output of this stage is determined by
first multiplying the gain times the signal
which gives 1Vgys with a resultant noise of
400uVpus. The signal-to-noise ratio is
calculated as

EQ3.

EQ4.

EQS
S/N  20logio (1.0/4x107%) = 68dB

This is quite adequate for good quality audio
applications.

Next, assume that the bandwidth is cut to
3.0kHz with an input of imVgys. 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.

EQé.

V3x10°

v20x10°

+En = I«GI‘VRMS

October 7, 1991
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+
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2 e
{2 [
1uF I
: J8 _J_ sT1700
6000 | 1K A 10k 100pF DISTORTION
~ T : ANALYZER
/ ' L
40dB CIRCUIT
Figure 9.
Amplified Noise = 160pVaus This makes orders-of-magnitude lower noise
gq7,  Sourees less important than the higher
100x10-2 * magnitude source. Therefore, when
S/N  20logyo Toxo considering the combined signal-to-noise of
1.6x1 ' multiple stages of gain, the first stage in a
= 5648 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.
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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
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100mVgus and a 56dB S/N, and an output
noise of 0.16mV. Following this with a 10kHz
band limited gain-of-10 second-stage, with a
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:

EQs.
[J (0.163x10°%)2 + (m)z] 10
= 16mV
K = Boltzman'sCamtla;; = b Joule
.38x10™ m

T = 300°K ; BW = 10kH:z
The amplified output signal = 1Vgus
EQ 10.
1
S/N =20 —
/ cel0 (1.6;10‘3)
= 56dB

Note that there is no effect from the
second-stage thermally generated resistor
noise due to the dominating effect of the
first-stage amplified noise being much greater
than the input noise of the second-stage. In
addition the equivalent noise resistance of the
second-stage is essentially the output
resistance of the first-stage plus any series
resistance used in coupling the two. This is
the parallel combination of source resistance
with input terminating or biasing resistance.

Vil. LOW HARMONIC

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 different
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
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Figure 11.

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 Vgus 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 0.5Vpys (1.4Vp.p) and
increases to 0.4% for for 0.6Vgms (1.7Vp.p).

4l

For a 2V supply, the input levels increase to
0.65Vgus and 0.7Vgys, respectively for
similar levels of distortion. With a supply
voltage of 3.0V the input may be increased to
1VRrums before THD rises to 0.2% and
1.1VRgums for only 0.8% THD. Operation with
a 600X 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. It is evident that little
increase in THD levels result. The graphs for



Signetics RF Communications

Application note

Using the NE/SA5234 amplifier

AN1651

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 roll-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 1IMHz, 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. ltis 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 itis also a function of signal
amplitude, as we shall see in the next
section.

AoL|
-6dB/Octave

LooP }|

can ||

AcL

fs '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 0 to 2r. This
amounts to taking the time derivative of the
sine wave which results in multiplying the
cosine by the factor ‘2nf'.

An example of the trade off between signal
amplitude and frequency is shown below for
the NE5234 slew rate of 0.8V/us. 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 (2 f) cos (2x f f)

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
1VRgus 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 = Vpsin @Quf1) EQ. 13
d LR
VpK = 1.096V
N

VpK = 630mV
:
-
g

VpK = 100mV \\

\\\
O.U‘m
(Hz)
Figure 13. Slew Rate Limiting Amplitude vs Frequency
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Figure 14. Single Supply Biasing in Cascade

800,000 V/sec/ 2r« 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 0.7Vgrus, 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

= Vp cos 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 Cs. Its use provides
transient suppression for signals coming from
the supply bus. A low cost 0.1uF 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, Rs,
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 muiltiplied 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 network
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 the
device.

Vee

R1

I W
I} "

Figure 15. Non-Inverting Biasing

APPLICATIONS EXAMPLES
Instrumentation
Strain Bril 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. Itisimmediately evident that the
wide common-mode output range of the
NE5234 is very advantageous in handling this
wide range of signals with good linearity due
to 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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Figure 16. A 4-20mA Current Loop

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

V2 12k 1.2M

Figure 17. Strain Gauge Amplifier

o +5.0V
+5.0V Vo
1k
12M0 = =
V2=Vy| Vo
59mVv 0.5V 8.G.: Matched Strain Gauge elements.
25.6mV  2.50V
46.6mV  4.63V

Two-wire, Twisted-pair

12k 12MQ —— Shielded Line
Figure 18. Remote Strain Gauge
4.6V DC
v

Figure 19. Solar Regulator
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hat 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
NES5234D 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.

r Regulator for 3-V 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.

DC Servo-amps
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
O
|
|
|
L
A N—t
R:
VR1-3 = 1.4V

Figure 20. Full Bridge Motor Drive
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Active filters

The NE5234 is easily adapted to use in a
variety of active filter applications. lts 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
600 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.

Voi It Mi

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
filling 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
NES78 compandor to create an audio
processor capable of operating in just such
an environment. Both devices are
operational to a low battery voltage of 2.0V.
In addition the design further conserves
current by automatically shifting the NES78
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
NES578 draws 1.4mA and this drops to 170puA
in the standby mode. This amounts to
reducing the supply current demand by
approximately 25% in the ‘listen mode’.
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b. VCVS Band Pass Filter

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 V¢c/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 100mVgus
at the input to A1 from the microphone and
this is boosted to 400mVgus. 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 (Rg) 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

AUDIO IN
LEFT

NE/SA5234
#

10kQ PIN av
+
‘1
9
10

1
14 L o
5 1
LEFT CHANNEL
out

— o
o
AUDIOIN BRIDGE AMP #2 BIGHT CHANNEL
RIGHTO NES234
———o

Figure 22. Stereo Bridge Amp
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Figure 23. VOX Audio System

40.2k2

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
NES578 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 audio level in the transmitter 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
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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
NES578. 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 makes 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 1Vgys. 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
controlled. 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 NES78 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.

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 10mVo.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 R-Cr to limit the rate of change of the
signal voltage prior to the buffer. Note that
the last stage acts as a zero-crossing
detector. This maximizes noise immunity by
allowing a transition only after the third stage
output voltage has risen above 2/3V¢c.
Phase inversion may be accomplished, if the
logic level signals are polarity reversed, by
making stage 3 inverting and AC coupling the
input signal with a sufficiently large capacitor
to reduce droop. Stage 3 must then be
biased by connecting its non-inverting node
to bias point ‘A’. This provides a 2.5V

threshold for the proper switching operation
of the stage. However, care must be taken
not allow the network's time constant to
become code dependent as to the average
low frequency signal components or errors
will result in the output signal.

The advantage of this particular circuit is that
it has the simplicity of single supply operation
along with the capability of a large output
swing making it fully TTL compatible

REFERENCES:

Signetics, a North American Philips
Company. Linear Data Manual, Volume 2 :
Industrial. Sunnyvale: 1988.

Wong, Alvin K. Companding with the NE577
and NE578..Signetics Applications Note
AN1762 : September 1990.
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Figure 24. Block Diagram of NE578 Test and Application Circuit

October 7, 1991

78



Signetics RF Communications

Application note

Using the NE/SA5234 amplifier

AN1651

Figure 25. NE570/571/SA571 System Level
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Figure 26. Fiber Optic Data Receiver
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Signetics RF Communications Product specification
High frequency operational amplifier NE/SE5539

DESCRIPTION FEATURES PIN CONFIGURATION

The NE/SE5539 is a very wide bandwidth, ® Bandwidth

high slew rate, monolithic operational
amplifier for use in video amplifiers, RF
amplifiers, and extremely high slew rate
amplifiers.

Emitter-follower inputs provide a true
differential input impedance device. Proper
external compensation will allow design

. operation over a wide range of closed-loop
gains, both inverting and non-inverting, to
meet specific design requirements.

ORDERING INFORMATION

~ Unity gain - 350MHz
- Full power - 48MHz
— GBW - 1.2GHz at 17dB

® Slew rate: 600/VLs
® AyoL: 52dB typical
® Low noise - 4nVVHz typical

® MIL-STD processing available

APPLICATIONS
® High speed datacom

® Video monitors & TV

@ Satellite communications

® |mage processing

® RF instrumentation & oscillators
® Magnetic storage

® Military communications

——
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GROUND [7:

D, F, N Packages

14| - INPUT

13| Ne

12 | FREQUENCY
COMPENS.

11 (NC
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e

Zl OUTPUT

Top View
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DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to +70°C NES539N
14-Pin Plastic SO 0 to +70°C NE5539D
14-Pin Cerdip 0 to +70°C NES539F
14-Pin Plastic DIP -55 to +125°C SE5539N
14-Pin Cerdip -55 to +125°C SE5539F
ABSOLUTE MAXIMUM RATINGS1
SYMBOL PARAMETER RATING UNITS
Vee Supply voltage +12 \
Ppmax | Maximum power dissipation,
Ta = 25°C (still-air)?
F package 1.17 W
N package 1.45 w
D package 0.99 w
Operating temperature range
Ta NE 0to 70 °C
SE -55t0 +125 °C
Tsta Storage temperature range -65to +150 °C
Ty Max junction temperature 150 °C
Tsop [ Lead soldering temperature (10sec max) +300 °C
NOTES:

1. Differential input voltage should not exceed 0.25V to prevent excesive input bias current and common-mode voltage 2.5V. These voltage
limits may be exceeded if current is limited to less than 10mA.

2. Derate above 25°C, at the following rates:

F package at 9.3mW/°C

N package at 11.6mW/°C

D package at 7.9mW/°C

November 3, 1987
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DC ELECTRICAL CHARACTERISTICS

Vec = $8V, Ta = 25°C; unless otherwise specified.

SES5539 NES539
SYMBOL PARAMETER TEST CONDITIONS MmN | Tvp | max | min | TYP | MAX | uNiTS
Vour | Output voltage swing R.= Egg :g _?,’:5 and fgm:g J_'12 3 *_’22 27 v
R_ = 25Q to GND +Swing +2.3 | +3.0 v
VouTt Output voltage swing Over temp -Swing -1.5 -2.1
RL = 25Q to GND +Swing +25 | +3.1 v
Ta =25°C -Swing 20 | -27
lecs Positive supply current Vo =0, Ry = e, Over temp 14 18 2.8 3.5 mA
Vo =0, Ry =0, Tp=25°C 14 17 14 18 mA
lce- Negative supply current Vo =0, Ry = =, Over temp 1 15 2.8 3.5 mA
Vo =0, Ry =, Tp=25°C 11 14 1 15 mA
PSRR | Power supply rejection ratio AVgc =1V, Over temp 300 | 1000 uvv
AVeo =11V, Tp = 25°C 200 | 1000 | pvvV
AvoL | Large signal voltage gain Vo = *éﬁg: e SL_CC’C“Q to 47 | 52 | 57 | B
Over
AvoL Large signal voltage gain Vo =+2.3V,-1.7V temp dB
R = 2Q to GND Ta =25°C 47 52 57
. . Over | 45 60
AvoL Large signal voltage gain Vo = +2.5V, -2.0V temp dB
RL = 2Q to GND Ta=25°C | 48 53 58

DC ELECTRICAL CHARACTERISTICS

Vee = 38V, Ta = 25°C; unless otherwise specified.

SE5539
SYMBOL PARAMETER TEST CONDITIONS MN | TYP | max | uniTs
Vos Input offset voltage Over temp 2 5 mV
Ta = 25°C 2 3
los Input offset current Over temp 0.1 3 HA
Ta =25°C 0.1 1
Ig Input bias current Over temp 5 20 HA
Ta =25°C 4 10
CMRR | Common-mode rejection ratio Vem = £1.3V, Rg = 100Q 70 85 dB
loce Positive supply current Over temp 1 14 mA
Ta=25°C 11 13
lee- Negative supply current Over temp 8 11 mA
Tp = 25°CmA 8 10
PSRR | Power supply rejection ratio AVgo =11V Over temp 300 | 1000 | pV/V
Ta =25°C
Over +Swing +14 | +2.0
Vour Output voltage swing R = 150Q to GND temp —Swing -1.1 | -1.7 \"
and 390Q to Ve Ta= +Swing +15 | +2.0
25°C —Swing -14 | -1.8
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AC ELECTRICAL CHARACTERISTICS
Vce =18V, R = 150Q to GND and 470Q to -V, unless otherwise specified.
SE5539 NES539
SYMBOL PARAMETER TEST CONDITIONS miN | TYP | max | min | TvP | max | uniTs
BW Gain bandwidth product AcL=7,Vo=0.1Vpp 1200 1200 MHz
Small signal bandwidth AcL =2, R_ = 150Q! 110 110 MHz
ts Settling time AcL =2, R, = 150Q! 15 15 ns
SR Slew rate AcL =2, R, = 150Q! 600 600 Vips
tpp Propagation delay AcL =2, R = 150Q! 7 7 ns
Full power response AcL =2, R_ = 150Q! 48 48 MHz
Full power response Ay =7, R_ = 150Q! 20 20 MHz
Input noise voltage Rs = 50Q, 1MHz 4 nVAHz
Input noise current 1MHz 6 pANHz
NOTES:
1. External compensation.
AC ELECTRICAL CHARACTERISTICS
Vee =16V, R = 150Q to GND and 390X to -V, unless otherwise specified.
SE5539
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
BW Gain bandwidth product AcL=7 700 MHz
Small signal bandwidth Ag =2! 120 MHz
ts Settling time Ag = 2! 23 ns
SR Slew rate AcL =21 330 Vips
tpp Propagation delay AcL =21 4.5 ns
Full power response AgL =21 20 MHz
NOTES:

1. Externalcompensation.

TYPICAL PERFORMANCE CURVES

NE5539 Open-Loop Phase
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e
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FREQUENCY (Hz)
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TYPICAL PERFORMANCE CURVES (Continued)
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CIRCUIT LAYOUT physical circuit is extremely critical. will result in more favorable system
CONSIDERATIONS Bread-boarding is not recommended. A operation. An example utilizing a 28dB

As may be expected for an ultra-high double-sided copper-clad printed circuitboard  non-inverting amp is shown in Figure 1.

frequency, wide-gain bandwidth amplifier, the

Re
OPTIONAL AMA-
OFFSET
ADJ. v nF
W O—M——ov M
5
‘V‘v‘v
R Ry 75
750
7% ——W\V—0 VouT | TERM
VIN
Rz
75
—v
Ry = 750 5% CARBON Rs = 20k TRIMPOT (CERMET) RFC 3T # 26 BUSS WIRE ON
Rp = 75Q 5% CARBON R = 1.5k (28dB GAIN) FERROXCUBE VK 200 09/38 CORE
Rg = 75 5% CARBON Rg = 470Q2 5% CARBON BYPASS CAPACITORS
Ry = 36K 5% CARBON 1nF CERAMIC
(MEPCO OR EQUIV,)
Top Plane Copper! Component Side Bottom Plane
(Component Side) (Component Layout) Copper!

w/comp.

Figure 1. 28dB Non-Inverting Amp Sample PC Layout
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NE5539 COLOR VIDEO
AMPLIFIER

The NE5539 wideband operational amplifier
is easily adapted for use as a color video
amplifier. A typical circuitis shown in

Figure 2 along with vector-scope1
photographs showing the amplifier differential

gain and phase response to a standard
five-step modulated staircase linearity signal
(Figures 3, 4 and 5). As can be seen in
Figure 4, the gain varies less than 0.5% from
the bottom to the top of the staircase. The
maximum differential phase shown in

Figure 5 is approximately +0.1°.

750
l ‘v‘v‘v ’ ‘v‘v‘v
j 22nF
T
1 — 6dB LOSS—1
2 75 Qzo-70
VIiN a0 = 75
22nF| -

Figure 2. NE5539 Video Amplifier

The amplifier circuit was optimized for a 75W
input and output termionation impedance with
a gain of approximately 10 (20dB).

NOTE:

1. The input signal was 200mV and the out-
put 2V. Vg was +8V.

Figure 3. Input Signal

Figure 4. Differential Gain <0.5%

NOTE:

Instruments used for these measurements were Tektronix 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform

monitor.
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PHASE
ERROR

I

Figure 5. Differential Gain +0.1°

N
z
"
£
i
® <
3
LA} N\

2V
-8v
AAA 1
v +
; 2-10pF 470 18
< NES539 Zo= 50g
220 < 8
b _ 87
4

1K 2K =
AMA —AMA——9
L ot
~1.5pF
Figure 6. Non-Inverting Follower
48V
-8v
1
q * 470
= 3 18
jz’” NES5539
2~ 2-20pF}
;_\r..'lv._‘f”"_ 73 =
14
= % K =
-~ AN—
3.3pF

Figure 7. Inverting Follower
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DESCRIPTION FEATURES PIN CONFIGURATION

The NE5592 is a dual monolithic, two-stage, ° : : ;

differential output, wideband video amplifier. It 110MHz unity gain bandwidth D, N Packages

offers a fixed gain of 400 without external ® Adjustable gain from 0 to 400 )
components and an adjustable gain from 400 Adjustable pass band INAq E 14| 0UT A2
to 0 with one external resistor. The input INA [5_‘ E ouTA
stage has been designed so that with the ® No frequency compensation required 2 1
addition of a few external reactive elements o W. hapi ith minimal external Ga E E] Veo
between the gain select terminals, the circuit ave shaping with mynima externa

can function as a high-pass, low-pass, or components CGa E: e
b'and.-gass filter. This fealyre makes the Vee E 10| Gg
circuit ideal for use as a video or pulse

amplifier in communications, magnetic APPLICATIONS OUT By E: 4 E IN B2
memories, display, video recorder systems, ® Floppy disk head amplifier ouT B, E ZI IN By

and floppy disk head amplifiers.

© Video amplifier

® Pulse amplifier in communications
©® Magnetic memory

© Video recorder systems

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0to 70°C NE5592N
14-Pin SO package 0 to 70°C NE5592D
EQUIVALENT CIRCUIT
O 4+
;é,m éﬂz %Ra %ﬂméﬂo J
M, %
J - .
Ka® 03
o
INPUT 2 VW O OUTPUT1
INPUT 1 Q G2 AN
e a Ri2 —O OuTPUT2
< Rq Re
| E 7 0) Ry N | | Y Q. on
R7a R7s Ris Rig Ri3 Ria
. 0 -v
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ABSOLUTE MAXIMUM RATINGS

Ta=25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage +8 Vv
Vin Differential input voltage 5 \
Vem Common mode Input voltage 16 \
lout Output current 10 mA
Ta ng?gt;.g temperature range 010470 oc
Tsta Storage temperature range -65to +150 °C
Pp max Maximum power dissipation,

Ta=25°C (still air)!
D package 1.03 w
N package 1.48 W
NOTES:
1. Derate above 25°C at the following rates:
D package 8.3mW/°C

N package 11.9mW/°C

DC ELECTRICAL CHARACTERISTICS
Ta=+25°C, Vgg=16V, Vcu=0, unless otherwise specified. Recommended operating supply voltage is Vg = 6.0V, and gain select pins are
connected together.

SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
Min Typ Max
AvoL Differential voltage gain . R =2kQ, Voyr=3Vp.p 400 480 600 VN
Rin Input resistance 3 14 kQ
Cin Input capacitance 25 pF
los Input offset current 0.3 3 HA
Igias Input bias current 5 20 HA
Input noise voltage BW 1kHz to 10MHz 4 nVAHz
ViN Input voltage range +1.0 \
CMRR Common-mode rejection ratio V\(l:::: 11 va?lg&k*r zz 60 23 gBB
PSRR Supply voltage rejection ratio AVg= 0.5V 50 85 dB

Vour=1Vp.p; f=100kHz 65 70 dB

Channel separation (output referenced) R =1kQ
Vos Outp}lt offset vc_>|tage Ri=c 0.5 1.5 \
gain select pins open Ry =c 0.25 | 0.75 \
Veum Output common-mode voltage Ry =ce 2.4 3.1 3.4 \
Vout Output differential voltage swing R =2kQ 3.0 4.0 \
Rout Output resistance 20 Q
oo s |4 | m
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DC ELECTRICAL CHARACTERISTICS

Vss=16V, Vem=0, 0°C < Ta < 70°C, unless otherwise specified. Recommended operating supply voltage is Vs = $6.0V, and gain select pins are

connected together.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
Min Typ Max
AvoL Differential voltage gain R =2k, Vour=3Vp.p 350 430 600 VIV
Rin Input resistance 1 1 kQ
los Input offset current 5 HA
Isias Input bias current 30 HA
Vin Input voltage range +1.0 \"
CMRR Common-mode rejection ratio Vem £ ‘;;:;OOKHZ 55 dB
PSRR Supply voltage rejection ratio AVg=10.5V 50 dB
Channel separation (ot\lltguurr;f\(/;ez;:;;)gt’jm 70 dB
Vos Output offset voltage
gain select pins connected Ry=c0 15 \
together
gain select pins open Ry=c 1.0 \']
Vour Output differential voltage swing R =2kQ 28 \
lcc Power supply current
(total for both sides) Ry =c0 47 mA

AC ELECTRICAL CHARACTERISTICS

Ta=+25°C Vgg=1t6V, Vcm=0, unless otherwise specified. Recommended operating supply voltage Vg=16.0V. Gain select pins connected

together.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
Min Typ Max
BW Bandwidth Vout=1Vp.p 25 MHz
tr Rise time 15 20 ns
trD Propagation delay Vour=1Vp.p 7.5 12 ns
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TEST CIRCUITS Ta=25°C unless otherwise specified.

——o
0.20F
e 5592 :
v RL V
Ny L tout ein Q 55922 g.0uF °
©Cour
35135 3 fout
51< 51 >
i “‘i“‘ Sk St
Vg =16V Tp =25°C
TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
Common-Mode Rejection Ratio Output Voltage Swing as a Channel Separation as a
- as a Function of Frequenc: Function of Frequency Function of Frequency
¥ 100 auensy 6
o g o Al
£ as 2 RL= 1k
g w £ I 0T Ta-25c
z A=
e mn Ja § = _ﬂ__
g e g N g -30
d sol— 33 & -0
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£ 10 [T © 80 [
8 o I I I l T—l [] -90 s
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50 I I I | I T l I I 1.6 T T T 7T j L I
% 45 | I I I I 1.6 }— RL=1kQ 11 14 |— VS =46V —t
g o |- >t TA=25C L L ye ey s12 [ L=tk gy e
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w
& 20 Sos —— 5 04 \ Ta=25C
£ 1 L 5o p,‘ V=43V EO? T 1Y na-rc 3
S 10 A 02 3 o
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3
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Gain vs Frequency as a
Function of Supply Voltage
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DESCRIPTION FEATURES PIN CONFIGURATIONS
The NE/SA/SE592 is a monolithic, two-stage, e 120MHz unity gain bandwidth D, F, N Packages
differential output, wideband video amplifier. It ) . [\
offers fixed gains of 100 and 400 without ® Adjustable gains from 0 to 400 wputz2 [ 1] —1 14| puT1
external components and adjustable gains ® Adi 2 “
from 400 to 0 with one external resistor. The Adjustable pass band :ﬁ l: % ne cam
N N . . . G
lt:zuat :‘t;iat?; h;sabf:net;l(e:::ggle:lezz t:C:t with ® No frequency compensation required ‘325% Ceer E 12 g%& or
ing with mini Gy GAIN 4 Gyp GAIN
elements between the gain select terminals, ¢ Wave shaping with minimal external Siect E n séﬂ;m
the circuit can function as a high-pass, components V- E 1] v.
low-pass, or band-pass filter. This feature ® MIL-STD processing available
makes the circuit ideal for use as a video or L E Z' NC
pulse amplifier in communications, magnetic OUTPUT 2 E — E OUTPUT 1
memories, display, video recorder systems, APPLICATIONS
and floppy disk head amplifiers. Now " - TOP VIEW
available in an 8-pin version with fixed gainof  ® FloPpy disk head amplifier  PACKAGE:
400 without external components and ® Video amplifier Goa GAIN SELECT
adjustable gain from 400 to O with one o L
external resistor. ® Pulse amplifier in communications Gy GAIN
. INPUT 1 [} SELECT
® Magnetic memory ®
INPUT 2 Va
® Video recorder systems
GAIN
G%BELECT OUTPUT 1
Gqp GAIN OUTPUT 2
NOTES: v
Pin 5 connecxted to case
*Metal cans (H) not rocommrnded for new designs.
D, F, N Packages
INPUT2 [1] T INPUT 1
Gy GAIN
Shieer (2 v [7] SiaSAIN
V- n n Ve
ourpur2 [4] 5] outpuTa
TOP VIEW
BLOCK DIAGRAM
9 O 4V
SR SR $re $R0 $Ro I
<
K. c8
L Qs
K a4 Q3
el -
AW O OUTPUT 1
INPUT 2
INPUT 1 o1 Q2 A
GIA c1B R12 ——O OUTPUT 2
R3 RS
G2A G28
ars Q8 ) I IJ -] a1 I)
(173 ~ 4 o an
R7A R7B R15 R16 R13 R14
- *—o0 v

November 3, 1987

94

853-0911 91255



Signetics RF Communications

Product specification

Video amplifier

NE/SA/SE592

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE

14-Pin Plastic DIP 0to +70°C NE592N14
14-Pin Cerdip 0to +70°C NE592F 14
14-Pin Cerdip -65°C to +125°C SE592F14
14-Pin SO 0to +70°C NE592D14
8-Pin Plastic DIP 0to +70°C NE592N8
8-Pin Cerdip -565°C to +125°C SE592F8
8-Pin Plastic DIP -40°C to +85°C SA592N8
8-Pin SO 0to +70°C NES92D8
8-Pin SO -40°C to +85°C SA592D8
10-Lead Metal Can 0to +70°C NES92H
10-Lead Metal Can -55°C to +125°C SE592H

NOTES:

‘N8, N14, D8 and D14 package parts also available in “High" gain version by adding “H" before
package designation, i.e., NES92HDB

ABSOLUTE MAXIMUM RATINGS

Ta=+25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage +8 \"
Vin Differential input voltage 5 \
Vem Common-mode input voltage 16 \"
lout Output current 10 mA
Ta Operating ambient temperature range

SE592 -40to +85 °C

NE592 Oto +70 °C
Tsta Storage temperature range -65to +150 °C
Pp max Maximum power dissipation,

Ta=25°C (still air)!

F-14 package 117 w

F-8 package 0.79 w

D-14 package 0.98 w

D-8 package 0.79 w

H package 0.83 w

N-14 package 1.44 w

N-8 package 117 w

NOTES:

1. Derate above 25°C at the following rates:
F-14 package at 9.3mW/°C
F-8 package at 6.3mW/°C
D-14 package at 7.8mW/°C
D-8 package at 6.3mW/°C
H package at 6.7mW/°C
N-14 package at 11.5mW/°C
N-8 package at 9.3mW/°C
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DC ELECTRICAL CHARACTERISTICS

Ta=+25°C Vgg=+6V, Vcu=0, unless otherwise specified. Recommended operating supply voltages Vg=+6.0V. All specifications apply to both

standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS NE/SA592 SES92 UNIT
Min | Typ | Max | Min | Typ | Max
AvoL Differential voltage gain,
standard part
Gain 1! RL=2kQ, Vour=3Vp.p 250 | 400 | 600 | 300 | 400 | 500 vV
Gain 224 80 100 | 120 90 100 | 110 A%
High gain part 400 | 500 | 600 A%
Rin Input resistance
Gain 1! 4.0 4.0 kQ
Gain 22.4 10 30 20 30 kQ
Cin Input capacitance? Gain 24 2.0 2.0 pF
los Input offset current 0.4 50 04 3.0 HA
Igias Input bias current 9.0 30 9.0 20 HA
Vnoise Input noise voltage BW 1kHz to 10MHz 12 12 “VRms
Vin Input voltage range +1.0 +1.0 v
CMRR Common-mode rejection ratio
Gain 24 Vemt1V, f<100kHz 60 86 60 86 dB
Gain 24 Vemt1V, 1=5MHz 60 60 dB
PSRR Supply voltage rejection ratio
Gain 24 AVg=10.5V 50 70 50 70 dB
Vos Qutput offset voltage
Gain 1 Ry=c0 15 1.5 v
Gain 24 Ry =00 15 1.0 v
Gain 33 Ry=c 0.35 | 0.75 0.35 | 0.75 \
Veum Qutput common-mode voltage Ry =c0 24 29 34 24 29 34 Vv
Vour Output voltage swing R =2kQ 3.0 4.0 3.0 40 \
differential
Rourt Output resistance 20 20 Q
Icc Power supply current Ry =co 18 24 18 24 mA
NOTES:

1. Gain select Pins Gy and Gyg connected together.
2. Gain select Pins G and Gpg connected together.

3. All gain select pins open.
4. Applies to 10- and 14-pin versions only.
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DC ELECTRICAL CHARACTERISTICS

DC Electrical Characteristics Vgs=+6V, Vgn=0, 0°C <TA<70°C for NE592; -40°C <Tp < 85°C for SA592, -55°C <Tp < 125°C for SE592, unless
otherwise specified. Recommended operating supply voltages Vs=+6.0V. All specifications apply to both standard and high gain parts unless

noted differently.
SYMBOL PARAMETER TEST CONDITIONS NE/SA592 SE592 UNIT
Min | Typ | Max | Min | Typ | Max
AvoL Differential voltage gain,
standard part
Gain 1! R.=2kQ, Vour=3Ve.p 250 600 | 200 600 VIV
Gain 22:4 80 120 80 120 VIV
High gain part 400 | 500 | 600 VIV
Rin Input resistance
Gain 224 8.0 80 kQ
los Input offset current 6.0 5.0 HA
laias Input bias current 40 40 pA
ViN Input voltage range +1.0 +1.0 Vv
CMRR Common-mode rejection ratio
Gain 24 Vemt1V, f<100kHz 50 50 dB
PSRR Supply voltage rejection ratio
Gain 24 AVg=10.5V 50 50 dB
Output offset voltage
Vos Gain 2 A= s 2|V
Gain 33 1.0 1.0
Vout Output voltage swing differential RL=2kQ 2.8 25 \
lcc Power supply current R = 27 27 mA
NOTES:

1. Gain select Pins Gy and Gyg connected together.
. Gain select Pins G and Gpg connected together.

2
3. All gain select pins open.
4. Applies to 10- and 14-pin versions only.

AC ELECTRICAL CHARACTERISTICS

Ta=+25°C Vgg=+6V, Vcy=0, unless otherwise specified. Recommended operating supply voltages Vs=16.0V. All specifications apply to both

standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS NE/SA592 SE592 UNIT
Min | Typ | Max | Min | Typ | Max
Bandwidth
BW Gain 1! 40 40 MHz
Gain 224 90 90 MHz
Rise time
R Gain 1! Vour=1Vpp 105 | 12 105 | 10 ns
Gain 224 45 45 ns
Propagation delay
trp Gain 1! Vourt=1Vp.p 7.5 10 75 10 ns
Gain 2% 4 6.0 6.0 ns
NOTES:
1. Gain select Pins G4 and Gg connected together.
2. Gain select Pins Gpp and Gog connected together.
3. All gain select pins open.
4. Applies to 10- and 14-pin versions only.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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PHASE SHIFT - DEGREES
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TYPICAL APPLICATIONS
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Signetics RF Communications Preliminary specification

6W audio amplifier with preamplifier TDA1010A

The TDA1010A is a monolithic integrated class-B audio amplifier circuit in a 9-lead single in-line (SIL)
plastic package. The device is primarily developed as a 6 W car radio amplifier for use with 4 £ and
2 £ load impedances. The wide supply voltage range and the flexibility of the IC make it an attractive
proposition for record players and tape recorders with output powers up to 10 W.

Special features are:

® single in-line (SIL) construction for easy mounting

® separated preamplifier and power amplifier

® high output power

® |ow-cost external components

® good ripple rejection

® thermal protection

QUICK REFERENCE DATA

Supply voltage range Vp 6to24 V
Repetitive peak output current loRM max. 3 A
* Output power at pin 2; d¢ot = 10% ‘
Vp=144V;R =2Q Po typ. 64 W
Vp=144V;R =4 Q Po typ. 62 W
Vp=144V;R =8Q Po typ. 34 W
Vp =14,4 V; R =2 Q; with additional
bootstrap resistor of 220 2 between pins 3 and 4 Po typ. 9 W
Total harmonic distortion at Po = 1W; R|_ =4 Q dtot typ. 0.2 %
Input impedance
preamplifier (pin 8) 1Zi | typ. 30 k&2
power amplifier (pin 6) | Zi | typ. 20 k2
Total quiescent current at Vp = 14,4 V ltot typ. 31 mA
Sensitivity for P, =58 W; R|_=4 Q Vi typ. 10 mV
Operating ambient temperature Tamb —25 to + 150 OC
Storage temperature Tstg —55 to + 160 °C
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Signetics RF Communications

Preliminary specification

6W audio amplifier with preamplifier TDA1010A
RATINGS .
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Supply voltage Vp max. 24 V
Peak output current lom max. 5 A
Repetitive peak output current lIoRM max. 3 A
Total power dissipation see derating curve Fig. 2
Storage temperature Tstg —55 to + 160 OC
Operating ambient temperature Tamb —25to + 150 OC
A.C. short-circuit duration of load
during sine-wave drive;
without heatsink at Vp = 14,4 V tsc max. 100 hours
10 7276419.3
Ptot
(w)
: \
\
. \
' \
\

2 \\

0

-25 0 50 150

HEATSINK DESIGN

Tamb (°C)

Fig. 2 Power derating curve.

Assume Vp = 14,4 V; R|_ = 2 ; Tamp = 60 °C maximum; thermal shut-down starts at T; = 150 OC.
The maximum sine-wave dissipation in a 2 § load is about 5,2 W. The maximum dissipation for music
drive will be about 75% of the worst-case sine-wave dissipation, so this will be 3,9 W. Consequently, the
total resistance from junction to ambient

150 — 60

Rthj-a= Rthjtab * Rthtab-h + Rthh-a= 35

Since Rih j-tab = 10 K/W and Rp tap-h =1 K/W,

Rih ha =23 — (10+ 1) = 12 K/W.

November 1982
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Signetics RF Communications Preliminary specification

6W audio amplifier with preamplifier TDA1010A
D.C. CHARACTERISTICS
Supply voltage range Vp 6to24 V
Repetitive peak output current I0RM < 3 A
Total quiescent current at Vp = 14,4 V ltot typ. 31 mA

A.C. CHARACTERISTICS
Tamb =25 oC;Vp=144V;R_ =4 ; =1 kHz unless otherwise specified; see also Fig. 3.

A.F. output power (see Fig. 4) at dyot = 10%;
measured at pin 2; with bootstrap

Vp=14,4V; R =2 (note 1) Po typ. 64 W
- . - > 59 W
Vp=14,4V; R =4Q (note 1 and 2) Po typ. 62 W
Vp=14,4V; R =8Q (note 1) Po typ. 34 W
Vp=14,4 V; R =4 Q; without bootstrap Po typ. 57 W
Vp = 14,4 V; R = 2 ; with additional bootstrap
resistor of 220 §2 between pins 3 and 4 Po typ. 9w
Voltage gain
e typ. 24 dB
preamplifier (note 3) Gy1 211027 dB
power amplifier Gy2 typé7 to gg gg
. 4
total amplifier Gy tot typ51 to 27 gg
Total harmonic distortion at P = 1 W dtot typ. 02 %
Efficiency at P, =6 W n typ. 75 %
Frequency response (—3 dB) B 80 Hzto 15 kHz
Input impedance
ces . typ. 30 k&
preamplifier (note 4) |ZI | 20 t0 40 kQ
power amplifier (note 5) |Zi | typ1.4 to gg t?l
X 20 k2
Output impedance of preamplifier; pin 7 (note 5) | Zo| typ14 026 ::.Q,
Output voltage preamplifier (r.m.s. value)
diot < 1% (pin 7) (note 3) Vo(rms) > 0,7 V
Noise output voltage (r.m.s. value; note 6)
Rg=0% Vn(rms) typ. 03 mV
_ typ. 0,7 mV
Rg = 8,2 kQ Vn(rms) < 14 mV
Ripple rejection at f = 1 kHz to 10 kHz (note 7) RR > 42 dB
at =100 Hz; C2=1 uF RR > 37 dB
Sensitivity for Po =5,8 W Vi typ. 10 mV
Bootstrap current at onset of clipping; pin 4 (r.m.s. value) 14(rms) typ. 30 mA
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6W audio amplifier with preamplifier TDA1010A

Notes

1. Measured with an ideal coupling capacitor to the speaker load.
.Up to Py <3 W: dior < 1%.

. Measured with a load impedance of 20 k2.

. Independent of load impedance of preamplifier.

. Output impedance of preamplifier (I Zy|) is correlated (within 10%) with the input impedance
(]Zj]) of the power amplifier.

. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave).

. Ripple rejection measured with a source impedance between 0 and 2 k& (maximum ripple amplitude:
2V).

8. The tab must be electrically floating or connected to the substrate (pin 9).

o~ wWwN

N O

4
100C'2: 100C2 voltage
nF T R1 330k n meter
| 3301 T o .
100 uF
4 . Cc7
TDA1010A ] +{| F

¢l \k
o—{[F—21— PreAmP. POWER 2 1:Looo,m
AMP. c8
1uF VP
C6 b
100nF
Vi 9 7 |6 1 : R
l"* R2 4Q
: c3 47Q
O-

: ¢ o —
7; 7276418.2
7

Fig. 3 Test circuit.
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6W audio amplifier with preamplifier TDA1010A
7277909.A
15
P0
(W)
, R =20l R =49
10 1
5 Jr
Pt A
P4
4004 v =R, =
nas TR 29
// v ,/l v 4 RL=8Q
L 14 Z
4' 1 4'//
5 Y VAN, | A
A% 4 | o
AL pae
LAV A
VP ~ )
DrAsd Z !
% 1 ;
41 L~ ;
0 1 ]
14,4

Fig. 4 Output power of the circuit of Fig. 3 as a function of the supply voltage with the load impedance
as a parameter; typical values. Solid lines indicate the power across the load, dashed lines that available
at pin 2 of the TDA1010. R| =2 Q (1) has been measured with an additional 220 bootstrap resistor
between pins 3 and 4. Measurements were made at f = 1 kHz, d¢gt = 10%, Tamp = 25 °C.

Fig. 5 See next page.

Total harmonic distortion in the circuit of Fig. 3 as a function of the output power with the load
impedance as a parameter; typical values. Solid lines indicate the power across the load, dashed lines
that available at pin 2 of the TDA1010. R =2 Q (1) has been measured with an additional 220 2
bootstrap resistor between pins 3 and 4. Measurements were made at f = 1 kHz, Vp = 14,4 V.
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6W audio amplifier with preamplifier TDA1010A
7277910
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Fig. 5 For caption see preceding page.
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Fig. 6 Frequency characteristics of the circuit of Fig. 3 for three values of load impedance; typical

values. Py relative to 0dB=1W; Vp=14,4 V.
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6W audio amplifier with preamplifier TDA1010A
5 7277914
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Fig. 7 Total power dissipation (solid lines) and the efficiency (dashed lines) of the circuit of Fig. 3 as
a function of the output power with the load impedance as a parameter (for R|_= 2  an external
bootstrap resistor of 220 2 has been used); typical values. Vp=14,4V;f=1kHz.
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6W audio amplifier with preamplifier TDA1010A
7277915
30
Rthh-a
(°c/w)
20
N
(N
\‘
[y
Iy
10 e S amE ~- Ptot = 1
= 5W 11
0
0 25 50 75 100

heatsink area (cm?)

Fig. 8 Thermal resistance from heatsink to ambient of a 1,56 mm thick bright aluminium heatsink as a
function of the single-sided area of the heatsink with the total power dissipation as a parameter.
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APPLICATION INFORMATION
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Fig. 9 Complete mono audio amplifier of a car radio.
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Signetics RF Communications Preliminary specification

6W audio amplifier with preamplifier TDA1010A

TDA1010A

7277931

Fig. 10 Track side of printed-circuit board used for the
circuit of Fig. 9; p.c. board dimensions 92 mm x 52 mm.

72779321

Fig. 11 Component side of printed-circuit board
showing component layout used for the circuit of Fig. 9.
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6W audio amplifier with preamplifier TDA1010A
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Fig. 12 Complete stereo car radio amplifier.
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6W audio amplifier with preamplifier

7277933

Fig. 13 Track side of printed-circuit board
used for the circuit of Fig. 12; p.c. board
dimensions 83 mm x 65 mm.
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Fig. 14 Component side of printed-circuit board
showing component layout used for the circuit of Fig. 12.:
Balance control is not on the p.c. board.
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6W audio amplifier with preamplifier TDA1010A

7277922
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Fig. 16 Channel separation of the circuit of Fig. 12 as a function of the frequency.
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Fig. 16 Power supply of circuit of Fig. 17.
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Fig. 17 Complete mains-fed ceramic stereo pick-up amplifier; for power supply see Fig. 16.
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Signetics RF Communications Preliminary specification

6W audio amplifier with preamplifier TDA1010A

TDA1010A

3789341

Fig. 18 Track side of printed-circuit board used for the circuit 7277935

of Fig. 17 (Fig. 16 partly); p.c. board dimensions 169 mm x 118 mm.
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TDA1010A

left channel right channel
output input

left channel
input
|

right channel
output
[l

Fig. 19 Component side of printed-circuit board showing

component layout used for the circuit of Fig. 17 (Fig. 16 partly).
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6W audio amplifier with preamplifier TDA1010A

7277926
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Fig. 20 Channel separation of the circuit of Fig. 17 as a function of frequency.
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1 to 4W audio amplifier with preamplifier TDA1015

The TDA1015 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic
package. The device is especially designed for portable radio and recorder applications and delivers up
to 4 W in a4  load impedance. The very low applicable supply voltage of 3,6 V permits 6 V applications.
Special features are:

® single in-line (SIL) construction for easy mounting

separated preamplifier and power amplifier

high output power

thermal protection

high input impedance

low current drain

limited noise behaviour at radio frequencies

QUICK REFERENCE DATA

Supply voltage range Vp 36t018 V
Peak output current lom max. 25 A
Output power at dygt = 10%

Vp=12V;R_ =4 Q Po typ. 42 W

Vp= 9V;R_ =4Q Po typ. 23 W

Vp= 6V;R_ =48 Po typ. 1.0WwW
Total harmonic distortion at Pg = 1W; R|_=4 Q dtot typ. 0,3 %
Input impedance

preamplifier (pin 8) |Z;| > 100 k2

power amplifier (pin 6) | Zi| typ. 20 k&
Total quiescent current ltot typ. 14 mA
Operating ambient temperature Tamb —25 to + 160 °C
Storage temperature Tstg —55 to + 150 °C
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Signetics RF Communications Product specification
1 to 4W audio amplifier with preamplifier TDA1015
RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
Supply voltage Vp max. 18 V

Peak output current
Total power dissipation

lom max. 25 A
see derating curve Fig. 2

Storage temperature Tstg —55to + 150 °C
Operating ambient temperature Tamb —25 to + 1560 °C
A.C. short-circuit duration of load
during sine-wave drive; Vp = 12 V tge max. 100 hours
7278628.2
7.5
Ptot
(W)
® infinite
heatsink
N
N without
2,5 TN heatsink
N
NN
0 N
-25 0 +50 +100 +150 T, (°C)

HEATSINK DESIGN

Fig. 2 Power derating curve.

Assume Vp =12 V; R =4 Q; Tamp = 45 ©C maximum.
The maximum sine-wave dissipation is 1,8 W.

150 — 45
Rthj-a = Rthj-tab + Rthtab-h * Rthha =

18

=58 K/W.

Where Ry j.5 of the package is 45 K/W, so no external heatsink is required.
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Signetics RF Communications Product specification

1 to 4W audio amplifier with preamplifier TDA1015

D.C. CHARACTERISTICS

Supply voltage range Vp 36to18 V
Repetitive peak output current lorm < 2 A

. - typ. 14 mA
Total quiescent current at Vp =12V ltot < 25 mA

A.C. CHARACTERISTICS
Tamb =25 °C; Vp =12 V; R =4 Q; f = 1 kHz unless otherwise specified; see also Fig. 3.

A.F. output power at dyo¢= 10% (note 1)
with bootstrap:

Vp=12V;R =4Q Po typ. 42 W

Vp= 9V;R_.=4Q Po typ. 23 W

Vp= 6V;R_=4Q Po typ. 1,0wW

without bootstrap:

Vp=12V;R =4 Q Po typ. 30 W
Voltage gain:

preamplifier (note 2) Gy1 typ. 23 dB

power amplifier Gy2 typ. 29 dB

total amplifier Gy tot typ‘ig ‘o gg gg
Total harmonic distortion at P = 1,6 W dtot Zp' ?:g :ﬁ:
Frequency response; —3 dB (note 3) B 60 Hzto 15 kHz
Input impedance: > 100 kO

preamplifier (note 4) | Zi1 | typ. 200 kQ

power amplifier |Zi2]| typ. 20 k&
Output impedance preamplifier | Zo1| typ. 1 k&
Output voltage preamplifier (r.m.s. value)

dtot < 1% (note 2) Vo(rms) typ. 08V
Noise output voltage (r.m.s. value; note 5)

Rg=08Q Vn(rms) typ. 0,2 mV

Rg =10 k&2 Vn(rms) typ. 0,6 mV
Noise output voltage at f = 500 kHz (r.m.s. value)

B=5kHz; Rg=0Q Vn(rms) typ- 8 uVv

Ripple rejection (note 6)
f=100 Hz RR typ. 38 dB
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Signetics RF Communications

Product specification

1 to 4W audio amplifier with preamplifier

TDA1015

Notes

1. Measured with an ideal coupling capacitor to the speaker load.
2. Measured with a load resistor of 20 k2.

3. Measured at P, = 1 W; the frequency response is mainly determined by C1 and C3 for the low
frequencies and by C4 for the high frequencies.

4. Independent of load impedance of preamplifier.
5. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave).

8. Ripple rejection measured with a source impedance between 0 and 2 k2 (maximum ripple

amplitude : 2 V).

7. The tab must be electrically floating or connected to the substrate (pin 9).

/4
Cé6 f ripple voltage

c2
= uF R1 100nFT meter
+ —1 % \V] >.———0 +
5 300k 3 = 5200F
TDA1015 4-[;ﬂ},
c1 \I\ ey +:L
100 uF
o— 31— preAwmP. POWER 2 - co
AMP.
100nF //////’ i tmF
. P
c8
100nF
v 9 l; 6 1 RL
R2 4Q
c3
100nF H 479
—=ca
6,8 nF
O- ! I o-
& 7289094.1

Fig. 3 Test circuit.
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Product specification

1 to 4W audio amplifier with preamplifier

TDA1015

APPLICATION INFORMATION

£ e

c9
fTIHF R +] 10uF
17— < — 0+
Q C6
330k
5 3 220nF
TDA1015 4 —
l\ o
c1 *[ 100 uF +
o —+24 PrEAWP. POWER 2 c10
" AMP.
680 uF
11F J V,
c8=—/= P
100 nF
) R
V; =F: c3 9 |7 |6 1 "3 45
100pF c4 R2 479
100 Cc5
nF 56KkQ == 138
o nF y _
»/ 7289095
Fig. 4 Circuit diagram of a 1 to 4 W amplifier.
40 7289097 .
Itot
(mA)
20
——
L+
typ
—
/,
A
-
0
0 10 20 Vp (V) 30

Fig. 5 Total quiescent current as a function of supply voltage.
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TDA1015

Signetics RF Communications

1 to 4W audio amplifier with preamplifier

9V 12V
7289093

AN AN
10 ! | I
diot d ,' ',
(%) I I
f
; ,'
! I I
I 1 K
1 | "
] )
5 4
X ]
I [ I
I i’ I
| ]
25 / / ,l ll |
; I
,I / ,l I/ /
[ —— ————
107" 1 Po (W) 10
with bootstrap;

1072
Fig. 6 Total harmonic distortion as a function of output power across R ;
— — — without bootstrap; f = 1 kHz; typical values. The available output power is 5% higher when

7289096

measured at pin 2 (due to series resistance of C10).
5 y.
V
Po
(W) ‘ //
4
RL=4Q 8
25
P
4/ d
/f
P <
V'
ar”d
10 15 Vp (V) 20

0

0 5
Fig. 7 Output power across R|_as a function of supply voltage with bootstrap; diot = 10%; typical
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C10)
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Product specification
1 to 4W audio amplifier with preamplifier TDA1015
7278637.1
10
P0
(dB)
typ
0 — S
e N
o ~
AN
y 4 N
4 AN
\
-10 / Y
-20
10 102 103 104 f (Hz) 105

Fig. 8 Voltage gain asé function of frequency; Py relative to 0dB = 1W; Vp=12V; R =4 Q.

7278636.1
10

tot
(%)

7.5

2,5

typ

0

10 102 103 104 f(Hz)  10°
Fig. 9 Total harmonic distortion as a function of frequency; Po = 1W;Vp=12V; R| =4 Q.
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Product specification
1 to 4W audio amplifier with preamplifier TDA1015
60 7278635.1
RR
(dB) -
j,
[ f=1kHz =
40 ”'/
——100 Hz o
20
0
1 10 R2 (k) 102
Fig. 10 Ripple rejection as a function of R2 (see Fig. 4); Rg = 0; typical values.
7278633.1
600 ]
Rg=82kQ
Vn
(uV)
400 N
N
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N\
\\
I~
Rg=0
— S
200 -
— .
0
1 10 R2 (k) 102

Fig. 11 Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor
25 is adapted for obtaining a constant bandwidth.
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1 to 4W audio amplifier with preamplifier TDA1015
102 7278632.1
a
AN
? N
Vn(rms) ™
(uV) N

10 AN

N
<

10~ 2 10— 1 f (MHz) 10

1

Fig. 12 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power
amplifier; B = 5 kHz; Rg = 0; typical values.

60 7278634.1
GV ——
(dB) -
yp
40 -
20
0
1 10 R2 (k) 102

Fig. 13 Voltage gain as a function of R2 (see Fig. 4).
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Signetics RF C Icatl Preliminary specification

2 to 6W audio power amplifier with preamplifier TDA1011A

The TDA1011A is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic
package. The device is especially designed for portable radio and recorder applications and delivers up
to 4 W in a 4 Q load impedance. The device can deliver up to 6 W into 4  at 16 V loaded supply in
mains-fed applications. The maximum permissible supply voltage of 24 V makes this circuit very
suitable for d.c. and a.c. apparatus, while the low applicable supply voltage of 5,4 V permits 9 V
applications. The power amplifier has an inverted input/output which makes the circuit optimal for
applications with active tone control and spatial stereo. Special features are:

single in-line (SIL) construction for easy mounting

separated preamplifier and power amplifier

high output power

thermal protection

high input impedance

low current drain

limited noise behaviour at radio frequencies

QUICK REFERENCE DATA

Supply voltage range Vp 54t020 V
Peak output current lom  max. 3 A
Output power at diot = 10%

Vp=16V; R =4 Q Po typ. 65 W

Vp=12V; R =4 Q Po typ. 42 W

Vp= 9V;RL.=4Q Po typ. 23 W

Vp= 6V;R . =4Q Po typ. 1.0W
Total harmonic distortion at Po = 1W; R =4 Q diot  typ. 02 %
Input impedance

preamplifier (pin 8) lzi| > 100 kQ
Total quiescent current ltot  typ. 14 mA
Operating ambient temperature Tamb —25to+ 150 °C
Storage temperature Tstg —55to+ 150 oC
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Signetics RF Communications

2 to 6W audio power amplifier with preamplifier TDA1011A
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage Vp max. 24 V
Peak output current lom  max. 3 A
Total power dissipation see derating curve Fig. 2
Storage temperature Tstg —55to+150 OC
Operating ambient temperature Tamb —25to+ 150 ©C
A.C. short-circuit duration of load
during sine-wave drive; Vp = 12 V tsc max. 100 hours
75 7278628.2
Ptot
(W)
5 P
infinite
heatsink
o
25 ™ without
¢ N _heatsink
e
0 o
-25 0 +50 +100 +150 T, (°C)

Fig. 2 Power derating curve.

HEATSINK DESIGN

Assume Vp =12 V; R|_ =4 Q; Tymp = 60 °C maximum; P, =3,8 W.

The maximum sine-wave dissipation is 1,8 W.

The derating of 10 K/W of the package requires the following external heatsink (for sine-wave drive):

150 — 60
Rthja = Rthj-tab * Rthtab-h * Rthha =—a %0 K/W.

Since R¢h j-tab = 10 K/W and Rth tap-h = 1 K/W, Rtp pg =50 —(10+1) = 39 K/W.
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Signetics RF Communications Preliminary specification

2 to 6W audio power amplifier with preamplifier TDA1011A

D.C. CHARACTERISTICS

Supply voltage range Vp 54to 20V
Repetitive peak output current IoORM < 2 A

- _ typ. 14 mA
Total quiescent current at Vp =12V ltot < 22 mA

A.C. CHARACTERISTICS
Tamb =25 9C; Vp=12V; R =4 Q; f = 1 kHz unless otherwise specified; see also Fig. 3.

A.F. output power at digt = 10% (note 1)
with bootstrap:

Vp=16V;R_ =4Q Po typ. 65 W
> 36 W

Vp=12V;R_ =4Q Po typ. 42 W

Vp= 9V;R_ =4Q Po typ. 23 W

Vp= 6V;R =48Q Po typ. 1.0W

without bootstrap:

Vp=12V;R_ =4 Q Po typ. 35 W

Voltage gain:

e typ. 23 dB
preamplifier (note 2) Gy1 21 t0 25 dB
power amplifier (note 3) Gy2 typ. 29 dB
total amplifier (note 3) Gy tot typ. 52 dB

N 0
Total harmonic distortion at P, = 1,6 W dtot 'zlp. 0'? ;’
0
Frequency response; —3 dB (note 4) B 60 Hz to 15 kHz
ot 2] 2 Ik
preampfitier inote i1 typ. 200 kQ
Output impedance preamplifier I Zo1 | typ. 1 k2
Output voltage preamplifier (r.m.s. value)
dtOt < 1% (note 2) Vo(rms) > 1,2 \Y
Noise output voltage (r.m.s. value; note 6)
Rg=08 Vn(rms) typ. 0,5 mV
Rg=10kQ Vn(rms) typ. 08 mV
Noise output voltage at f = 500 kHz (r.m.s. value)
B=5kHz; Rg=0Q Vn(rms) typ. 8 uVv
Ripple rejection (note 6)
f=1+to 10 kHz RR typ. 42 dB
f=100 Hz; C2=1uF RR > 35 dB
Bootstrap current at onset of clipping; pin 4 (r.m.s. value) 14(rms) typ. 35 mA
Stand-by current at maximum Vp (note 8) Isb < 100 pA
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Signetics RF Communications Preliminary specification

2 to 6W audio power amplifier with preamplifier TDA1011A

Notes

1. Measured with an ideal coupling capacitor to the speaker load.
2. Measured with a load resistor of 20 k2.

3. Measured with R2 = 20 k2.
4

. Measured at Pg = 1 W; the frequency response is mainly determined by C1 and C3 for the low
frequencies and by C4 for the high frequencies.

5. Independent of load impedance of preamplifier.
6. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave).

7. Ripple rejection measured with a source impedance between 0 and 2 k2 (maximum ripple
amplitude: 2 V).

8. The total current when disconnecting pin 5 or short-circuited to ground (pin 9).
9. The tab must be electrically floating or connected to the substrate (pin 9).

V. /
V.
ipp! It
C2 Tstand -by cé f R otor age
100nF T R1 300kS awitch 100nFT
| Vo
5 3 -/
S50nF
TDA1011A 4 T
¢l \I\ 106 '
o—| 21— PREAMP. POWER 2
AMP.
100 nF 1000
cs L v
100nF T P
Vi 9 -|-7 6 1 R,_
c3 2“3 R3 4Q
100nF oo 479
ca
(L ~ 6,8 nF=T" )

e ‘\)—
;/ 7284190.1

Fig. 3 Test circuit.
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2 to 6W audio power amplifier with preamplifier TDA1011A

APPLICATION INFORMATION

V.
CZT :ﬁCQ

WwFT,  R1330kQ ;T‘myF
— O +
Locs

5 3 '1"150nF
TDA1011A sl
\I\ c7
POWER 2 '00WFl 4] c10

o] .

8
o[+ PREAMP. oME! 680
‘ 1uF . uF
V.

cs Vp
100nF R
L
i 9 7 6 1
1 !
=—=C3 C4-L R3 40
100pF [100nF | _R2 479
68c’5: 20k$2
,on
! . T

J/ ) ETTVIIIRR
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Fig. 4 Circuit diagram of a 4 W amplifier.
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Fig. 5 Total quiescent current as a function of supply voltage.
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1

dtot
(%)

2 to 6W audio power amplifier with preamplifier TDA1011A
7278631.1 Vp8&V }V\ 12I\< 1?\/ 146\/
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Fig. 6 Total harmonic distortion as a function of output power across Ry ; with bootstrap;
— — — without bootstrap; f = 1 kHz; typical values. The available output power is 5% higher when
measured at pin 2 (due to series resistance of C10).
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Fig. 7, Output power across R|_ as a function of supply voltage with bootstrap; dygt = 10%; typical
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C1
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2 to 6W audio power amplifier with preamplifier TDA1011A
102 7278632.1
a
— ‘\\
Vn(rms) b ™
(uV) N

10 -

A

N\

10—2 10~1 1 f (MHz) 10

Fig. 8 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power
amplifier; B = 5 kHz; Rg = 0; typical values.
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Signetics RF Communications Development Data

4W amplifier with DC volume control TDA1013B
—

GENERAL DESCRIPTION

The TDA1013B is an integrated audio amplifier circuit with DC volume control, encapsulated in a
9-lead single in-line (SIL) plastic package. The wide supply voltage range makes this circuit ideal for
applications in mains and battery-fed apparatus such as television receivers and record players.

The DC volume control stage has a logarithmic control characteristic with a range of more than 80 dB;
control is by means of a DC voltage variable between 2 and 6.5 V.

The audio amplifier has a well defined open loop gain and a fixed integrated closed loop. This device
requires only a few external components and offers stability and performance.

Features

® Few external components ® Fixed gain

® Wide supply voltage range ® High signal-to-noise ratio
® Wide control range ® Thermal protection

® Pin compatible with TDA1013A

QUICK REFERENCE DATA

parameter conditions symbol min. | typ. | max. | unit
Supply voltage Vp ] 10 18 40 Vv
Repetitive peak output '
current lIORM - - 1.5 A

Total sensitivity Po=25W;

DC control at max. gain | Vj 44 55 .69 mV
Audio amplifier
Output power THD = 10%; R =8 Q Po 4.0 4.2 — w
Total harmonic distortion Po =25W; R =88 THD - 0.15 | 0.1 | %
Sensitivity Po=25W Vi 100 | 125 | 160 | mV
DC volume control unit
Gain control range IAGy| 80 - — dB
Signal handling THD < 1%;

DC control = 0 dB Vi 1.2 1.7 - \Y
Sensitivity (pin 6) Vo =125mV;

max. voltage gain A 39 45 55 mV
Input impedance (pin 8) 1Zl 23 29 35 k&
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4W amplifier with DC volume control TDA1013B

4 3

TDA1013B

8 \
+ {
2
29 kQ ya
* input reference [ 200 k2

voltage A
5813 Q
input reference C
voltage B 167 Q

=

| 7221638.1

Fig.1 Block diagram.

PINNING
signal ground
amplifier output
supply voltage
electronic filter

control unit output

control voltage

1

2

3

4

5  amplifier input
6

7

8  control unit input
9

power ground
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Signetics RF Communications Development Data \

4W amplifier with DC volume control TDA1013B
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage Vp - 40 \%
Non-repetitive peak output current losm - 3 A E
Repetitive peak output current loRM - 15 A
Storage temperature range Tstg —65 + 150 oc
Crystal temperature Te - + 150 oC
Total power dissipation Ptot see Fig. 2
i
20 7221647
Ptot
W)
15
N
N
10 A\

N

5 \\
0 il
-25 0 50 100 150
0,
Tamb (°C)

infinite heatsink
—————— without heatsink

Fig.2 Power derating curve.

HEATSINK DESIGN EXAMPLE

Assume Vp = 18 V; R|_ =8 Q; Tamp = 60 °C; T, = 150 °C (max.); for a 4 W application, the maximum
dissipation is approximately 2.5 W. The thermal resistance from junction to ambient can be expressed
as:

Rthj-a= Rthj-tab * Rth tab-h + Rth h-a =

Tj max — Tamb max - 150 — 60

= K/W
Prmax 25 36K/

Since Rh j-tab = 9 K/W and R tap-h = 1 K/W, Rih h.a = 36 — (9 + 1) = 26 K/W.
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Signetics RF Communications Development Data
4W amplifier with DC volume control TDA1013B
CHARACTERISTICS
Vp=18V; R =8Q; f=1kHz; Tymp = 25 °C; see Fiy.10; unless otherwise specified
parameter conditions symbol | min. | typ. max. | unit
Sunply voltage range Vp 10 18 40 \)
Total quiescent current ltot - 25 60 mA
Noise output voltage note 1
at maximum gain Rg=08 Vn - 0.5 - mV
at maximum gain Rg =5k Vi - 0.6 1.4 | mV
at minimum gain Rg=08 Vi - 0.25 - mV
Total sensitivity Po =25W;
DC control at max. gain | V; 44 55 69 mV
Audio amplifier
Repetitive peak output
current lorRM | — - 15 | A
Output power THD = 10%; R_ =8 Po 4.0 4.2 — w
Total harmonic distortion Po=25W;R =8Q THD - 0.15 1.0 | %
Sensitivity Po =25W Vi 100 125 160 | mV
Input impedance (pin 5) 1Z;l 100 | 200 500 | k&
Power bandwidth Bp - 30 to
40000 | — Hz
DC volume control unit
Gain control range |AGy| 80 90 - dB
Signal handling THD < 1%;
DC control = 0 dB Vi 1.2 1.7 - \
Sensitivity (pin 6) Vo =125 mV;
max. voltage gain Vi 39 44 55 mV
Input impedance (pin 8) 1Zj] 23 29 35 kQ
Output impedance (pin 6) 1Zol 45 60 75 Q

Note to the characteristics

1. Measured in a bandwidth in accordance with IEC 179, curve ‘A’.
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4W amplifier with DC volume control TDA1013B

APPLICATION INFORMATION

7Z221640.1

i |

160/

w /
. 80/ / 250

/ 1/
[ /X
) /

4

0 10 20 30 40
Vp(v)

Fig.3 Output power as a function of supply voltage; f = 1 kHz;
THD = 10% and control voltage (V7) =6.5 V.
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2 // / T~
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0
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Fig.4 Power dissipation as a function of output power; Vp =18 V;
f=1kHz; R =8 £ and control voltage (V7) =6.5 V.
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4W amplifier with DC volume control TDA1013B

APPLICATION INFORMATION (continued)

7221642

10 102 108 104 105

Fig.5 Power bandwidth; Vp =18 V; R|_ =8 Q;
THD = 10% and control voltage (V7) =6.5 V.

7221643

THD
(%)

0
10 102 108 104 105
f (Hz)

Fig.6 Total harmonic distortion as a function of frequency;
Vp=18V; R =8 Q; Py =2.5W and control voltage = 6.5 V.
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Development Data
4W amplifier with DC volume control TDA1013B
10 7221644
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Fig.7 Total harmonic distortion as a function of output power;
Vp =18 V; R|_=8 Q and control voltage =6.5 V.
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Fig.8 Typical control curve.
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4W amplifier with DC volume control TDA1013B

APPLICATION INFORMATION (continued)

0.6 7221646
Vﬂ
(mV) \

0.4 \\
0.2

0

0 2 4 6 8
V7 (V)

Fig.9 Noise output voltage as a function of the control voltage; Vp = 18 V;
R =8 Q (in accordance with |EC 179, curve ‘A’).
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(1) Belongs to power supply circuitry.

Fig.10 Application diagram.
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Signetics RF Communicati Preliminary specification
s

1 Watt low voltage audio power amplifier . TDA7052

GENERAL DESCRIPTION

The TDA7052 is a mono output amplifier in a 8-lead dual-in-line (DIL) plastic package. The device is
designed for battery-fed portable audio applications.

Features:

No external components

No switch-on or switch-off clicks
Good overall stability

Low power consumption

No external heatsink required
Short-circuit proof

QUICK REFERENCE DATA

parameter conditions symbol min. typ. max. unit
Supply voltage range Vp 3 6 15 \
Total quiescent current R =oe ltot - 4 8 mA
Voltage gain Gy 39 40 41 dB
Output power THD = 10%; 8 2 Py — 1,2 — w
Total harmonic distortion Po=0,1W THD - 0,2 1,0 %
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Preliminary specification

1 Watt low voltage audio power amplifier

TDA7052

PINNING

1 Vp

2 IN

3 GND1
4 n.c.

July 1990

input

w

ground

{signal)

—— 1
I+i AlI> 5 output 1
TDA7052
—— 1
(eall l\ 8 output 2

Te

supply voltage
input

ground (signal)
not connected

Jyground (substrate) 7225008
7

Fig. 1 Block diagram.

5 ouT1
6 GND2
7 n.c.

8 ouT2
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output 1

ground (substrate)
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output 2



Signetics RF Communications Preliminary specification

1 Watt low voltage audio power amplifier TDA7052

FUNCTIONAL DESCRIPTION

The TDA7052 is a mono output amplifier designed for battery-fed portable audio applications, such

as tape recorders and radios.

The gain is fixed internally at 40 dB. A large number of tape recorders and radios are still designed

for mono sound, plus a space-saving trend by reduction of the number of battery cells. This means a
decrease in supply voltage which results in an reduction of output power. To compensate for this
reduction, the TDA7052 uses the Bridge-Tied-Load principle (BTL) which can deliver an output power
of 1,2 W (THD = 10%) into an 8 £ load with a power supply of 6 V. The load can be short-circuited

at each signal excursion.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage Vp - 18 \
Non-repetitive peak output current losm — 1,5 A
Total power dissipation Ptot see Fig. 2
Crystal temperature Te - 150 oC
Storage temperature range Tstg —65 +150 | °C
1200 7225007
Ptot
(mW)

400

0
-25 0 50 100 150
Tamb (°C)

Fig. 2 Power derating curve.

POWER DISSIPATION
Assume Vp =6 V; R| =8 Q; Tymp = 50 ©C maximum.
The maximum sinewave dissipation is 0,9 W.

Rthja = 158 '950 ~ 110 K/W.

Where R, j.5 of the package is 110 K/W, so no external heatsink is required.
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1 Watt low voltage audio power amplifier TDA7052
CHARACTERISTICS
Vp=6V; R =8Q;f=1kHz Tymp = 25 OC; unless otherwise specified.
parameter conditions symbol min. typ. max. | unit
Supply
Supply voltage range Vp 3 6 15 \
Total quiescent current R =00 ltot - 4 8 mA
Voltage gain Gy 39 40 41 dB
Output power THD = 10% Py * 1,2 - w
Noise output voltage
(RMS value)
note 1 Vino(rms) | — 150 300 | wVv
note 2 Vino(rms) | — 60 - uv
Frequency response fr - 20 Hz to — Hz
20 kHz
Supply voltage ripple rejection note 3 SVRR 40 50 - dB
DC output offset voltage
pin 5 to 8 Rg =5kQ AVg.g - - 100 | mV
Total harmonic distortion Po=0,1W THD - 0,2 1,0 %
Input impedance 1Z)] - 100 - k2
Input bias current Ibias - 100 300 | nA

Notes to the characteristics
1. The unweighted RMS noise output voltage is measured at a bandwidth of 60 Hz to 15 kHz with a
source impedance {Rg) of 5 k2.

2. The RMS noise output voltage is measured at a bandwidth of 5 kHz with a source impedance of 0 £
and a frequency of 500 kHz. With a practical load (R = 8 §2; L = 200 uH) the noise output current
isonly 100 nA.

3. Ripple rejection is measured at the output with a source impedance of 0 £ and a frequency between
100 Hz and 10 kHz. The ripple voltage = 200 mV (RMS value) is applied to the positive supply rail.
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1 Watt low voltage audio power amplifier TDA7052

APPLICATION INFORMATION

+—— Vp=6V

+
100nF $ 220uF

I

——
N s
vi 2 TDA7052 V-

Rg =
5kQ

il

l GND

% 7225009

Fig. 3 Application diagram.
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1-Watt low voltage audio power amp with DC

TDA7052A/AT
volume control
]

FEATURES GENERAL DESCRIPTION

e DC volume control The TDA7052A/AT are mono BTL

« Few external components output amplifiers with.DC volume '

control. They are designed for use in

* Mute mode TV and monitors, but also suitable

o Thermal protection for battery-fed portable recorders

o Short-circuit proof and radios.

* No switch on and off clicks

o Good overall stability ORDERING INFORMATION

o Low power consumption EXTENDED PACKAGE

¢ Low HF radiation TYPENUMBER | pINS | PIN POSITION | MATERIAL CODE

¢ ESD protected on all pins TDA7052A 8 DIL plastic soT97

TDA7052AT 8 mini-pack plastic SOT96A
QUICK REFERENCE DATA
SYMBOL PARAMETERS CONDITIONS MIN. TYP. MAX. UNIT
Ve supply voitage range 45 - 18 \
Po output power
in 8 Q (TDA7052A) Vp=6V 1 1.1 - w
in 16 Q (TDA7052AT) V=6V 0.5 0.55 - w

G, maximum total voltage gain 35 36 37 dB

[} gain control range 75 80 - dB

lp total quiescent current Ve=6V;R = |- 6 12 mA

THD total harmonic distortion Po=05W - 0.2 1 %
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1-Watt low voltage audio power amp with DC

TDA7052A/AT
volume control
Ve
|1
ne. —— TDA7052A
TDA7052AT L I\
= ¢ l/ ¢ positive output
2 I
positive input —» l_
BN
DC volume control 4 2>
v
s 1 -] l\ | 8 gative output
+ ol
(D svaBiLiZer |TEMPERATURE _
Vi PROTECTION i
1—3 TG MCD385

signal power
ground ground
Fig.1 Block diagram.
PINNING
SYMBOL PIN DESCRIPTION
vp [1 U 8] ouT- —
P[] 8|ou Ve 1 positive supply voltage
N+ (2] rparosea |21 ne IN+ 2 positive input
anp1 [3] TPATOSPAT 6] G2 GND1 3 signal ground
ve [2] 5] ouT + vC 4 DC volume control
— OuUT+ 5 positive output
GND2 6 power ground
Fig.2 Pinning diagram. nc 7 not connected
OUT- 8 negative output
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Objective specification

1-Watt low voltage audio power amp with DC

volume control

TDA7052A/AT

FUNCTIONAL DESCRIPTION

The TDA7052A/AT are mono BTL
output amplifiers with DC volume
control, designed for use in TV and
monitors but also suitable for battery
fed portable recorders and radios.
In conventional DC volume circuits
the control or input stage is AC
coupled to the output stage via
external capacitors to keep the
offset voltage low.

In the TDA7052A/AT the DC volume
control stage is integrated into the
input stage so that no coupling
capacitors are required and yet a
low offset voltage is maintained. At
the same time the minimum supply
remains low.

The BTL principle offers the
following advantages:

o Lower peak value of the supply
current

o The frequency of the ripple on
the supply voltage is twice the
signal frequency.

Thus a reduced power supply with
smaller capacitors can be used
which results in cost savings.

For portable applications there is a
trend to decrease the supply
voltage, resulting in a reduction of
output power at conventional output
stages. Using the BTL principle
increases the output power.

The maximum gain of the amplifier
is fixed at 36 dB. The DC volume
control stage has a logarithmic
control characteristic.

The total gain can be controlled from
36 dB to —44 dB. If the DC volume
control voltage is below 0.3 V, the
device switches to the mute mode.
The amplifier is short-circuit proof to
ground and V,. Also a thermal
protection circuit is implemented. If
the crystal temperature rises above
150 °C the gain will be reduced, so
the output power is reduced.
Special attention is given to switch
on and off clicks, low HF radiation
and a good overall stability.

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134)

SYMBOL PARAMETER CONDITIONS MiN. MAX. UNIT
Ve supply voltage range - 18 v
lorm repetitive peak output current - 1 A
losm non-repetitive peak output current - 1.5 A
Pt total power dissipation Tamb < 25%

TDA7052A - 1.25 W

TDA7052AT - 0.64 w
Tamb operating ambient temperature range -40 85 °C
Tag storage temperature range -55 150 °C
Ty virtual junction temperature - 150 °C
Te short-circuit time - 1 hr
Vv, input voltage pin 2 - 8 \
V, input voltage pin 4 - 8 \Y
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1-Watt low voltage audio power amp with DC TDA7052A/AT
volume control

THERMAL RESISTANCE
SYMBOL PARAMETER TYP. MAX. UNIT
Rt j-a from junction to ambient in free air
TDA7052A - 100 KW
TDA7052AT - 155 KW
Note

TDA7052A: Vo =6 V; R =8 Q.

The maximum sine-wave dissipation is 0.9 W.
Therefore T,npmax = 150 - 100 x 0.9 = 60 °C.
TDA7052AT: Vo, =6V; R =16 Q.

The maximum sine-wave dissipation is 0.46 W.
Therefore Tymomax = 150 - 155 x 0.46 = 78 °C,
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Objective specification
1-Watt low voltage audio power amp with DC TDA7
volume control 0S2A/AT
CHARACTERISTICS
Ve =6V, T, =25 °C; f = 1 kHz; unless otherwise specified (see Fig.6).

TDA7052A: R =8 Q;
TDA7052AT: R = 16 Q;

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Ve supply voltage range 45 - 18 \
Ip total quiescent current Ve=6V,R = - 6 12 mA

note 1
Maximum gain; V,= 1.4V
Po output power THD = 10%
TDA7052A 1 1.1 - W
TDA7052AT 0.5 0.55 - w
THD total harmonic distortion
TDA7052A Po=0.5W - 0.2 1 %
TDAT7052AT Po=0.25W - 0.2 1 %
Gy voltage gain 35 36 37 dB
V, input signal handling V,=1V;THD < 1% 0.6 - - \
Vroirms) noise output voltage (RMS f =500 kHz; - tof - uv
value) note 2
B bandwidth - 20Hzto |-
20 kHz
RR ripple rejection note 3 40 - - dB
(\"] DC output offset voltage - tbf 150 mV
Z, input impedance (pin 2) 15 20 25 kQ
Minimum gain; V,=0.5V
G, voltage gain - —44 - dB
Voo(rms) noise output voltage RMS note 4 - 20 30 v
value)
Mute position
Vo I output voltage in mute position |V,<0.3V;V,=600mV [— - 130 va
DC volume control
(] gain control range 75 80 - dB
ls control current V,=04V tbf 65 tof uA

Notes to the characteristics

1. With a load connected to the outputs the quiescent current will increase, the maximum value of this increase being

equal to the DC output offset voltage dividend by R, .

2. The noise output voltage (RMS value) at f = 500 kHz is measured with Rg = 0 Q and bandwidth = 5 kHz.
3. The ripple rejection is measured with Rg = 0 Q and f = 100 Hz to 10 kHz. The ripple voltage of 200 mV, (RMS

value) is applied to the positive supply rail.
4. The noise output voltage (RMS-value) is measured with Rg = 5 kQ unweighted.
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1-Watt low voltage audio power amp with D
g P P c TDA7052A/AT
volume control
MCD388 MCD389
.40 1000
gain y Vnoise
(@) ' (V)
20 800
. /
600 l
// /
y 400
- 40 / /
_60 ] 200 )
V
-80 0
0 04 08 1.2 16 20 0 0.4 0.8 1.2 16 20
Vi (V) Vy V)
Fig.3 Gain control as a function of DC volume Fig.4 Noise output voltage as a function of DC
control. volume control.
MCD390
100
la
(A)
60
]
20 1
” //
20 ]
- L~
A
-60 4
- 100
0 0.4 0.8 1.2 1.6 20
Vg (V)
Fig.5 Control current as a function of DC
volume control.
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1-Watt low voltage audio power amp with DC
volume control TDA7052A/AT

APPLICATION INFORMATION

Vp=6V

n.c. —

TDA7052A

i

TDA7052AT
positive l/
input O'j—: KF 2
ik > 1 R, =8Q
L
4 L—§> [] (TDA7052A)
/ R =160
(TDA7052A/AT)
«— - '\ 8| -
R [] 5kQ l/
S . " I
/@’ C> STABILIZER | TEMPERATURE
v PROTECTION
ref]
DC [ o)
volume 3 6

control

7;7 MCD386

grou,nd
(1) This capacitor can be omitted if the 220 uF electrolytic capacitor is connected close to pin 1.

Fig.6 Testand application diagram.

100 kQ

MCD387

volume control

Fig.7 Application with potentiometer as volume
control; maximum gain = 30 dB.
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3-Watt mono BTL audio output amplifier TDA7056A
_

FEATURES GENERAL DESCRIPTION

DC volume control The TDA7056A is a mono BTL
output amplifier with DC volume
control. It is designed for use in TV

Few external components

* Mute mode and monitors, but also suitable for
e Thermal protection battery-fed portable recorders and
e Short-circuit proof radios.
» No switch-on and off clicks ORDERING INFORMATION
* Good overall stability
» Low power consumption EXTENDED TYPE PACKAGE
« Low HF radiation NUMBER PINS | PIN POSITION | MATERIAL | CODE
» ESD protected on all pins. TDA7056A 9 SiL plastic SOT110BE
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT

Ve supply voltage range 4.5 - 18 \"

Po output power in 16 Q Vp=12V 3 3.4 - w

G, : voltage gain 35 36 37 dB

[ gain control range 75 80 - dB

lo total quiescent current Vp=12V,R = - 8 16 mA
THD total harmonic distortion Ve=05W - 0.2 1 %
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Objective specification

3-Watt mono BTL audio output amplifier TDA7056A

fe 1=

TDA7056A

positive input —

DC volume control

Ly

—» positive output

-» negative output

ref

+
) STABILIZER

TEMPERATURE I
PROTECTION

T-A T7 MGA072

|

Fig.2 Pinning diagram.

August 1991

signal power
ground ground
Fig.1 Block diagram.
PINNING
SYMBOL PIN DESCRIPTION
e 1] Y
n.c. 1 not connected
ve [2] Ve 2 | positive supply voltage
vi (3] Vi 3 |voltage input
onot 4] GND1 4  |signal ground
vc [5] Toa7o0s6A vC 5 | DC volume control
ouT+ [6] OuT+ 6 positive output
ano2 [7] GND2 7 power ground
out- [&] OouT- 8 negative output
n.c. 9 not connected
nc. E
MGAD71
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Objective specification

3-Watt mono BTL audio output amplifier

TDA7056A

FUNCTIONAL DESCRIPTION

The TDA7056A is a mono BTL
output amplifier with DC volume
control, designed for use in TV and
monitor but also suitable for
battery-fed portable recorders and
radios.

In conventional DC volume circuits
the control or input stage is AC
coupled to the output stage via
external capacitor to keep the offset
voltage low.

In the TDA7056A the DC volume
stage is integrated into the input
stage so that coupling capacitors
are not required and a low offset
voltage is maintained.

At the same time the minimum

supply voltage remains low.
The BTL principle offers the
following advantages:

¢ lower peak value of the supply
current

o the frequency of the ripple on the
supply voltage is twice the signal
frequency

Thus, a reduced power supply and
smaller capacitors can be used
which results in cost savings.

For portable applications there is a
trend to decrease the supply
voltage, resulting in a reduction of
output power at conventional output
stages. Using the BTL principle
increases the output power.

The maximum gain of the amplifier
is fixed at 36 dB. The DC volume
control stage has a logarithmic
control characteristic.

The total gain can be controlled from
36 dB to -44 dB.

If the DC volume control voltage is
below 0.3 V, the device switches to
the mute mode.

The amplifier is short-circuit proof to
ground and V.. Also a thermal
protection circuit is implemented. If
the crystal temperature rises above
150 °C the gain will be reduced, so
the output power is reduced.
Special attention is given to
switch-on and off clicks, low HF
radiation and a good overall stability.

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
Ve supply voltage range - 18 \%
lorm repetitive peak output current - 1 A
losm non repetitive peak output current - 15 A
Pyt total power dissipation Tease < 60 °C - 9 W
Tamb operating ambient temperature range -40 85 °C
Tag storage temperature range -55 150 °C
Ty virtual junction temperature - 150 °C
Te short-circuit time - 1 hr
a3 input voltage pin 3 - 8 \
\'A input voltage pin & - 8 \
THERMAL RESISTANCE
SYMBOL PARAMETER TYP. MAX. UNIT
Rin je from junction to case - 10 Kw
Rt ja from junction to ambient in free air - 55 kW
Note

Ve =12 V; R = 16 Q; The maximum sine-wave dissipation is = 1.8 W. The Ry, ,;,, of the package is 55 K/W;

Tamb (rw = 150 =56 x 1.8 =51 °C
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3-Watt mono BTL audio output amplifier TDA7056A
CHARACTERISTICS
Ve =12V, f=1kHz; R = 16 Q; T, = 25 °C; unless otherwise specified (see Fig.6)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
Ve supply voltage range 45 - 18 v
le total quiescent current Ve=6V;R_=e; note 1 - 8 16 mA
Maximum gain (Vs = 1.4 V)

Po output power THD = 10% 3 34 - W
THD total harmonic distortion Po=05W - 0.2 1 %
G, voltage gain 35 36 37 dB
v, input signal handling Vo=1V;THD < 1% 0.6 - - \
Vroims) noise output voltage (RMS f = 500 kHz; note 2 - tbf - my
value)
B bandwidth - 20 Hz to -
20 kHz
RR ripple rejection note 3 40 - - dB
Vel DC output offset voltage - tbf 150 mV
Z, input impedance pin 3 15 20 25 kQ
Minimum gain (Vs = 0.5 V)
G, voltage gain - -44 - dB
Vroims) noise output voltage (RMS note 4 - 20 30 v
value)
Mute position
Vo |output voltage in mute position |V, <0.3V;V,=600 mV I - I - I 30 ipv
DC volume control
[} gain control range 75 80 - dB
I control current V=0V tof 65 tbf HA

Notes to the characteristics

1. With a load connected to the outputs the quiescent current will increase, the maximum value of this increase being
equal to the DC output offset voltage divided by R,.

2. The noise output voltage (RMS value) at f = 500 kHz is measured with R, = 0 Q and bandwidth = 5 kHz.

3. The ripple rejection is measured with Rg = 0 Q and f = 100 Hz to 10 kHz. The ripple voltage of 200 mV (RMS value)
is applied to the positive supply rail.

4. The noise output voltage (RMS value) is measured with Rg = 5 kQ unweighted.
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3-Watt mono BTL audio output amplifier . ‘ TDA7056A
MGA075 MGA076
40 1000
gain “ Vnoise
(dB)
20 (uv) 000 L
0 y/
/ 600 /
-20 // /
) 400
-40 / /
60 / 200 /
/
~80 0
0 0.4 0.8 12 16 20 0 0.4 08 1.2 16 2.0
Vs (V) Vs (V)
Fig.4 Noise output voltage as a function of DC
Fig.3 Gain as a function of DC volume control. volume control.
MGA077
100
's
(1A)
60
P
20 -
///
-20 e
.~
-60
-100
0 04 0.8 1.2 1.6 20
V5 (V)
Fig.5 Control current as a function of DC
volume control.
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Objective specification

3-Watt mono BTL audio output amplifier TDA7056A
APPLICATION INFORMATION
) y
P
i‘ 100 nF % 220 uF
2
n.c. ———1—
e 1o TDA7056A . l I\ I o .
P 047w , l/[
1
5 L_‘\\‘
N } > [] R =169
— 1= | '\ ’ 8] _
Rg U 5kQ . — l{
/@’ C) STABILIZER | TEMPERATURE ‘
Vet PROTECTION
volume T T
control
% MGA073
ground

M

Fig.6 Test and application diagram.

This capacitor can be omitted if the 220 uF electrolytic capacitor is connected close to pin 2.

100 kQ

MGA074

volume control

Fig.7 Application using a potentiometer for
volume control; G, = 30 dB.
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COMPANDOR FAMILY OVERVIEW

NE571 NE572 NE575 NE576 NES577 NES578
Vee 6-24V 6-18V 6-22V 3-7v 2-7v 27V 27v
le 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 NES70F NE5S71F NES572N NES75N NES76N NES77N NE578N
NE: Oto+70 C NES70N NE571N NE572D NE575BK NE576D NE577D NE578D
SA. —40 1o +85 C NE570D NE571D NE5S75
N: Plastic DIP
D: Plastic SO SAST1F SAS72F SAS75N SAS76N SAS77N SAS78N
DJ: SSOP (Shrink Small SA571N SA572N SA575D SA576D SA577D SA578D
 Outiine Package) SA571D SA572D SA575DK
ALC Both Channels Both Channels Both Channels Right Channel Right Channel | Right Channel Right Channel
Reference Voltage /Erxed'fsvi"i: [ _Fixed 1.8V Fixed 2.5V Vec/2 Vec/2 Vec/2 Vee/2
Unity Gain | 775mVrms 775mVrms 100mVrms 100mVrms ‘ 100mVrms ~ [1OmV to 1V(rms) | 10mV to 1V(rms)
Power Down \_ NO NO NO NO NO NO YES
(170uA)
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
Summing = Summin
Op Amp Capability (DTMF)
- Drive
Capability
Applications . "
High Performance |High Performance |High Performance | Consumer Audio Battery Battery Battery
Cordless Phones udio Circuits udio Circuits udio Circuits Circuits Powered Powered Powered
Cellular Phones Systems Systems Systems
Wireless Mics
@“’e’“s Aud Hi-Fi Hi-Fi “Hi-Fi
onsumer Audio “Hi-Fi “Hi-Fi | i-F “Commercial “C . “Cor sl “C .
Two-way Communications] Commercial Commercial Studio i A i e
Yy Quality" Quality" Quality” Quality Quality’ Quality Quality

NOTE: r:E5750/575;h a{le also Excellent Audio Processor Components for High Performance Cordless and Cellular Applications that Include the Companding Function
*lcc varies with Vec

SUOHDIIUNWIWIOD 4y

ap!ng 10}09]9g Jopuedwo)

soaubis-sjuauodwo) sdijiyd



Signetics RF Communications

Product specification

]

NE570/571/SA571

Compandor

DESCRIPTION

The NE570/571 is a versatile low cost dual

gain control circuit in which either channel

may be used as a dynamic range compressor
or expandor. Each channel has a full-wave

rectifier to detect the average value of the
signal, a linerarized temperature-compen-

sated variable gain cell, and an operational

amplifier.

The NE570/571 is well suited for use in
cellular radio and radio communications

systems, modems, telephone, and satellite

broadcast/receive audio systems.

FEATURES

® Complete compressor and expandor in one

IChip
® Temperature compensated
® Greater than 110dB dynamic range
® Operates down to 6VDC

® System levels adjustable with external
components

@ Distortion may be trimmed out
® Dynamic noise reduction systems

® Voltage-controlled amplifier

APPLICATIONS

® Cellular radio

® Telephone trunk compandor—570

® Telephone subscriber compandor—571
® High level limiter

® Low level expandor—noise gate

©® Dynamic filters

PIN CONFIGURATION

RECT CAP 1 E
RECTIN1 [2]
AGCELLIN1 [3]
ano [4]
iNv.iN1 [5]
RES. Ry 1 [6]
outpuT1 [7]
THD TRIM 1 [

D, F, and N Packages!
—

[16] ReCT CAP 2
[15] RECTIN2
[14] AG CELLIN2
E Vee

[12] INv.IN2

[11] RES. R32

10] OUTPUT 2

9] THD TRIM 2

TOP VIEW
NOTE:
1. SOL - Released in Large SO Package Only.

® CD Player
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE

16-Pin Plastic SOL 0 to +70°C NES70D

16-Pin Cerdip 0 to +70°C NE570F

16-Pin Plastic DIP 0 to +70°C NE570N

16-Pin Plastic SOL 0 to +70°C NE571D

16-Pin Cerdip 0 to +70°C NE571F

16-Pin Plastic DIP 0 to +70°C NE571N

16-Pin Plastic SOL -40 to +85°C SA571D

16-Pin Cerdip -40 to +85°C SA571F

16-Pin Plastic DIP -40 to +85°C SA571N
BLOCK DIAGRAM

THD TRIM ©Q R3Q ® INVERTER IN
GAIN
O OUTPUT
R1 10k
RECTIN RECTIFIER L
‘L RECT CAP
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Compandor NE570/571/SA571
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Maximum operating voltage
Vee 570 24 vDC
571 18
Operating ambient temperature range
Ta NE Oto 70 °C
SA -40 to +85
Pp Power dissipation 400 mwW
AC ELECTRICAL CHARACTERISTICS
Veo = +6V, Ta =25°C; unless otherwise stated.
LIMITS LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE570 NE/SA571% UNITS
MIN TYP MAX MIN TYP MAX
Vee Supply voltage 6 24 6 18 \"
lcc Supply current No signal 3.2 48 3.2 48 mA
lout Output current capability +20 +20 mA
SR Output slew rate +5 +5 Vius
Gain cell distortion? Untrimmed A o 20 %
Resistor tolerance 5 +15 5 +15 %
Internal reference voltage 1.7 1.8 1.9 1.65 1.8 1.95 \
Output DC shift3 Untrimmed +20 +100 +30 +150 mV
Expandor output noise No signal, 15Hz-20kHz! 20 45 20 60 wv
Unity gain level® 1kHz -1 0 +1 -1.5 0 +1.5 dBm
Gain change? 4 10.1 10.2 10.1 dB
Reference drift* 5 +10 +2,-25 | 420, -50 | mV
Resistor drift* +1,-0 +8,-0 %
Tracking error (measured Rectifier input,
relative to value at unity Vp = +6dBm, V4 = 0dB +0.2 +0.2 dB
gain) equals [Vo - Vo (unity
gain)] dB - VodBm V3 =-30dBm, V4 = 0dB +0.2 | -05,+1 +0.2 -1,+15
Channel separation 60 60 dB
NOTES:

QoA ON -

Input to V4 and V; grounded.
Measured at 0dBm, 1kHz.

Expandor AC input change from no signal to 0dBm.
Relative to value at Tp = 25°C.
Electrical characteristics for the SA571 only are specified over -40 to +85°C temperature range.
0dBm = 775mVRgums.

June 7, 1990
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Product specification

Compandor

NE570/571/SA571

CIRCUIT DESCRIPTION

The NE570/571 compandor building blocks,
as shown in the block diagram, are a
full-wave rectifier, a variable gain cell, an
operational amplifier and a bias system. The
arrangement of these blocks in the IC result
in a circuit which can perform well with few
external components, yet can be adapted to
many diverse applications.

The full-wave rectifier rectifies the input
current which flows from the rectifier input, to
an internal summing node which is biased at
Vgee. The rectified current is averaged on an
external filter capacitor tied to the Crect
terminal, and the average value of the input
current controls the gain of the variable gain
cell. The gain will thus be proportional to the
average value of the input signal for
capacitively-coupled voltage inputs as shown
in the following equation. Note that for
capacitively-coupled inputs there is no offset
voltage capable of producing a gain error.
The only error will come from the bias current
of the rectifier (supplied internally) which is
less than 0.1pA.
G o« Y= VRer | avg
R

or

| Vin | avg
G« —--—-——R1

The speed with which gain changes to follow
changes in input signal levels is determined
by the rectifier filter capacitor. A small
capacitor will yield rapid response but will not
fully filter low frequency signals. Any ripple on
the gain control signal will modulate the
signal passing through the variabie gain cell.
In an expander or compressor application,

this would lead to third harmonic distortion,
so there is a trade-off to be made between
fast attack and decay times and distortion.
For step changes in amplitude, the change in
gain with time is shown by this equation.

G(1) = (Ginitiat — Gtinale — /7
+ Gfinar ; T = 10k x Crect

The variable gain cell is a current-in,
current-out device with the ratio loyt/lin
controlled by the rectifier. Iy is the current
which flows from the AG input to an internal
summing node biased at Vger. The following
equation applies for capacitively-coupled
inputs. The output current, loyr, is fed to the
summing node of the op amp.

Vin—Veer _ Vv
Ry Rz

A compensation scheme built into the AG cell
compensates for temperature and cancels
out odd harmonic distortion. The only
distortion which remains is even harmonics,
and they exist only because of internal offset
voltages. The THD trim terminal provides a
means for nulling the internal offsets for low
distortion operation.

In =

The operational amplifier (which is internally
compensated) has the non-inverting input tied
to Vger, and the inverting input connected to
the AG cell output as well as brought out
externally. A resistor, Rj, is brought out from
the summing node and allows compressor or
expander gain to be determined only by
internal components.

The output stage is capable of +20mA output
current. This allows a +13dBm (3.5VRys)
output into a 3002 load which, with a series

resistor and proper transformer, can resultin
+13dBm with a 600Q output impedance.

A bandgap reference provides the reference
voltage for all summing nodes, a regulated
supply voltage for the rectifier and AG cell,
and a bias current for the AG cell. The low
tempco of this type of reference provides very
stable biasing over a wide temperature range.

The typical performance characteristics
illustration shows the basic input-output
transfer curve for basic compressor or
expander circuits.
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+
by
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o
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-
o

&

E & b &

COMPRESSOR INPUT LEVEL OR EXPANDOR OUTPUT LEVEL (dBm)

P

L b

-30 -10 o +10
COMPRESSOR OUTPUT LEVEL

OR
EXPANDOR INPUT LEVEL
(dBm)

Basic Input-Output Transfer Curve

TYPICAL TEST CIRCUIT
A Vcc=15V
| onF L L 1o4F
I I
13 = =
6.11
20k
2.2uF 20k
vi w40
214 710 Vo
\
VREF
O-T 10k
Va ﬁo—'wv— - —"VW—)
2.15 Wk —
4 116 5.12 la.o
Izz 8.2k I 200pF
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INTRODUCTION on the IC). The full-wave averaging rectifier

Much interest has been expressed in high
performance electronic gain control circuits.
For non-critical applications, an integrated
circuit operational transconductance amplifier
can be used, but when high-performance is
required, one has to resort to complex
discrete circuitry with many expensive,
well-matched components. This paper
describes an inexpensive integrated circuit,
the NE570 Compandor, which offers a pair of
high performance gain control circuits
featuring low distortion (<0.1%), high
signal-to-noise ratio (90dB), and wide
dynamic range (110dB).

CIRCUIT BACKGROUND

The NE570 Compandor was originally
designed to satisfy the requirements of the
telephone system. When several telephone
channels are multiplexed onto a common
line, the resulting signal-to-noise ratio is poor
and companding is used to allow a wider
dynamic range to be passed through the
channel. Figure 1 graphically shows what a
compandor can do for the signal-to-noise
ratio of a restricted dynamic range channel.
The input level range of +20 to -80dB is
shown undergoing a 2-to-1 compression
where a 2dB input level change is
compressed into a 1dB output level change
by the compressor. The original 100dB of
dynamic range is thus compressed to a 50dB
range for transmission through a restricted
dynamic range channel. A complementary
expansion on the receiving end restores the
original signal levels and reduces the channel
noise by as much as 45dB.

The significant circuits in a compressor or
expander are the rectifier and the gain control
element. The phone system requires a simple
full-wave averaging rectifier with good
accuracy, since the rectifier accuracy
determines the (input) output level tracking
accuracy. The gain cell determines the
distortion and noise characteristics, and the
phone system specifications here are very
loose. These specs could have been met with
a simple operational transconductance
multiplier, or OTA, but the gain of an OTA is
proportional to temperature and this is very
undesirable. Therefore, a linearized
transconductance multiplier was designed
which is insensitive to temperature and offers
low noise and low distortion performance.
These features make the circuit useful in
audio and data systems as well as in
telecommunications systems.

BASIC CIRCUIT HOOK-UP AND
OPERATION

Figure 2 shows the block diagram of one half
of the chip, (there are two identical channels

June 7, 1990

provides a gain control current, Ig, for the
variable gain (AG) cell: The output of the AG
cell is a current which is fed to the summing
node of the operational amplifier. Resistors
are provided to establish circuit gain and set
the output DC bias.

-80 | -80

Figure 1. Restricted Dynamic Range
ch ;

THOTRM  Rs oy

The circuit is intended for use in single power
supply systems, so the internal summing
nodes must be biased at some voltage above
ground. An internal band gap voltage
reference provides a very stable, low noise
1.8V reference denoted Vpee. The
non-inverting input of the op amp is tied to
VReF, and the summing nodes of the rectifier
and AG cell (located at the right of R4 gﬂd Rz)

‘have the same potential, The THD tri
REF potential.

Flgure 3 shows how the circuit is hooked up
to realize an expandor. The input signal, V|,
is applied to the inputs of both the rectifier
and the AG cell. When the input signal drops
by 6dB, the gain control current will drop by a
factor of 2, and so the gain will drop 6dB. The
output level at Voyr will thus drop 12dB,
giving us the desired 2-to-1 expansion.

Figure 4 shows the hook-up for a
compressor. This is essentially an expandor
placed in the feedback loop of the op amp.
The AG cell is setup to provide AC feedback
only, so a separate DC feedback loop is
provided by the two Rpc and Cpc. The
values of Rpc will determine the DC bias at
the output of the op amp. The output will bias
to:

215 %l Ve PIN13

1 GND PIN 4

CRECT Vour DC = 1 + Boc1 + Roce

Figure 2. Chip Block Diagram Ry
(1 of 2 Channels) Rocror
Vaer = (1 + 30K ) 1.8V
R3
*CiN1 Ry
4G - L o
4+ Vour
Vi \ Re S
v
e Ry I REF
f W VJ - =
NOTE: T ‘crecr
cam « 253 Vintam =
Ry Rp lg
Ig = 140pA
*EXTERNAL COMPONENTS
Figure 3. Basic Expander
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The output of the expander will bias up to:
Ry
Vour DC =1 + — V,
out Ra REF

20k
Vrer = (1 +W) 1.8V = 3.0V
The output will bias to 3.0V when the internal
resistors are used. Extel
placed in series with Rg, (which will affect the
gain), or in parallel with R, to raise the DC
bias 10y desirod valu.

i
VIN
Ry

2R3 ViNavg
Ig = 1404A
External components

NOTES: _12_
Ry Ry I,
GAIN = (l_”_)

Figure 4. Basic Compressor

<« 1=V|N/Ry V4

Ry
AN
VIN

Rg
10k
Cr la

Figure 5. Rectifier Concept

CIRCUIT DETAILS—RECTIFIER
Figure 5 shows the concept behind the
full-wave averaging rectifier. The input current
to the summing node of the op amp, V|NRy, is
supplied by the output of the op amp. If we
can mirror the op amp output current into a
unipolar current, we will have an ideal
rectifier. The output current is averaged by
Rs, CR, which set the averaging time
constant, and then mirrored with a gain of 2
to become Ig, the gain control current.
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Vs

Q7

Qs

F CR

27 o
A
' = J
-~ Kos .
4 ? 12 I
V-
NOTE: v

Figure 6. Simplified Rectifier Schematic

Figure 6 shows the rectifier circuit in more
detail. The op amp is a one-stage op amp,
biased so that only one output device is on at
a time. The non-inverting input, (the base of
Qy), which is shown grounded, is actually tied
to the internal 1.8V Vger. The inverting input
is tied to the op amp output, (the emitters of
Qs and Qg), and the input summing resistor
Rj. The single diode between the bases of
Qs and Qg assures that only one device is on
at a time. To detect the output current of the
op amp, we simply use the collector currents
of the output devices Qs and Qg. Qg Will
conduct when the input swings positive and
Qs conducts when the input swings negative.
The collector currents will be in error by the a
of Qs or Qg on negative or positive signal
swings, rgspectively. ICs such as this have
typical NPN Bs of 200 and PNP Bs of 40. The
a's of 0.995 and 0.975 will produce errors of
0.5% on negative swings and 2.5% on
positive swings. The 1.5% average of these
errors yields a mere 0.13dB gain error.

At very low input signal levels the bias current
of Qg (typically 50nA), will become significant
as it must be supplied by Qs. Another low
level error can be caused by DC coupling into
the rectifier. If an offset voltage exists
between the V) input pin and the base of Q,,
an error current of Vog/R, will be generated.
A mere 1mV of offset will cause an input
current of 100nA which will produce twice the
error of the input bias current. For highest
accuracy, the rectifier should be cou, i
PNP Qg Wili begin to suffer, and there will be
an increasing error until the circuit saturates.
current info the rectitier input to 250pA. If

necessary, an external resistor may be_ .
1ecessany, an oxieme .
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placed in series wi to limit the current to
is value. Figure 7 shows the rectifier
Y

accuracy vs input level at a frequency of
1kHz.

+1 T T T

ERROR GAINdB

- 1 1 I
40 ~-20 0

RECTIFIER INPUT dBm
Figure 7. Rectifier Accuracy

At very high frequencies, the response of the
rectifier will fall off. The roll-off will be more
pronounced at lower input levels due to the
increasing amount of gain required to switch
between Qs or Qg conducting. The rectifier
frequency response for input levels of 0dBm,
-20dBm, and -40dBm is shown in Figure 8.
The response at all three levels is flat to well
above the audio range.
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GAIN ERROR (dB)
w

10k - 1MEG
FREQUENCY (Hz)

Figure 8. Rectifier Frequency
Response vs Input Level

VARIABLE GAIN CELL

Figure 9 is a diagram of the variable gain cell.
This is a linearized two-quadrant
transconductance multiplier. Qq, Q; and the
op amp provide a predistorted drive signal for
the gain control pair, Qz and Q4. The gain is
controlled by Ig and a current mirror provides
the output current.

The op amp maintains the base and collector
of Qq at ground potential (Vrgg) by controlling
the base of Qu. The input current Iy (=V|n/R2)
is thus forced to flow through Q, along with
the current |4, so Igy=l1+ly. Since I has been
set at twice the value of |4, the current
through Qa is:

lo-(l1+lN)=lh1-In=lc2.

The op amp has thus forced a linear current
swing between Q4 and Q; by providing the
proper drive to the base of Q,. This drive
signal will be linear for small signals, but very
non-linear for large signals, since itis
compensating for the non-linearity of the
differential pair, Q and Qy, under large signal
conditions.

The key to the circuit is that this same
predistorted drive signal is applied to the gain
control pair, Q3 and Q4. When two differential
pairs of transistors have the same signal
applied, their collector current ratios will be
identical regardiess of the magnitude of the
currents. This gives us:

Lc_1_ _ /_0_4; _ I; + I/N

Iz lea  h=In

plus the relationships Ig=lga+lc4 and
lout=lca-lca will yield the multiplier transfer
function,

Y la

e
lour = N In = A

This equation is linear and

temperature-insensitive, but it assumes ideal
transistors.
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Figure 9. Simplified AG Cell Schematic

-8 0 +8
INPUT LEVEL (dBm)

Figure 10. AG Cell Distortion
vs Offset Voltage

If the transistors are not perfectly matched, a
parabolic, non-linearity is generated, which
results in second harmonic distortion. Figure
10 gives an indication of the magnitude of the
distortion caused by a given input level and
offset voltage. The distortion is linearly
proportional to the magnitude of the offset
and the input level. Saturation of the gain cell
occurs at a +8dBm level. At a nominal
operating level of 0dBm, a 1mV offset will
yield 0.84% of second harmonic distortion.
Most circuits are somewhat better than this,
which means our overall offsets are typically
about mV. The distortion is not affected by
the magnitude of the gain control current, and
it does not increase as the gain is changed.
This second harmonic distortion could be
eliminated by making perfect transistors, but
since that would be difficult, we have had to

resort to other methods. A trim pin has be
provided to allow trimmin: i al
offsets to zero, which effectively eliminated
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second harmonic distortion. Figure 11 shows
‘the simple trim network required.

Figure 12 shows the noise performance of
the AG cell. The maximum output level before
clipping occurs in the gain cell is plotted along
with the output noise in a 20kHz bandwidth.
Note that the noise drops as the gain is
reduced for the first 20dB of gain reduction.
At high gains, the signal to noise ratio is
90dB, and the total dynamic range from
maximum signal to minimum noise is 110dB.

k-]
e

f
I
g q 3.6V |
| 62k L2l
20k ¢
To THD Trim i
L <200pF -

generated in the
gain cell by imperfect device matching and
mismatches in the current sources, |1 and I,.
When no input signal is present, changing lg
will cause a small output signal. The
distortion trim is effective in nulling out any
control signal feedthrough, but in general, the
null for minimum feedthrough will be different
than the null in distortion. The control signal
feedthrough can be trimmed independently of
distortion by tying a current source to the AG
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input pin. This effectively trims 14. Figure 13
shows such a trim network.

20 —
+ F—-—pg—————————
o
i MAXIMUM
§ 20— SIGNAL LEVEL
z L 90dB
= 110dB
-40 |-
ETL
~60 §—
-0}
NOISE IN
L 20kHz BW
-100 L L L 1 ]
-0 -20 °
VCA GAIN (0dB)

Figure 12. Dynamic Range of NE570

g
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3.6V4———>
470k

100k <€—"WA\———0 TOPIN3 OR 14

i
— ¢

i

Figure 13. Control %‘Lgnal Feedthrough
Tri
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| !

.
™

|
! i
(\ Dees f{":{esl‘,'\n\'z"{

OPERATIONAL AMPLIFIER

The main op amp shown in the chip block
diagram is equivalent to a 741 with a 1MHz
bandwidth. Figure 14 shows the basic circuit.
Split collectors are used in the input pair to
reduce gy, so that a small compensation
capacitor of just 10pF may be used. The
output stage, although capable of output
currents in excess of 20mA, is biased for a
low quiescent current to conserve power.
When driving heavy loads, this leads to a
small amount of crossover distortion.

RESISTORS

Inspection of the gain equations in Figures 3
and 4 will show that the basic compressor
and expander circuit gains may be set
entirely by resistor ratios and the internal
voltage reference. Thus, any form of resistors
that match well would suffice for these simple
hook-ups, and absolute accuracy and
temperature coefficient would be of no
importance. However, as one starts to modify
the gain equation with external resistors, the
internal resistor accuracy and tempco
become very significant. Figure 15 shows
the effects of temperature on the diffused
resistors which are normally used in
integrated circuits, and the ion-implanted
resistors which are used in this circuit. Over
the critical 0°C to +70°C temperature range,
there is a 10-to-1 improvement in drift from a
5% change for the diffused resistors, to a

Let

)

pet

LSL’H 20K
~mf—r bG |—

BF
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0.5% change for the implemented resistors.
The implanted resistors have another
advantage in that they can be made the size
of the diffused resistors due to the higher
resistivity. This saves a significant amount of
chip area. ‘

Figure 14. Operational Amplifier

140!1/D

DIFFUSED
RESISTOR

115 p

110}
*e/ —

L LOW TC
1.05 IMPLANTED
RESISTOR

1% ERROR
BAND

NORMALIZED RESISTANCE

S ————————_——
-40 o 40 80 120
TEMPERATURE

Figure 15. Resist

vs Temp
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APPLICATIONS

The following circuits will illustrate some of
the wide variety of applications for the
NE570.

BASIC EXPANDOR

Figure 1 shows how the circuit would be
hooked up for use as an expandor. Both the
rectifier and AG cell inputs are tied to V|y so
that the gain is proportional to the average
value of (Viy). Thus, when V) falls 6dB, the
gain drops 6dB and the output drops 12dB.
The exact expression for the gain is

2
1

Ig = 140pA

The maximum input that can be handled by
the circuit in Figure 1 is a peak of 3V. The
rectifier input current can be as large as
1=3V/R1=3V/10k=300pA. The AG cell input
current should be limited to
1=2.8V/R,=2.8V/20k=140pA. If it is necessary
to handle larger input voltages than 0 2.8V
peak, external resistors should be placed in
series with Ry and R;, to limit the input current
to the above values.

Figure 1 shows a pair of input capacitors Cyy4
and Cyn2. Itis now necessary to use both
capacitors if low level tracking accuracy is not
important. If Ry and R; are tied together and
share a common capacitor, a small current
will flow between the AG cell summing node
and the rectifier summing node due to offset

The output of the expandor is biased up to 3V
by the DC gain provided by R, Rs. The
output will bias up to

R
Vourpc =1+ —R—3 Vrer
4

For supply voltages higher than 6V, R4 can
be shunted with an external resistor to bias
the output up to Vce.

Note that it is possible to externally increase
R4, Ry, and R3, and to decrease Rj and Ry.
This allows a great deal of flexibility in setting
up system levels. If larger input signals are to
be handled, Ry and R, may be increased; if a
larger output is required, Ry may be

increased. To obtain the largest dynamic
range out of this circuit, the rectifier input
should always be as large as possible
(subject to the +300pA peak current
restriction).

BASIC COMPRESSOR

Figure 2 shows how to use the NE5S70/571 as
a compressor. It functions as an expandor in
the feedback loop of an op amp. If the input
rises 6dB, the output can rise only 3dB. The
3dB increase in output level produces a 3dB
increase in gain in the AG cell, yielding a 6dB
increase in feedback current to the summing
node. Exact expression for gain is

L
Ri Ry Ip ]2

Gai) = | ———
ain comp. [2 Rs Vi (@ve)

R3
AN
CiINt  pp
AG -
Vout
v >y, +
N R4 REF
CiN2 j
R1 »

I CReCT

Figure 1. Basic Expandor

voltages. This current will produce an error in
the gain control signal at low levels,
degrading tracking accuracy.

December 1991

The same restrictions for the rectifier and AG
cell maximum input current still hold, which
place a limit on the maximum compressor
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output. As in the expandor, the rectifier arid
AG cell inputs could be made common to
save a capacitor, but low level tracking
accuracy would suffer. Since there is no DC
feedback path around the op amp through the
AG cell, one must be provided externally. The
pair of resistors Rpc and the capacitor Cpc
must be provided. The op amp output will
bias up to

R
Vourpc = 1+—:4£ Vrer

For the largest dynamic range, the
compressor output should be as large as
possible so that the rectifier input is as large
as possible (subject to the +300nA peak
current restriction). If the input

signal is small, a large output can be
produced by reducing R with the attendant
decrease in input impedance, or by
increasing R, or Rz. It would be best to
increase R; rather than R, so that the rectifier
input current is not reduced.

[ i

CreCT
Rpc Rpc
—"VWW\——VWN—

Cpc

IHH %

H

é’f
is
f

L
R4 S Vaer

Figure 2. Basic Compressor

DISTORTION TRIM

Distortion can be produced by voltage offsets
in the AG cell. The distortion is mainly even
harmonics, and drops with decreasing input
signal (input signal meaning the current into
the AG cell). The THD trim terminal provides

a means for trimming out the offset voltages
and thus trimming out the distortion. The
circuit shown in Figure 3 is suitable, as would
be any other capable of delivering +30pA into
100Q resistor tied to 1.8V.

LOW LEVEL MISTRACKING

The compandor will follow a 2-to-1 tracking
ratio down to very low levels. The rectifier is
responsible for errors in gain, and it is the
rectifier input bias current of <100nA that
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R3
A
CiNt R2
f—w——o 4 - vout
t VREF
ViN + R4 +
Cin2 R1 i
—w—oj -t =
Ra Rg
L—'vwﬂigi—'vw—>
= S _i
I CRrECT
Figure 4. Expandor With Low Level Mistracking

produces errors at low levels. The magnitude
signal level drops to a 1pA average, the bias
current will produce a 10% or 1dB error in
gain. This will occur at 42dB below the
maximum input level.

Vee
ot R
L 36V
AFSEICN 6.2k
O——AMN— 2 20k
o THD Trim '
-
T - 200pF
é._ -

Figure 3. THD Trim Network

Itis possible to deviate from the 2-to-

"mmstlc%w Ievels sho

3 4. Either | RA or RB, (but

) is req ed. The voltage on Crecr
is 2xVg plus V) avg. For low level inputs
Vi avg is negligible, so we can assume 1.3V
as the bias on Creer. If Ry is placed from
Crect to AND we will bleed off a current
I1=1.3V/Ry. If the rectifier average input
current is less than this value, there will be no
gain control input to the AG cell so that its
gain will be zero and the expandor output will
be zero. As the input level is raised, the input
current will exceed 1.3V/Rp and the expandor
output will become active. For large input
signals, R will have little effect. The result of
this is that we will deviate from the 2-to-1
expansion, present at high levels, to an
infinite expansion at low levels where the
output shuts off completely. Figure 5 shows
some examples of tracking curves which can
be obtained. Complementary curves would
be obtained for a compressor, where at low
level signals the result would be infinite
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compression. The bleed current through Ra
will be a function of temperature because of
the two Vg drops, so the low level tracking
will drift with temperature. If a negative supply
is available, if would be desirable to tie Ry to
that, rather than ground, and to increase its
value accordingly. The bleed current will then
be less sensitive to the Vgg temperature drift.

+<U
+10}
|
-]
T
W
o>
a4 -2}
55
L
ZE '”L RA-100K
o
§§ 0 250K
'5':‘ z -50F
% F 500K
38 -eof,
1 Meg
=70
40 -30 20 -10 0 +10
EXPANDOR INPUT LEVEL dB OR
COMPRESSOR OUTPUT LEVEL
Figure 5. Mistracking With Ry

Rg will supply an extra current to the rectifier
equal to (Vgc—1.3V)Rg. In this case, the
expandor transfer characteristic will deviate
towards 1-to-1 at low levels. At low levels the
expandor gain will stop dropping and the
expansion will cease. In a compressor, this
would lead to a lack of compression at low
levels. Figure 6 shows some typical transfer
curves. An Rg value of approximately 2.5M
would trim the low level tracking so as to
match the Bell system N2 trunk compandor
characteristic.
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COMPRESSOR INPUT LEVEL OR

420
+10 |
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E 0t
o
x 40
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3 gl B
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-80
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Figure 6. Mistracking With Rg
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Figure 7. Rectifier Blas Current
Compensation
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2 34 56 7 8 9 10
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Figure 9. Gain vs Time Input Steps
of +10, +20, +30dB
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Figure 10. Compressor Attack Envelope
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Figure 11. Compressor Release
Envelope -12dB Step

RECTIFIER BIAS CURRENT
CANCELLATION

The rectifier has an input bias current of
between 50 and 100nA. This limits the
dynamic range of the rectifier to about 60dB.
It also limits the amount of attenuation of the
AG cell. The rectifier dynamic range may be
increased by about 20dB by the bias current
trim network shown in Figure 7. Figure 8
shows the rectifier performance with and
without bias current cancellation.
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ATTACK AND DECAY TIME

The attack and decay times of the
compandor are determined by the rectifier
filter time constant 10kxCgrect. Figure 9
shows how the gain will change when the
input signal undergoes a 10, 20, or 30dB
change in level.

The attack time is much faster than the
decay, which is desirable in most
applications. Figure 10 shows the
compressor attack envelope for a +12dB step
in input level. The initial output level of 1 unit
instantaneously rises to 4 units, and then
starts to fall towards its final value of 2 units.
The CCITT recommendation on attack and
decay times for telephone system
compandors defines the attack time as when
the envelope has fallen to a level of 3 units,
corresponding to t=0.15 in the figure. The
CCITT recommends an attack time of 3
+2ms, which suggests an RC product of
20ms. Figure 11 shows the compressor
output envelope when the input level is
suddenly reduced 12dB. The output, initially
at a level of 4 units, drops 12dB to 1 unit and
then rises to its final value of 2 units. The
CCITT defines release time as when the
output has risen to 1.5 units, and suggests a
value of 13.5 £9ms. This corresponds to
t=0.675 in the figure, which again suggests a
20ms RC product. Since Ry=10k, the CCITT
recommendations will be met if CrecT=2pF.

There is a trade-off between fast response
and low distortion. If a small Crect is used to
get very fast attack and decay, some ripple
will appear on the gain control line and
produce distortion. As a rule, a 1uF Cpeer
will produce 0.2% distortion at 1kHz. The
distortion is inversely proportional to both
frequency and capacitance. Thus, for
telephone applications where Crecr=2uF, the
ripple would cause 0.1% distortion at 1kHz
and 0.33% at 800Hz. The low frequency
distortion generated by a compressor would
be cancelled (or undistorted) by an expandor,
providing that they have the same value of
CRrecT-
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FAST ATTACK, SLOW RELEASE
HARD LIMITER

The NE570/571 can be easily used to make
an excellent limiter. Figure 12 shows a typical
circuit which requires of an NE570/571, of
an LM339 quad comparator, and a PNP
transistor. For small signals, the AG cell is
nearly off, and the circuit runs at unity gain as
set by Rg, R7. When the output signal tries to
exceed a + or —1V peak, a comparator
threshold is exceeded. The PNP is turned on
and rapidly charges C4 which activates the
AG cell. Negative feedback through the AG
cell reduces the gain and the output signal
level. The attack time is set by the RC
product of Ryg and C4, and the release time
is determined by C4 and the internal rectifier
resistor, which is 10k. The circuit shown
attacks in less than 1ms and has a release
time constant of 100ms. Rg trickles about
0.7pA through the rectifier to prevent C4 from
becoming completely discharged. The gain
cell is activated when the voltage on Pin 1 or
16 exceeds two diode drops. If C4 were
allowed to become completely discharged,
there would be a slight delay before it
recharged to >1.2V and activated limiting
action.

A stereo limiter can be built out of 1
NES570/571, 1 LM339 and two PNP
transistors. The resistor networks Rz, Rq3
and Ry4, Rys, which set the limiting
thresholds, could be common between
channels. To gang the stereo channels
together (limiting in one channel will produce
a corresponding gain change in the second
channel to maintain the balance of the stereo
image), then Pins 1 and 16 should be
jumpered together. The outputs of all 4
comparators may then be tied together, and
only one PNP transistor and one capacitor C4
need be used. The release time will then be
the product 5kxC;, since two channels are
being supplied current from Cq. ‘

USE OF EXTERNAL OP AMP
The operational amplifiers in the NE570/571
are not adequate for some applications.



Signetics RF Communications

Application note

Applications for compandors NE570/571/SA571

AN174

1/2 NE570/571

2/4 LM339

OR LM393

+15VPin 13
GND Pin 4

Ry, Ra, Ry are internal to the NE570/571

Figure 12. Fast Attack, Slow Release Hard Limiter

EXTERNAL
OUTPUT

5,12
INTERNAL

:D_o DON'T
10 YUSE

1.8V

© 1,16

Figure 13. Use of External Op Amp

The slew rate, bandwidth, noise, and output
drive capability can limit performance in many
systems. For best performance, an external
op amp can be used. The external op amp
may be powered by bipolar supplies for a
larger output swing.

Figure 13 shows how an external op amp
may be connected. The non-inverting input
must be biased at about 1.8V. This is easily
accomplished by tying it to either Pin 8 or 9,
the THD trim pins, since these pins sit at
1.8V. An optional RC decoupling network is
shown which will filter out the noise from the
NE570/571 reference (typically about 10pV in
20kHz BW). The inverting input of the
external op amp is tied to the inverting input
of the internal op amp. The output of the
external op amp is then used, with the
internal op amp output left to float. If the
external op amp is used single supply (+Vcc
and ground), it must have an input
common-mode range down to less than 1.8V.
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SF - 4K: 6002
.245 VRMS R4 : +
60002 T %K 190 275 Vpps
6000
g ¢ pa
Figure 14. N2 Compressor
N2 COMPANDOR

There are four primary considerations
involved in the application of the NE570/571
in an N2 compandor. These are matching of
input and output levels, accurate 600Q input
and output impedances, conformance to the
Bell system low level tracking curve; and
proper attack and release times.

Figure 14 shows the implementation of an N2
compressor. The input level of 0.245Vgys is
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stepped up to 1.41Vpys by the 600Q: 20kQ
matching transformer. The 20k input resistor
properly terminates the transformer. An
internal 20k<2 resistor (Rg) is provided, but for
accurate impedance termination an external
resistor should be used. The output
impedance is provided by the 4kQ output
resistor and the 4kQ: 600Q output
transformer.



Signetics RF Communications

Application note

Applications for compandors NE570/571/SA571

AN174

Ry 20K
R2
5000Q: 1000 20K
F—w— AG
SiF .l
327 VR Rg < 3 1K
6000 30K 18V
Ry
+ 10K l
104F
100Q RjN <_M/V_—"£
+
RLOWLEVEL =—='pp
TRMDCSMEG T 2

R GAIN
TRIM
10K
1502 600a
+ 1500
200uF ROUT
. 3.46 VRMS
600Q

Figure 15. N2 Expandor

The 0.275VRws output level requires a 1.4V
op amp output level. This can be provided by
increasing the value of R, with an external
resistor, which can be selected to fine trim the
gain. A rearrangement of the compressor
gain equation (6) allows us to determine the
value for Ry.

Gain® x 2 R3 Vi avg
Ry Ig
_12x2x20kx 127

10k x 140uA
=36.3k

Ry =

The external resistance required will thus be
36.3k—20k=16.3k.

The Bell-compatible low level tracking
characteristic is provided by the low level trim
resistor from Creer to Vee. As shown in
Figure 6, this will skew the systemto a 1:1
transfer characteristic at low levels. The 2uF
rectifier capacitor provides attack and release
times of 3ms and 13.5ms, respectively, as
shown in Figures 10 and 11. The R-C-R
network around the op amp provides DC
feedback to bias the output at DC.

An N2 expandor is shown in Figure 15. The
input level of 3.27Vgys is stepped down to
1.33V by the 600€:100Q transformer, which
is terminated with a 100Q resistor for
accurate impedance matching. The output
impedance is accurately set by the 150Q
output resistor and the 150Q:6002 output
transformer. With this configuration, the
3.46V transformer output requires a 3.46V op
amp output. To obtain this output level, it is
necessary to increase the value of R; with an
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external trim resistor. The new value of R
can be found with the expandor gain equation

Ry Ry Ip Gain
Ry= 128 77
2 Viv avg
_ 10k x 20k x 140uA x 2.6

2x 120
=30.3k

An external addition to R of 10k is required,
and this value can be selected to accurately
set the high level gain.

A low level trim resistor from Crect to Vg of
about 3M provides matching of the Bell
low-level tracking curve, and the 2uF value of
Crecr provides the proper attack and release
times. A 16k resistor from the summing node
to ground biases the output to 7Vpg. _

VOLTAGE-CONTROLLED
ATTENUATOR

The variable gain cell in the NES70/571 may
be used as the heart of a high quality
voltage-controlled amplifier (VCA). Figure 16
shows a typical circuit which uses an external
op amp for better performance, and an
exponential converter to get a control
characteristic of -6dB/V. Trim networks are
shown to null out distortion and DC shift, and
to fine trim gain to 0dB with OV of control
voltage.

Op amp A; and transistors Q; and Q, form
the exponential converter generating an
exponential gain control current, which is fed
into the rectifier. A reference current of
150pA, (15V and Ryg=100k), is attenuated a
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factor of two (6dB) for every volt increase in
the control voltage. Capacitor Cg slows down
gain changes to a 20ms time constant
(CexRy) so that an abrupt change in the
control voltage will produce a smooth
sounding gain change. Rg assures that for
large control voltages the circuit will go to full
attenuation. The rectifier bias current would
normally limit the gain reduction to about
70dB. Rqg draws excess current out of the
rectifier. After approximately 50dB of
attenuation at a —6dB/V slope, the slope
steepens and attenuation becomes much
more rapid until the circuit totally shuts off at
about 9V of control voltage. A4 should be a
low noise high slew rate op amp. Ry3 and R4
establish approximately a OV bias at A¢'s
output.

With a OV control voltage, R1g should be
adjusted for 0dB gain. At 1V(-6dB gain) R
should be adjusted for minimum distortion
with a large (+10dBm) input signal. The
output DC bias (A4 output) should be
measured at full attenuation (+10V control
voltage) and then Ry is adjusted to give the
same value at 0dB gain. Properly adjusted,
the circuit will give typically less than 0.1%
distortion at any gain with a DC output
voltage variation of only a few millivolts. The
clipping level (140pA into Pin 3, 14) is 10V
peak. A signal-to-noise ratio of 90dB can be
obtained.

If several VCAs must track each other, a
common exponential converter can be used.
Transistors can simply be added in parallel
with Q2 to control the other channels. The
transistors should be maintained at the same
temperature for best tracking.
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Figure 16. Voltage-Controlled Attenuator

AUTOMATIC LEVEL CONTROL
The NE570 can be used to make a very high
performance ALC as shown in Figure 17.
This circuit hook-up is very similar to the
basic compressor shown in Figure 2 except
that the rectifier input is tied to the input
rather than the output. This makes gain
inversely proportional to input level so that a
20dB drop in input level will produce a 20dB
increase in gain. The output will remain fixed
at a constant level. As shown, the circuit will
maintain an output level of +1dB for an input
range of +14 to —43dB at 1kHz. Additional
external components will allow the output
level to be adjusted. Some relevant design
equations are:

Output level = M (Z'EVIN (avg))
2R;
lg = 140pA
1
Gain = Ry Ry g where

2 R3 Vv (avg)
Vin
Vi (avg

7!
= ——= = 1.11 (for sine wave
272 v )
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If ALC action at very low input levels is not

desired, the addition of resistor Ry will limit

the maximum gain of the circuit.

Ry +Rx
T8V

xRy x1Ip

Gain max =
2R3

The time constant of the circuit is determined
by the rectifier capacitor, Cgeer, and an
internal 10k resistor.

=10k C RECT

Response time can be made faster at the
expense of distortion. Distortion can be
approximated by the equation:

1uF 1kHz
THD = { —— x 0.2%
(CRECT) (freq.) ’

VARIABLE SLOPE
COMPRESSOR-EXPANDOR
Compression and expansion ratios other than
2:1 can be achieved by the circuit shown in
Figure 18. Rotation of the dual potentiometer
causes the circuit hook-up to change from a
basic compressor to a basic expandor. In the
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center of rotation, the circuitis 1:1, has neither
compression nor expansion. The (input) output
transfer characteristic is thus continuously
variable from 2:1 compression, through 1:1 up
to 1:2 expansion. If a fixed compression or
expansion ratio is desired, proper selection of
fixed resistors can be used instead of the
potentiometer. The optional threshold resistor
will make the compression or expansion ratio
deviatetowards 1:1 atlow levels. Awide variety
of (input) output characteristics can be created
with this circuit, some of which are shown in
Figure 18.

HI-FI COMPANDOR

The NE570 can be used to construct a high
performance compandor suitable for use with
music. This type of system can be used for
noise reduction in tape recorders, transmission
systems, bucketbrigade delay lines, and digital
audio systems. The circuits to be described
contain features which improve performance,
but are not required for all applications.

A major problem with the simple NE570
compressor (Figure 2) is the limited op amp
gain at high frequencies.
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Figure 18. Variable Siope Compressor-Expandor
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For weak input signals, the compressor circuit
operates at high gain and the 5670 op amp
simply runs out of loop gain. Another problem
with the 570 op amp is its limited slew rate of
about 0.6V/ps. This is a limitation of the
expandor, since the expandor is more likely to
produce large output signals than a
compressor.

Figure 20 is a circuit for a high fidelity
compressor which uses an external op amp
and has a high gain and wide bandwidth. An
input compensation network is required for
stability.

Another feature of the circuitin Figure 20 s that
the rectifier capacitor (Cg) is not grounded, but
is tied to the output of an op amp circuit. This
circuit, built around an LM324, speeds up the
compressor attack time at low signal levels.
Theresponse times of the simple expandorand
compressor (Figures 1and 2) become longer at
low signal levels. The time constant is not
simply 10kxCRecr, butis really:

10+ 2(29232)  Cser
Irecr

When the rectifier input level drops from 0dBm
to —30dBm, the time constant increases from
10.7kxCrect to 32.6kxCgrect. In systems
where there is unity gain between the
compressor and expandor, this will cause no
overall error. Gain or loss between the

compressorand expandor will be amistracking
of low signal dynamics. The circuit with the
LM324 will greatly reduce this problem for sys-
tems which cannot guarantee the unity gain.

§ U A N T N T |
INPUT LEVEL

11
10dB/DIV.

Figure 19. Typical Input-Output
Tracking Curves of Variable Ratio
Compressor-Expandor
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When a compressor is operating at high gain,
(small input signal), and is suddenly hit with a
signal, itwill overload untilitcan reduce its gain.
Overloaded, the output will attempt to swing rail
to rail. This compressor is limited to approxi-
mately a 7Vp.p output swing by the brute force
clamp diodes D3 and D4. The diodes cannot be
placed in the feedback loop because their ca-
pacitance would limit high frequency gain. The
purpose of limiting the output swing is to avoid
overloading any succeeding circuit such as a
tape recorder input.

The time it takes for the compressor to recover
from overload is determined by the rectifier ca-
pacitor Cg. A smaller capacitor will allow faster
response to transients, but will produce more
low frequency third harmonic distortion due to
gain modulation. A value of 1uF seems to be a
good compromise value and yields good sub-
jective results. Of course, the expandor should
have exactly the same value rectifier capacitor
for proper transient response. Systems which
have good low frequency amplitude and phase
response can use compandors with smaller
rectifier capacitors, since the third harmonic
distortion which is generated by the compres-
sor will be undistorted by the expandor.

Simple compandor systems are subject to a
problem known as breathing. As the system is
changing gain, the change in the background
noise level can sometimes be heard.

The compressor in Figure 20 contains a high
frequency pre-emphasis circuit (Cp, Rsand Cg,
R14), which helps solve this problem. Matching
de-emphasis onthe expandor is required. More
complex designs could make the pre-emphasis
variable and further reduce breathing.

The expandor to complement the compressor
is shown in Figure 21. Here an external op amp
is used for high slew rate. Both the compressor
and expandor have unity gain levels of 0dB.
Trim networks are shown for distortion (THD)
and DC shift. The distortion trim should be done
first, with aninput of 0dB at 10kHz. The DC shift
should be adjusted for minimum envelope
bounce with tone bursts. When applied to con-
sumer tape recorders, the subjective perform-
ance of this system is excellent.

December 1991

1uF

+ 11 C9
LA

R15
220K
5uF  COMPRESSOR
+—t] out
c10 R17
100K
D3
D4

181




Signetics RF Communications

Application note

Applications for compandors NE570/571/SA571 AN174
+3.6K
R8
100K
D.C.
SHIFT
g7 S TRIM
220K
1/2 NESTO0
pm————
EXPANDOR  SKF ! 2
N I——o—(?—w»—
1 | 20K “24F  eypANDOR
ne I out
2F - 3ok c8
" | M, R16 S 100K
RS S 100K c3 Lo =
OF
R18
D2 =
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Compandors are versatile, low cost,
dual-channel gain control devices for audio
frequencies. They are used in tape decks,
cordless telephones, and wireless
microphones performing noise reduction.
Electronic organs, modems and mobile
telephone equipment use compandors for
signal level control.

So what is companding? Why do it at all?
What happens when we do it? Compandor is
the contraction of the two words compressor
and expandor. There is one basic reason to
compress a signal before sending it through a
telephone line or recording it on a ¢ tt

v~
1KkHz, 5V pk—pk

3KHZ, 1V pk-pk

Figure 1. Original Signal Input

Figure 4. Signal After Compression

tape: to process that signal (music, speech,
data) so that all parts of it are above the
inherent noise floor of the transmission
medium and yet not running into the max.
dynamic range limits, causing clipping and
distortion. The diagrams below demonstrate
the idea; they are not totally correct because
in the real world of electronics the 3kHz tone
is riding on the 1kHz tone. They are shown
separated for better explanation.

Figure 1 is the signal from the source. Figure
2 shows the noise always in the transmission
medium. Figure 3 shows the max limits of the
transmission medium and what happens
when a signal larger than those limits is sent
through it. Figure 4 is the result of
compressing the signal (note that the larger
signal would not be clipped when
transmitted).

The received/playback signal is processed
(expanded) in exactly the same — only
inverted — ratio as the input signal was

SN

Figure 2. Wide-Band Noise Floor
of Transmission Line

N SIGNAL AFTER
AMPLIFYING X3

2v TO BEABOVE NOISE

v

MAX DYNAMIC \9/
RANGE 6V PK-PK

is a clean, undistorted signal with a high sig-
nal-to-noise ratio.

This document has been designed to give the
reader a basic working knowledge of the
Signetics Compandor family. The analyses of
three primary applications will be
accompanied by “recipes” describing how to
select external components (for both proper
operation and function modification).
Schematic and artwork for an application
board are also provided. For comprehensive
technical information consult the Compandor
Product Guide or the Linear Data Manual.

The basic blocks in a compandor are the
current-contrclled variable gain cell (AG),
voltage-to-current converter (rectifier), and
operational amplifier. Each Signetics
compandor package has two identical,
independent channels with the following block
diagrams (notice that the 570/71 is different
from the 572).

compressed. The end result Figure 3. Th:] opzralic:;a: t:n?plifier is the main signal
path and output drive.
BLOCK DIAGRAMS
NES70/571/SAST1 NES572
INPUT c:rll,TRRRoE{‘LTED SNIROLLE
[ S— o CONTROLLED
GAIN CELL INPUT GAIN CELL O OUTPUT
O OUTPUT
T VRE T
VOLT-TO A"Aa'( Rﬂ.EEAsE
INPUT O——— CURRENT — BUFFER —
CONVERTER CAPACITOR CAPACITOR
CL VOLTAGE
ATTACK/RELEASE INPUT O———— TO
TIME CONSTANT CURRENT SEE NOTES
CAPACITOR AT END
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Figure 5. Basic Compressor
The full-wave averaging rectifier measures HOW TO DESIGN COMPANDOR Ri Ry lp %
the AC amplitude of a signal and develops a CIRCUITS Gain comp. = m-—(_;

i i av;
control current for the variable gain cell. The rest of the cookbook will provide you with 3 Vin eV
The variable gain cell uses the rectifier basic compressor, expandor, and automatic where: Rj =10k
control current to provide variable gain control  level control application information. A Rp = 20k
for the operational amplifier gain block. NE570/571 has been used in all of the Rj = 20k

. circuits. If high-fidelity audio or separately Ig = 140pA
The compandor can function as a . programmable attack and decay time are
Compressor, Expandor, and Automatic Level needed, the NE572 with a low noise op amp Vin(avg)=0.9(Vinrms))
Controller or as a complete should be used
compressor/expandor system as described in ) COMPRESSOR RECIPE

the following:

1) The COMPRESSOR function processes
uncontrolled input signals into controlled
output signals. The purpose of this is to avoid
distortion caused by a narrow dynamic range
medium, such as telephone lines, RF and
satellite transmissions, and magnetic tape.
The Compressor can also limit the level of a
signal.

2) The EXPANDOR function allows a user to
increase the dynamic range of an incoming
compressed signal such as radio broadcasts.

3) The compressor/expandor system allows a
user to retain dynamic range and reduce the
effects of noise introduced by the
transmission medium.

4) The AUTOMATIC LEVEL CONTROL
(ALC) function (like the familiar automatic
gain control) adjusts its gain proportionally
with the input amplitude. This ALC circuit
therefore transforms a widely. varying input
signal into a fixed amplitude output signal
without clipping and distortion.
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The compressor (see Figure 5) utilizes all
basic building blocks of the compandor. In
this configuration, the variable gain cell is
placed in the feedback loop of the standard
inverting amplifier circuit. The gain equation is
Ay=—Rg/R|y. As shown above, the variable
gain cell acts as a variable feedback resistor
(Rr) (See Figure 5).

As the input signal increases above the
crossover level of 0dB, the variable resistor
decreases in value. This causes the gain to
decrease, thus limiting the output amplitude.

Below the crossover level of 0dB, an increase
in input signal causes the variable resistor to
increase in value, thereby causing the output
signal's amplitude to increase.

In the compressor configuration, the rectifier
is connected to the output.

The complete equation for the compressor
gain is:
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1) DC bias the output half way between the
supply and ground to get maximum
headroom. The circuit in Figure 6 is designed
around a system supply of 6V, thus the output
DC level should be 3V.

Vout be=(1+(2Roc/Ra)) Vrer

where: Ry=30k
VR EF=1 .8V
Rpg is external

manipulating the equation, the resultis. . .

| {Your Ry

Rpc = ( VREF) 1 2

Note that the C(pc) should be large enough to
totally short out any AC in this feedback loop.

2) Analyze the OUTPUT signal’s anticipated
amplitude.
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a) if larger than 2.8V peak, R, needs to be
increased. (see INGREDIENTS section)

b) if larger than 3.0V peak, Ry will also need
to be increased.

By limiting the peak input currents we avoid
signal distortion. .

3) The input and output coupling caps need
to be large enough not to attenuate any
desired frequencies (Xc=1/(6.28xf)).

4) The Cpect should be 1uF to 2uF for initial
setup. This directly affects Attack and Release
times.

5) An input buffer may be necessary if the
source’s output impedance needs matching.
6) Pre-emphasis may be used to reduce
noisepumping, breathing, etc., if present. See
the NE570/571 data sheet for specific details.

7) Distortion (THD) trim pins are available if the
already low distortion needs to be further
reduced. Refer to data sheet for trimming
network. Note thatif notused, the THD trim pins
should have 200pF caps to ground.

8) At very low input signal levels, the rectifier's
errors become significant and can be reduced
with the Low Level Mistracking network. (This
technique prevents infinite compression at low
input levels.)

The EXPANDOR utilizes all the basic building
blocks of the compandor (see Figure 7). In
this configuration the variable gain cell is
placed in the inverting input lead of the
operational amplifier and acts as a variable
input resistance, Ry. The basic gain equation
for operational amplifiers in the standard
inverting feedback loop is Ay=—Re/Ry.

As the input amplitude increases above the
crossover level of 0dBM, this variable resistor
decreases in value, causing the gain to
increase, thus forcing the output amplitude to
increase (refer to Figure 10).

Below the crossover level, an increase in
input amplitude causes the variable resistor
to increase in value, thus forcing the output
amplitude to decrease.

The complete equation for the expandor gain
is:
Gain expandor=(2R3Vny(avg))/RRalg

where: Rj =10k
Rz = 20k
R3 = 20k
Iz = 140pA
Vin(avg)=0.9 (Vinrms))
In the expandor configuration the rectifier is
connected to the input.
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Figure 6. Basic Compressor
EXPANDOR RECIPE

1) DC bias the output halfway between the
supply and ground to get maximum headroom.
The circuit in Figure 8 is designed around a
system supply of 6V so the output DC level
should be 3V.

Vout pc=(1+Ry/Ra)Vrer
where: Rg =20k
R, = 30k

Note that when using a supply voltage higher
than 6V the DC output level should be
adjusted. To increase the DC output level, it
is recommended that R, be decreased by
adding parallel resistance to it. (Changing R3
would also affect the expandor’s AC gain and
thus cause a mismatch in a companding
system.)

2) Analyze the input signal’s anticipated
amplitude:

a) if larger than 2.8V peak, R, needs to be
increased. (see INGREDIENTS section)

b) if larger than 3.0V peak, R will also
need to be increased. (see INGREDIENTS)

By limiting the peak input currents we avoid
signal distortion.

3) The input and output decoupling caps
need to be large enough not to attenuate any
desired frequencies.

4) The Cpect should be 1pF to 2uF for initial
setup.
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5) An input buffer may be necessary if the
source’s output impedance needs matching.

6) De-emphasis would be necessary if the
complementary compressor circuit had been
pre-emphasized (as in a tape deck
application). See the Hi-Fi Expandor
application in the Linear Data Manual.

7) Distortion (THD) trim pins are available if
the already low distortion needs to be further
reduced. See Linear Data Manual for
trimming network. Note that if not used, the
THD trim pins should have 200pF caps to
ground.

8) At very low input signal levels, the
rectifier’s errors become significant and can
be reduced with the Low Level Mistracking
network (see Linear Data Manual). (This
technique prevents infinite expansion at low
input levels.)

In the ALC configuration, (Figure 9), the
variable gain cell is placed in the feedback
loop of the operational amplifier (as in the
Compressor) and the rectifier is connected to
the input.

As the input amplitude increases above the
crossover point, the overall system gain
decreases proportionally, holding the output
amplitude constant.

As the input amplitude decreases below the
crossover point, the overall system gain
increases proportionally, holding the output
amplitude at the same constant level.
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Figure 7. Basic Expandor
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Figure 9. Automatic Level Control
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The complete gain equation for the ALC is:

Gain = —————Rl Ry lg
2 R3 Vv (avg)
RiRIp Vin
Output Level = ———— | ———
2Ry (VIN (avg))
where —Vm— == - 1.11 (for sine wave)
Vin (avg) 22

Note that for very low input levels, ALC may
not be desired and to limit the maximum gain,
resistor Ry has been added. The modified
gain equation is:
(Ri+Ry) - Ry-Ig

2 R3

Gain max. =

Ryx = ((desired max gain)x26k)—10k

INGREDIENTS

[Application guidelines for internal and external
components (and input/output constraints)
needed to tailor (cook) each of the three
entrees (applications) to your taste.]

Ry (10kQ) limits input current to the rectifier.
This current should not exceed an AC peak
value of +300pA. An external resistor may be
placed in series with Ry if the input voltage to
the rectifier will exceed £3.0V peak (i.e.,
10kx300pA=3.0V).

Ry (20kQ) limits input current to the variable
gain cell. This current should not exceed an
AC peak value of +140pA. Again, an external
resistor has to be placed in series with R if
the input voltage to the variable gain cell
exceeds +2.8V (i.e., 20kx140pA).

R3 (20kQ) acts in conjunction with R4 as the
feedback resistor (Rg) (expandor
configuration) in the equation. (Rs's value can
be either reduced or increased externally.)
However, it is recommended that R, be the
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one to change when adjusting the output DC
level.

R4 (30kQ) acts as the input resistor (Ry) in
the standard non-inverting op amp circuit. (Its
value can only be reduced.)

Vour pc=(1+(Ra/Re))VRer
(for the Expandor)
Vour oc=(1+(2Rpc/Ra))Vrer
(for the Compandor, ALC)

[The purpose of these DC biasing equations
is to allow the designer to set the output
halfway between the supply rails for largest
headroom (usually some positive voltage and
ground).]

Cpc acts as an AC shunt to ground to totally
remove the DC biasing resistors from the AC
gain equation.

Cr caps are AC signal coupling caps.

Cpecr acts as the rectifier’s filter cap and
directly affects the response time of the

circuit. There is a trade-off, though, between
fast attack and decay times and distortion.

The time constant is: 10kxCrect

The total harmonic distortion (THD) is
approximated by:

THD = (1pF/CrecT)(1kHz/freq.)x0.2%

NOTES:

The NE572 differs from the 570/571 in that:

1. There is no internal op amp.

2. The attack and release times are programmed sepa-
rately.

SYSTEM LEVELS OF A
COMPLETE COMPANDING
SYSTEM

Figure 10 demonstrates the compressing and
expanding functions:

Point A represents a wide dynamic range
signal with a maximum amplitude of +16dB
and minimum amplitude of —80dB.

Point B represents the compressor output
showing a 2:1 reduction in dynamic range
(—40dB is increased to —20dB, for example).
Point B can also be seen as the dynamic
range of a transmission medium.
Transmission noise is present at the -60dB
level from Point B to Point C.

Point C represents the input signal to the
expandor.

Point D represents the output of the
expandor. The signal transformation from
Point C to D represents a 1:2 expansion.

APPLICATION BOARD

Shown below is the schematic (Figure 11) for
Signetics’ NE570/571 evaluation/demo board.
This board provides one channel of
Expansion and one channel of Compression
(which can be switched to Automatic Level
Control).

NES70/571/SAS71 SYSTEM LEVEL
" [’
INPUT TO AG RELLEVEL  ABS LEVEL
AND RECT
VRMS COMPRESSION COMPRESSION DB dBM
— IN out
(COMPRESSOR | (EXPANDOR
A oumn IN) D
—_— B c —_—
+16dBT 4.9V +160 - .16
3.1v +12.0 - +12
0dB I~ 775mV 0.0 — o0
-20dB |- 735mMV 20 - -20
—40dB |- 7.75mV _40 i T
—60dB |- 775uV _60 1 0
-80dB L 7.75.v g0 J -e0
P
Figure 10. System Levels of a Complete Companding Syst
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DESCRIPTION

The NE572 is a dual-channel,
high-performance gain control circuit in which
either channel may be used for dynamic
range compression or expansion. Each
channel has a full-wave rectifier to detect the
average value of input signal, a linearized,
temperature-compensated variable gain cell
(AG) and a dynamic time constant buffer. The
buffer permits independent control of dynamic
attack and recovery time with minimum
external components and improved low
frequency gain control ripple distortion over
previous compandors.

The NE572 is intended for noise reduction in
high-performance audio systems. It can also
be used in a wide range of communication
systems and video recording applications.

FEATURES

® Independent control of attack and recovery
time

® Improved low frequency gain control ripple

©® Complementary gain compression and
expansion with external op amp

® Wide dynamic range—greater than 110dB
® Temperature-compensated gain control

® Low distortion gain cell

® | ow noise—6uV typical

® Wide supply voltage range—6V-22V

® System level adjustable with external
components

APPLICATIONS

® Dynamic noise reduction system
® Voltage control amplifier

® Stereo expandor

® Automatic level control

® High-level limiter

® | ow-level noise gate

® State variable filter

PIN CONFIGURATION

D', N, F Packages

TRACK TRIMA [ 1| 18] vee
RECOV. CAP A [ 2] [15] TRACK TRIM B
RECT.INA [ 3] 14] RECOV. CAP B
aTTack capa [4] [13] RecT.INB
AGOUTA[5 ]| [12] ATTACK CAP B
HD TRIMA [ ] [11] aGOUTB

AGINA[T]
ano[8]

10] THD TRIM B

EIAGlNB

NOTE:
1. D package released in large SO (SOL) package

only.

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic SO 0to +70°C NE572D
16-Pin Plastic DIP 0to +70°C NE572N
16-Pin Plastic SO —40 to +85°C SA572D
16-Pin Cerdip —40 to +85°C SA572F
16-Pin Plastic DIP —40 to +85°C SA572N
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 22 Voe
Ta Operating temperature range
NES72 Oto +70 °C
SA572 —40 to +85
Pp Power dissipation 500 mW
October 7, 1987 189
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BLOCK DIAGRAM
9 _J__,\,W_.___IR‘ (5,11)
9 6.8k f
(6,10)— AG
Q I

GAIN CELL

(1,15)

(3,13

BUFFER

(16)— P.S.

|
(8) (4,12) (2,14)

DC ELECTRICAL CHARACTERISTICS

Standard test conditions (unless otherwise noted) Vge=15V, Ta=25°C; Expandor mode (see Test Circuit). Input signals at unity gain level (0dB)
= 100mVgys at 1kHz; V4 = Va; Ry = 3.3kQ; Ry = 17.3kQ.

SYMBOL PARAMETER TEST CONDITIONS NE572 SA572 UNIT
Min | Typ | Max | Min | Typ | Max
Veo Supply voltage 6 22 6 22 Voc
lcc Supply current No signal 6 6.3 mA
Vg Internal voltage reference 23 25 27 2.3 25 2.7 Vpe
Total harmonic distortion
THD (untrimmed) 1kHz Ca=1.0pF 0.2 1.0 0.2 1.0 %
Total harmonic distortion '
THD (trimmed) 1kHz Cg=10uF 0.05 0.05 %
Total harmonic distortion
THD (timmed) 100Hz 0.25 0.25 %
No signal output noise Input to zgoﬂ';‘é:ﬁgm“"ded 6 | 25 6 | 25 WV,
DG level shift (untrimmed) | ™Y °ha‘:%%f“§,’" no signal to +20 | 450 120 | 250 mv
mVRMS
Unity gain level -1 0 +1 -1.5 0 +1.5 dB
Large—signal distortion V1=V,=400mV 0.7 3.0 0.7 3 %
Tracking error (measured
relative to value at unity Rectifier input
gain)= V2=+6dB V,=0dB 0.2 0.2
[Vo—Vo (unity gain)]dB V,=-30dB V;=0dB 05 | -1.5 105 | -2.5 dB
-VodB +0.8 +1.6
200mVpys into channel A, measured
Channel crosstalk output on channel B 60 60 dB
PSRR :gwer supply rejection ra- 120Hz 70 70 B
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TEST CIRCUIT
1F 100Q
VA -15V
- = 22uF
2.2uF hiod I I’
i = =
7,9)] 8.8k (5,11) Ry
vy o— | — A 4G y;k
82k :
sa 2,14) ) T omoer|
_Lde— 2 an NES234 —0 v,
= 104F 10] §
I BUFFER M %
= 2.2uF
L (4,12) m __I[:
- (1,15)
22F a3k (313 A
V2 0 b1 RECTIFIER e J_ v “sv
Ry - * 22
1% Bing I I uF

AUDIO SIGNAL PROCESSING IC
COMBINES VCA AND FAST
ATTACK/SLOW RECOVERY
LEVEL SENSOR

In high-performance audio gain control
applications, itis desirable to independently
control the attack and recovery time of the
gain control signal. This is true, for example,
in compandor applications for noise
reduction. In high end systems the input
signal is usually split into two or more
frequency bands to optimize the dynamic
behavior for each band. This reduces low
frequency distortion due to control signal
ripple, phase distortion, high frequency
channel overload and noise modulation.
Because of the expense in hardware, multiple
band signal processing up to now was limited
to professional audio applications.

With the introduction of the Signetics NE§72
this high-performance noise reduction
concept becomes feasible for consumer hi fi
applications. The NE572 is a dual channel
gain control IC. Each channel has a
linearized, temperature-compensated gain
cell and an improved level sensor. In
conjunction with an external low noise op
amp for current-to-voltage conversion, the
VCA features low distortion, low noise and
wide dynamic range.

The novel level sensor which provides gain
control current for the VCA gives lower gain
control ripple and independent control of fast

October 7, 1987

attack, slow recovery dynamic response. An
attack capacitor C with an internal 10k
resistor Ry defines the attack time t5. The
recovery time tg of a tone burst is defined by
a recovery capacitor Cg and an internal 10k
resistor Rg. Typical attack time of 4ms for
the high-frequency spectrum and 40ms for
the low frequency band can be obtained with
0.1pF and 1.0puF attack capacitors,
respectively. Recovery time of 200ms can be
obtained with a 4.7puF recovery capacitor for
a 100Hz signal, the third harmonic distortion
is improved by more than 10dB over the
simple RC ripple filter with a single 1.0uF
attack and recovery capacitor, while the
attack time remains the same.

The NE572 is assembled in a standard 16-pin
dual in-line plastic package and in oversized
SOL package. It operates over a wide supply
range from 6V to 22V. Supply current is less
than 6mA. The NE572 is designed for
consumer application over a temperature
range 0-70 The SA572 is intended for
applications from —40°C to +85°C.

NE572 BASIC APPLICATIONS

Description

The NE572 consists of two linearized,
temperature-compensated gain cells (AG),
each with a full-wave rectifier and a buffer
amplifier as shown in the block diagram. The
two channels share a 2.5V common bias
reference derived from the power supply but

191

otherwise operate independently. Because of
inherent low distortion, low noise and the
capability to linearize large signals, a wide
dynamic range can be obtained. The buffer
amplifiers are provided to permit control of
attack time and recovery time independent of
each other. Partitioned as shown in the block
diagram, the IC allows flexibility in the design
of system levels that optimize DC shift, ripple
distortion, tracking accuracy and noise floor
for a wide range of application requirements.

Gain Cell

Figure 1 shows the circuit configuration of the
gain cell. Bases of the differential pairs Q;-Q,
and Q4-Qq are both tied to the output and
inputs of OPA A,. The negative feedback
through Q, holds the Vg of Q;-Q, and the
Vge of Q3-Q, equal. The following
relationship can be derived from the transistor
model equation in the forward active region.

AVBEgaay = BBEgice

(Vee = V1IN IC/IS)
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Vi

where Iy = —"%V-

Ry = 6.8kQ2
Iy = 140pA
I = 280pA

Vel (—" 73”“) - Vrl, (———-———’2"‘,3‘ ””) @

where Iiy = %
1

Ry =6.8kQ
Iy = 140pA
I = 280pA

lp is the differential output current of the gain
cell and g is the gain control current of the
gain cell.

If all transistors Q, through Q4 are of the
same size, equation (2) can be simplified to:

lo =Il 'IIN"G_'I‘I‘(IZ_ZII)‘IG ()]
2 2
The first term of Equation 3 shows the
multiplier relationship of a linearized two
quadrant transconductance amplifier. The
second term is the gain control feedthrough
due to the mismatch of devices. In the
design, this has been minimized by large
matched devices and careful layout. Offset
voltage is caused by the device mismatch
and it leads to even harmonic distortion. The
offset voltage can be trimmed out by feeding
a current source within £25uA into the THD
trim pin. |
The residual distortion is third harmonic
distortion and is caused by gain control ripple.
In a compandor system, available control of:
fast attack and slow recovery improve ripple
distortion significantly. At the unity gain level
of 100mV, the gain cell gives THD (total
harmonic distortion) of 0.17% typ. Output
noise with no input signals is only 6pV in the
audio spectrum (10Hz-20kHz). The output
current lo must feed the virtual ground input |
of an operational amplifier with a resistor from
output to inverting input. The non-inverting
input of the operational amplifier has to be
biased at VRrer if the output current Ig is DC
coupled.

October 7, 1987

V+
1 1
84———)@ Ela + Elo Iy
140pA’
D ]
lo 4
1 ; ]
Q4 03\1 Q4 Q2

TRIM

Figure 1. Basic Gain Cell Schematic

4k 54
¢ Thisee 3030

Rectifier

The rectifier is a full-wave design as shown in
Figure 2. The input voltage is converted to
current through the input resistor R, and
turns on either Qs or Qg depending on the
signal polarity. Deadband of the voltage to
current converter is reduced by the loop gain
of the gain block A,. If AC coupling is used,
the rectifier error comes only from input bias
current of gain block A,. The input bias
currentis typically about 70nA. Frequency
response of the gain block A, also causes
second-order error at high frequency. The
collector current of Qg is mirrored and
summed at the collector of Qg to form the full
wave rectified output current Ig. The rectifier
transfer function is

I < Yin = Vaer
=~ — VAREF

B @

If V5 is AC-coupled, then the equation will be
reduced to:

I - LAV

The internal bias scheme limits the maximum
output current Iy to be around 300pA. Within a
+1dB error band the input range of the rectifier
is about 52dB.
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Vneﬂ*“‘——\

Vs l,n - VIN'RVEEF

2

Figure 3. Buffer Amplifier Schematic

p7
= ———— F——=—n
: 3 } *
| wo— |
| |
| |
o J ? ‘@L
-
Figure 2. Simplified Rectifier Schematic
Vs
Q| @0 Q10
lg=2p2 l
Q17
P xe
R Q16
X2
a1s
4
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Buffer Amplifier

In audio systems, it is desirable to have fast
attack time and slow recovery time for a tone
burst input. The fast attack time reduces
transient channel overload but also causes
low-frequency ripple distortion. The
low-frequency ripple distortion can be
improved with the slow recovery time. If
different attack times are implemented in
corresponding frequency spectrums in a split
band audio system, high quality performance
can be achieved. The buffer amplifier is
designed to make this feature available with
minimum external components. Referring to
Figure 3, the rectifier output current is
mirrored into the input and output of the
unipolar buffer amplifier Az through Qg, Qg
and Q. Diodes D4y and D42 improve
tracking accuracy and provide common-mode
bias for As. For a positive-going input signal,
the buffer amplifier acts like a
voltage-follower. Therefore, the output
impedance of Az makes the contribution of
capacitor CR to attack time insignificant.
Neglecting diode impedance, the gain Ga(t)
for AG can be expressed as follows:

o
Ga(f) = (Gainr — Gapny, €™ + Gapny

Gaynr=Initial Gain
Gagy=Final Gain
TA=Ra ¢ CA=10k « CA

where 1 is the attack time constant and Ry is
a 10k internal resistor. Diode D15 opens the
feedback loop of Aj for a negative-going
signal if the value of capacitor CR is larger
than capacitor CA. The recovery time
depends only on CR e Rg. If the diode
impedance is assumed negligible, the
dynamic gain Gg (t) for AG is expressed as
follows.
=4
GR(!) = (GrinT — Grene €°R+ Gren

GR(t)=(Gr INT—GrEnL) © +GRENL
1R=RR ¢ CR=10k ¢ CR

where 1R is the recovery time constant and
Rg is a 10k internal resistor. The gain control
current is mirrored to the gain cell through
Qi4. The low level gain errors due to input

bias current of Ay 3¢ rimmed
thri e tracking trim. pin.inf with a.
cuirrént source of +3pA.

Basic Expandor

Figure 4 shows an application of the circuit as
a simple expandor. The gain expression of
the system is given by

Vour _2 | A3 Vinavg (5)
Vv  h Ry Ay
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(11=140pA)
Both the resistors Ry and R; are tied to
internal summing nodes. R, is a 6.8k internal
resistor. The maximum input current into the
gain cell can be as large as 140pA. This
corresponds to a voltage level of 140pA e
6.8k=952mV peak. The input peak current
into the rectifier is limited to 300pA by the
internal bias system. Note that the value of
R1 can be increased to accommodate higher
input level. Rz and Rj are external resistors.
Itis easy to adjust the ratio of Ra/R; for
desirable system voltage and current levels.
A small Ry results in higher gain control

current and smaller static and dynamic
tracking error. However, an impedance buffer
A may be necessary if the input is voltage
drive with large source impedance.

The gain cell output current feeds the
summing node of the external OPA A,. R3
and A, convert the gain cell output current to
the output voltage. In high-performance
applications, A has to be low-noise,
high-speed and wide band so that the
high-performance output of the gain cell will
not be degraded. The non-inverting input of
A, can be biased at the low noise internal
reference Pin 6 or 10. Resistor Ry is used to

bias up the output DC level of A; for
maximum swing. The output DC level of A, is
given by

Vooc = VREF(1 + %) - Vs % (6)

Vg can be tied to a regulated power supply
for a dual supply system and be grounded for
a single supply system. CA sets the attack
time constant and CR sets the recovery time
constant. *5COL

CiNt
VN O—— F——

2.24F

<

f&k

R4 R3
VB, —AM
17.3k
e ool (5:11)
@ esk — A2 —0 Vour
(6,10) R6 ’
3 VREF
1K
14) o1
BUFFER (4,12) 224F
- CiN3 l::l: :l:
2.2,F ) —:LI I —
2K | l oA o
. > CA CR
(313 1uF  10pF

= +Vee

Figure 4. Basic Expandor Schematic
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Basic Compressor X RDCH rDc2
Figure 5 shows the hook-up of the circuitas a A

compressor. The IC is put in the feedback

loop of the OPA A;. The system gain I 104F
expression is as follows: 02I | HF =
1 i &—k—‘

Vour _(h ._RePi )2 @
U \2 F Vo o noo

N 2 3+ Vimavg Vin A -
Rpe1, Rocz, and CDC form a DC feedback 22F B A O vour
for Ay. The output DC level of A, is given by :

Vooc = Vagel 1 + Boct+ Foce ®) |
Ra ? S
S0 I
Vg Rpct + Aoz !
—_R4 G R1| (79 |
6.8k Cinz
The zener diodes Dy and D, are used for 22uF

channel overload protection.

. (2,14)
Basic Compandor System (4,12) | BUFFER I = Cmns
The above basic compressor and expandor L] 2.2pF

can be applied to systems such as tape/disc .

noise reduction, digital audio, bucket brigade :l: 3.3k
delay lines. Additional system design = = :}_K _@,_,\,;“,2\,___
techniques such as bandlimiting, band CR C: - (3,13)
splitting, pre-emphasis, de-emphasis and- 10F

equalization are easy to incorporate. The IC (a_)J_ l .

is a versatile functional block to achieve a = Vecy (18) +3 0

high performance audio system. Figure 6
shows the system level diagram for
reference.

Figure 5. Basic Compressor Schematic

o
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L 2
2
VRMS I: :| [ :I REL LEVEL ABSLEVEL
COMPFI!EKION EXPéuNPOR dB dBM
— aov D AceT 42058 — 41176 —|
— 547.6MV l +14.77 —| =3.00 —
— 400MV +12.0 — -5.78 —|
— 100MV 00— -17.78 T
— 10MV -20 — -37.78 —|
— ™ -40 — -57.78 —
—{100uv -60 — -77.78 —|
— 1ouv -80 —  -97.78 —
Figure 6. NE572 System Level
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NE572 AUTOMATIC LEVEL CONTROL

3.3k
1L+ 3
i} AN -
2.2F R1
Rx l
L arrack 4 RECOVERY
= CAP | BUFFER Z—MLCAP
1pF
CAI ¥ l cRI 10uF
6.8k +
P T
2.2uF
100k 9.1k 9.1k
_[—'vw AN VA—
L R Roct J_ Rpca
Iqu
Vs

17.3k 2
Viy © { = VWV h
2.2F 5532 1 Vout| bc +11
L

a O Vout
TO THD N 224F
TRIM PIN 1K . /
OF 572
PN G I 224F v
WHERE: R, = 100k
Vooc = Veer | 1 + Boer * Roce Rocs = Rocz = 9.1k
Rs Vgee = 25V
OUTPUT LEVEL = Ry Ry Ig Vin WHERE: FR(‘ igg:: (Internal)
2R3 ViNavg) 2= .
Ra=17.3k
Iz = 140pA
Gain = _RiRlg
2R3 Vin (avg)
ATTACK TIME = (10k) Ca v x
RECOVERY TIME = (10k) Cg VIN’” =55 =11
av(
TO LIMIT THE GAIN AT VERY LOW INPUT LEVELS, ADD Ry: (aveh
AR (FOR SINE WAVES)

X

X xR x g
_ 25V

GAIN MAX. = TN

NOTE:
Pin numbers are for side A of the NE572.
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Low voltage compandor

DESCRIPTION
The NE/SA575 is a precision dual gain
control circuit designed for low voltage

applications. The NE575's channel 1is an
expandor, while channel 2 can be configured
either for expandor, compressor, or automatic

level controller (ALC) application.

FEATURES

®QOperating voltage range from 3V to 7V

®Reference voltage of
1°0mVRMs =0dB

®0One dedicated summing op amp per chan-
nel and two extra uncommitted op amps

#5000 drive capability

®Single or split supply operation

®Wide input/output swing capability

APPLICATIONS

®Portable communications
®Cellular radio

®Cordless telephone
®Consumer audio
®Portable broadcast mixers
®Wireless microphones
®Modems

®Electric organs

®Hearing aids

Product specification

PIN CONFIGURATION

+VIN1 E

Vint E

Vour1 E
RECT.IN1 E
CRECT1 E
SUMOUT 1 E
COMP. IN1 [z
VREF E
GAINCELLINI[9 ]
GND| 10

D' and N Packages

p——

[20]vee

T__;l"vmz

18 | ViN2
Evoum

16 JReCTIN:

15 |CRECT2

[14] sumour2

13 |compinz

[ 12]sum NoDE 2
[11] GaIN cELL IN2

NOTE:
1. Available In large SOL package only.

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic DIP 0 to +70°C NE575N
20-Pin Plastic SOL 0 to +70°C NES75D
20-Pin Plastic DIP -40 to +85°C SA575N
20-Pin Plastic SOL -40 to +85°C SA575D
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
NE575 SA575
Vee Single supply voltage 8 8 \
Ta Operating ambient temperature range | -40to +85 | -40to +85 °C
Tsta Storage temperature range -65t0 +150 | -65to +150 °C
278 Thermal impedance DIP 68 68 °C/W
SOL 112 112 °C/W
May 30, 1989 198
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BLOCK DIAGRAM and TEST CIRCUIT

VREF <\ﬁ

0.1uF
Vce +5Y |
\ c1s =
__I: 20 10uF GND
1 NES75 [veo |
Ny - + o
Vour 2] 19 Ri3 cu4
g:o c3 OP AMP v
= } |_3 18 10k out
as ok = OP AMP 35
100k | 571
G (5 A
= GND =1 L+ 3] 10uF 100k
+ CRECT 1.5 “ 3.9k E_—'I Fa7uF
CRE =
224F 6 15— I GND
GND— 220F =
= cs E | —
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DC ELECTRICAL CHARACTERISTICS

Typical values are at Tp = 25°C. Minimum and Maximum values are for the full operating temperature range: 0 to 70°C for NE575, -40 to

+85°C for SA575. Vg = 5V, unless otherwise stated. Both channels are tested in the Expandor mode (see Test Circuit)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE575 SA575 UNITS
MN | TYP | MAX | MIN | TYP | MAX
For pandor, including ing amplifier
Vee Supply voltage! 3 5 7 3 5 7 \Y
lcc Supply current No signal 3 4.2 55 3 4.2 55 mA
VRer Reference voltage? Veec =5V 24 25 2.6 24 25 26 \
RL Summing amp output load 10 10 kQ
THD Total harmonic distortion 1kHz, 0dB BW = 3.5kHz 0.12 1.0 0.12 1.5 %
Eno Qutput voltage noise BW = 20kHz, Rg = 0Q 6 20 6 30 nv
0dB Unity gain level 1kHz -1.0 1.0 -1.5 15 dB
Vos Output voltage offset No signal -100 100 -150 150 mV
Output DC shift No signal to 0dB -50 50 -100 100 mV
Gain cell input = 0dB,
Raastor input = 6dB, 05 05 1.0 10 | dB
1kHz
Tracking error relative to 0dB | Gain cell input = 0dB,
ez inpit = -30dB, 05 05 | -10 10 | B
1kHz
Crosstalk 1kHz, 0dB, Creg = 220puF -80 -65 -80 -65 dB
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DC ELECTRICAL CHARACTERISTICS (cont)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE575 SA575 UNITS
MIN | TYP | MAX | MIN [ TYP | MAX
For operational amplifier
Vo Output swing R_ = 10kQ Vec0.4 | Vec0.2 Vcc0.4 | Vge-0.2 \
Ry Qutput load 1kHz 600 600 Q
CMR Input common-mode range 0 Vce 0 Vee \
CMRR | Common-mode rejection ratio 60 80 60 80 dB
Ig Input bias current ViN = 0.5V to 4.5V 05 0.5 -1 1 HA
Vos Input offset voltage 3 3 mV
AvoL Open-loop gain R = 10kQ 80 80 dB
SR Slew rate Unity gain 1 1 Vips
GBW | Bandwidth Unity gain 3 3 MHz
Eni Input voltage noise BW = 20kHz 25 25 uv
PSRR | Power supply rejection ratio 1kHz, 250mV 60 dB
NOTES:

1. Operation down to V¢¢ = 2V is possible, but performance is significantly reduced. See curve in Figure 5.
2. Reference voltage, Vg, is typically at 1/2V¢c.

FUNCTIONAL DESCRIPTION

This section describes the basic subsystems
and applications of the NE/SA575
Compandor. More theory of operation on
compandors can be found in AN174 and
AN176. The typical applications of the
NES75 low voltage compandor in an
Expandor (1:2), Compressor (2:1) and
Automatic Level Control (ALC) function are
explained. These three circuit configurations
are shown in Figures 1, 2, 3 respectively.

The NE575 has two channels for a complete
companding system. The left channel, A, can
be configured as a 1:2 Expandor while the
right channel, B, can be configured as either
a 2:1 Compressor, a 1:2 Expandor or an
ALC. Each channel consists of the basic
companding building blocks of rectifier cell,
variable gain cell, summing amplifier and
Vger cell. In addition, the NE575 has two
additional high performance uncommitted op
amps which can be utilized for application
such as filtering, pre-emphasis/de-emphasis
or buffering.

Figure 4 shows the complete schematic for
the applications demo board. Channel A is
configured as an expandor while channel B is
configured so that it can be used either as a
compressor or as an ALC circuit. The switch,
$1, toggles the circuit between compressor
and ALC mode. Jumpers J1 and J2 can be
used to either include the additional op amps
for signal conditioning or exclude them from
the signal path. Bread boarding space is
provided for R1, R2, C1, C2, R10, R11, C10
and C11 so that the response can be tailored
for each individual need. The components as
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specified are suitable for the complete audio
spectrum from 20Hz to 20kHz.

The most common configuration is as a unity
gain non-inverting buffer where R1, C1, C2,
R10, C10 and C11 are eliminated and R2 and
R11 are shorted. Capacitors C3, C5, C8, and
C12 are for DC blocking, and R4 and R8
provide termination (for the capacitors). In
systems where the inputs and outputs are AC
coupled, these capacitors and resistors can
be eliminated. Capacitors C4 and C9 are for
setting the attack and release time constant.

C6 is for decoupling and stabilizing the
voltage reference circuit. The value of C6
should be such that it will offer a very low
impedance to the lowest frequencies of
interest. Too small a capacitor will allow
supply ripple to modulate the audio path. The
better filtered the power supply, the smaller
this capacitor can be. R5 and R12 provide
DC reference voltage to the amplifiers of
channel B. R6 and R7 provide a DC
feedback path for the summing amp of
channel B, while C7 is a short-circuit to
ground for signals. C14 and C15 are for
power supply decoupling. C14 can also be
eliminated if the power supply is well
regulated with very low noise and ripple.
Figure 8 shows the PC board layout of the
applications demo board.

DEMONSTRATED
PERFORMANCE

The applications demo board was built and
tested for a frequency range of 20Hz to
20kHz with the component values as shown
in Figure 4 and V¢ = 5V. In the expandor
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mode, the typical input dynamic range was
from -34dB to +12dB where 0dB is equal to
100mVgus. The typical unity gain level
measured at 0dB @ 1kHz input was +0.5dB
and the typical tracking error was +0.1dB for
input range of -30 to +10dB.

In the compressor mode, the typical input
dynamic range was from -42dB to +18dB with
a tracking error +0.1dB and the typical unity
gain level was +0.5dB.

In the ALC mode, the typical input dynamic
range was from -42dB to +8dB with typical
output deviation of +0.2dB about the nominal
output of 0dB. For input greater than +9dB in
ALC configuration, the summing amplifier
sometimes exhibits high frequency
oscillations. There are several solutions to
this problem. The first s to lower the values
of R7 and R8 to 20kQ each. the second is to
add a current limiting resistor in series with
C13 at Pin 13. the thirdis to add a
compensating capacitor of about 22 to 30pF
between the input and output of summing
amplifier (Pins 12 and 14). With any one of
the above recommendations, the typical ALC
mode input range increased to +18dB
yielding a dynamic range of over 60dB.

EXPANDOR

The typical expandor configuration is shown
in Figure 1. The variable gain cell and the
rectifier cell are in the signal input path. The
Vgee is always 1/2 Vg to provide the
maximum headroom without clipping. The
0dB refis 100mVgys. The inputis AC
coupled through C5, and the output is AC
coupled through C3. If in a system the inputs




Signetics RF Communications

Product specification

Low voltage compandor

NE/SA575

and outputs are AC coupled, then C3, C5, R3
and R4 can be eliminated, thus requiring only
one external component, C4. The variable
gain cell and rectifier cell are DC coupled so
any offset voltage between Pins 4 and 9 will
cause small offset error current in the rectifier
cell. This will affect the accuracy of the gain
cell. This can be improved by using an extra
capacitor from the input to Pin 4 and
eliminating the DC connection between Pins
4and9.

The expandor gain expression and the attach
and release time constant is given by
Equation 1 and Equation 2, respectively.

Equation 1.

4Vin(avg)

Expandor gain = m

where V|n(avg) = 0.975V|n(Rums)

path. R6 and R7 provide the DC feedback to
the summing amplifier. The inputis AC
coupled through C12 and output is AC
coupled through C8. In a system with inputs
and outputs AC coupled, C8, C12, R8, and
R9 could be eliminated and only R5, R6, R7,
C7, and C13 would be required. If the
external components R5, R6, R7 and C7 are
eliminated, then the output of the summing
amplifier will motor-boat in absence of signals
or at extremely low signals. This is because
there is no DC feedback path from the output
to input. In the presence of an AC signal this
phenomenon is not observed and the circuit
will appear to function properly.

The compressor gain expression and the
attack and release time constant is given by
Equation 3 and Equation 4, respectively.

Equation 3.

AUTOMATIC LEVEL CONTROL
The typical Automatic Level Control circuit
configuration is shown in Figure 3. It can be
seen that it is quite similar to the compressor
schematic except that the input to the rectifier
cellis from the input path and not from the
feedback path. The inputis AC coupled
through C12 and C13 and the output is AC
coupled through C8. Once again, as in the
previous cases, if the system input and
output signals are already AC coupled, then
C12, C13, C8, R8 and R9 could be
eliminated. Concerning the compressor,
removing R5, R6, R7 and C7 will cause mo-
tor-boating in absence of signals. Ccomp is
necessary to stabilize the summing amplifier
at higher input levels. This circuit provides an
input dynamic range greater than 60dB with
the output within +0.5dB typical. The
necessary design expressions are given by
Equation 5 and Equation 6, respectively.

12
Tokx G tokx Cd Equation 2. Compressor gain = E'gk X 10044 ] Equation 5.
TR=TA= X = b3
R=TA RECT 4V\n(avg) ALCen 3.9k x 100pA
where V, =0.975V gan= ————-—
COMPRESSOR © Vn(avo) Wevs) Vn(avg) ‘
. . L Equation 6.
The typical compressor configuration is Equation 4.
shown in Figure 2. In this mode, the rectifier o _ TR =7Ta = 10k X Crect = 10k x C9
cell and variable gain cell are in the feedback "% = "A = 10k X Crect = 10kx C4
s L9
EXPIN o——] —¢—r—e—AA\— cs R3
10pF | 10k {| T VVVv—o ExpoUT
' 0, 200
X 4 R4 <100k
——AA—]
X 3.0k
16232508
Figure 1. Typical Expandor Configuration
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Figure 2. Typical Compressor Configuration
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Figure 3. Typical ALC Configuration
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VREF
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Figure 4. Signetics NE575 Low Voltage Expandor/Compressor/ALC Demo Board
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Figure 5. Unity Gain Error vs Supply Voltage
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TYPICAL PERFORMANCE CHARACTERISTICS

GENERAL DIAGRAM
8 10uF | 470F
. T T
10dB IN o—of INPUT aG  REC
(20-20kHz)
4 SUM
OUTPUT
2
0dB IN Vee=5V
o -
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P
=
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- -8
=]
o
-
3-10
-12
-14
-16
-18
-40dB IN
-20 :
/ =afl
-22
10 100 1000 10000 30000
FREQUENCY (Hz)
Figure 6. Compressor Output Frequency Response
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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Figure 7. NE575 Expandor Output Frequency Response
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SIGNETICS  GND
NE575 V. come

EXP []01 ¢ {rmf 14, | e,
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8a. Application Board Component Placement
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8B. Application Board Layout
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Figure 9. The Companding Function
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DESCRIPTION

The NE/SA575 is a precision dual gain
control circuit designed for low voltage
applications. The NE575's channel 1is an
expandor, while channel 2 can be configured
either for expandor, compressor, or automatic
level controller (ALC) application.

FEATURES
® Operating voltage range from 3V to 7V

® Reference voltage of
100mVgys = 0dB

® One dedicated summing op amp per chan-
nel and two extra uncommitted rail-to-rail
op amps

© 500X drive capability

® Single or split supply operation

® Wide input/output swing capability
©® DTMF summing

APPLICATIONS

® Portable communications
® Cellular radio

® Cordless telephone

® Consumer audio

® Portable broadcast mixers
® Wireless microphones

® Modems

® Electric organs

® Hearing aids

ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
20-Pin Plastic SSOP 0 to +70°C NE575DK
20-Pin Plastic SSOP —40 to +85°C SA575DK
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
NE575 SA575
Vee Single supply voltage 8 8 \
Ta Operating ambient temperature range Oto +70 —40 to +85 °C
Tsta Storage temperature range —65to +150 | —65 to +150 °C
7Y Thermal impedance SSOP 117 117 °C/W
January 18, 1991 208

NE/SA575SSOP

PIN CONFIGURATION

SSOP Package

+ViNy E Evcc
-VINt E E+V|N2
vours (2] %‘Vﬂﬂ

RECT.IN1 IZ 17 Vout2

crectr 5] [16 JrecTIng
sumour1 5] 15 ]crecT2
comp. N1 [ 7] 14] sumout2
VREF E [13]compinz
GAINCELLIN1 [9 ] [12]sum NoDE 2
anp[1o [11] Gain cELL IN2
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BLOCK DIAGRAM and TEST CIRCUIT

0.1uF
vee +5V
\_ cis =
1] NES75  Vec—|{20 s G0
ry fo vin
Vout E 19 R13 cia
Ra ca OP AMP Vour
| (5] 18— D2 o
as 105 OP AMP Wrs 20
100k .1 - 17 ]
1 4 - 17
= 3% — cn cm:I:‘WF §:
= GND = L+ +
+ ¢ 15 I' 3.9k E_—_IHJ,.F
RECT - CRE L
2.24F : ] ﬂ ~ GND
6 15
GND:I_: { Tur =
= cs —
7Mva—os 14
el | —
T (e —{voer |- el %’a
+ — R7
e S rn o~
cs HF
GND=  anp— = GND =eND
AC/DC ELECTRICAL CHARACTERISTICS
Ta =25°C; Ve = 5V, unless otherwise stated. Both channels are tested in the Expandor mode (see Test Circuit)
LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE575 SAS575 UNITS
MIN [ TYP | MAX [ MIN [ TYP | MAX
For pandor, including ing amplifier
Vee Supply voltage! 3 5 7 3 5 7 v
lcc Supply current No signal 3 4.2 55 3 4.2 55 mA
Vgrer | Reference voltage? Vge =5V 2.4 25 26 2.4 25 26 \Y
R. Summing amp output load 10 10 kQ
THD Total harmonic distortion 1kHz, 0dB BW = 3.5kHz 0.12 1.0 0.12 1.5 %
Eno Output voltage noise BW = 20kHz, Rg = 0Q 6 20 6 30 nv
0dB Unity gain level 1kHz -1.0 1.0 -15 1.5 dB
Vos Output voltage offset No signal -100 100 -150 150 mV
Output DC shift No signal to 0dB -50 50 -100 100 mV
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AC/DC ELECTRICAL CHARACTERISTICS

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NES75 SA575 UNITS
MIN TYP MAX MIN TYP MAX
Reocherinput - 606, btz | 08 05 | -10 10 | d8
Tracking error relative to 0dB g:g:i fci::li::‘::tt; Pgo% B1k1F:(ZH .| 05 05 10 10 dB
Crosstalk 1kHz, 0dB, Crer = 220pF -80 -65 -80 -85 dB
For operational amplifier
Vo Output swing R = 10kQ Vec—0.4 | Vec0.2 Vee-0.4 | Vec0.2 \
R Qutput load 1kHz 600 600 Q
CMR Input common-mode range 0 Vee 0 Vee )
CMRR | Common-mode rejection ratio 60 80 60 80 dB
Ig Input bias current Vin=0.5V to 4.5V -0.5 0.5 -1 1 HA
Vos Input offset voltage 3 3 mV
AvoL Open-loop gain RL = 10kQ 80 80 dB
SR Slew rate Unity gain 1 1 Vips
GBW Bandwidth Unity gain 3 3 MHz
Eni Input voltage noise BW = 20kHz 25 25 Y
PSRR | Power supply rejection ratio 1kHz, 250mV 60 60 dB
NOTES:

1. Operation down to Vg = 2V is possible, but performance is significantly reduced. See curve in Figure 5.
2. Reference voltage, Vger, is typically at 1/2V¢c.

FUNCTIONAL DESCRIPTION

This section describes the basic subsystems
and applications of the NE/SA575
Compandor. More theory of operation on
compandors can be found in AN174 and
AN176. The typical applications of the
NES575 low voltage compandor in an
Expandor (1:2), Compressor (2:1) and
Automatic Level Control (ALC) function are
explained. These three circuit configurations
are shown in Figures 1, 2, 3 respectively.

The NE575 has two channels for a complete
companding system. The left channel, A, can
be configured as a 1:2 Expandor while the
right channel, B, can be configured as either
a 2:1 Compressor, a 1:2 Expandor or an
ALC. Each channel consists of the basic
companding building blocks of rectifier cell,
variable gain cell, summing amplifier and
Vger cell. In addition, the NE575 has two
additional high performance uncommitted op
amps which can be utilized for application
such as filtering, pre-emphasis/de-emphasis
or buffering.

Figure 4 shows the complete schematic for
the applications demo board. Channel A is
configured as an expandor while channel B is
configured so that it can be used either as a
compressor or as an ALC circuit. The switch,
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81, toggles the circuit between compressor
and ALC mode. Jumpers J1 and J2 can be
used to either include the additional op amps
for signal conditioning or exclude them from
the signal path. Bread boarding space is
provided for R1, R2, C1, C2, R10, R11, C10
and C11 so that the response can be tailored
for each individual need. The components as
specified are suitable for the complete audio
spectrum from 20Hz to 20kHz.

The most common configuration is as a unity
gain non-inverting buffer where R1, C1, C2,
R10, C10 and C11 are eliminated and R2 and
R11 are shorted. Capacitors C3, C5, C8, and
C12 are for DC blocking, and R4 and R8
provide termination (for the capacitors). In
systems where the inputs and outputs are AC
coupled, these capacitors and resistors can
be eliminated. Capacitors C4 and C9 are for
setting the attack and release time constant.

Cé is for decoupling and stabilizing the
voltage reference circuit. The value of C6
should be such that it will offer a very low
impedance to the lowest frequencies of
interest. Too small a capacitor will allow
supply ripple to modulate the audio path. The
better filtered the power supply, the smaller
this capacitor can be. R5 and R12 provide
DC reference voltage to the amplifiers of

210

channel B. R6 and R7 provide a DC
feedback path for the summing amp of
channel B, while C7 is a short-circuit to
ground for signals. C14 and C15 are for
power supply decoupling. C14 can also be
eliminated if the power supply is well
regulated with very low noise and ripple.
Figure 8 shows the PC board layout of the
applications demo board.

DEMONSTRATED
PERFORMANCE

The applications demo board was built and
tested for a frequency range of 20Hz to
20kHz with the component values as shown
in Figure 4 and Vcc = 5V. In the expandor
mode, the typical input dynamic range was
from —34dB to +12dB where 0dB is equal to
100mVgys. The typical unity gain level
measured at 0dB @ 1kHz input was +0.5dB
and the typical tracking error was +0.1dB for
input range of —30 to +10dB.

In the compressor mode, the typical input
dynamic range was from —42dB to +18dB
with a tracking error +0.1dB and the typical
unity gain level was +0.5dB.

In the ALC mode, the typical input dynamic
range was from -42dB to +8dB with typical
output deviation of +0.2dB about the nominal
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output of 0dB. For input greater than +9dB in
ALC configuration, the summing amplifier
sometimes exhibits high frequency
oscillations. There are several solutions to
this problem. The first is to lower the values
of R7 and R8 to 20kQ each. The second is
to add a current limiting resistor in series with
C13 at Pin 13. The thirdis to add a
compensating capacitor of about 22 to 30pF
between the input and output of summing
amplifier (Pins 12 and 14). With any one of
the above recommendations, the typical ALC
mode input range increased to +18dB
yielding a dynamic range of over 60dB.

EXPANDOR

The typical expandor configuration is shown
in Figure 1. The variable gain cell and the
rectifier cell are in the signal input path. The
Vger is always 1/2 V¢ to provide the
maximum headroom without clipping. The
0dB ref is 100mVgys. The inputis AC
coupled through C5, and the output is AC
coupled through C3. If in a system the inputs
and outputs are AC coupled, then C3, C5, R3
and R4 can be eliminated, thus requiring only
one external component, C4. The variable
gain cell and rectifier cell are DC coupled so
any offset voltage between Pins 4 and 9 will
cause small offset error current in the rectifier
cell. This will affect the accuracy of the gain
cell. This can be improved by using an extra
capacitor from the input to Pin 4 and
eliminating the DC connection between Pins
4and9.

The expandor gain expression and the attack
and release time constant is given by
Equation 1 and Equation 2, respectively.

Equation 1.

4Vin(avg)

Expandor gain = m

where Viy(avg) = °~975VIN(RMS)

Equation 2.

TR =TA = 10k X Cpect = 10k X C4
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COMPRESSOR

The typical compressor configuration is
shown in Figure 2. In this mode, the rectifier
cell and variable gain cell are in the feedback
path. R6 and R7 provide the DC feedback to
the summing amplifier. The inputis AC
coupled through C12 and outputis AC
coupled through C8. In a system with inputs
and outputs AC coupled, C8, C12, R8, and
R9 could be eliminated and only R5, R6, R7,
C7, and C13 would be required. If the
external components R5, R6, R7 and C7 are
eliminated, then the output of the summing
amplifier will motor-boat in absence of signals
or at extremely low signals. This is because
there is no DC feedback path from the output
to input. In the presence of an AC signal this
phenomenon is not observed and the circuit
will appear to function properly.

The compressor gain expression and the
attack and release time constant s given by
Equation 3 and Equation 4, respectively.

Equation 3.

112
Compressor gain = E.Qk X 100”Ai|
4Vin(avg)

where Vy(avg) = 0.975ViNRrus)

Equation 4.

TR =Ta= 10k X Crect = 10k x C4
AUTOMATIC LEVEL CONTROL

The typical Automatic Level Control circuit
configuration is shown in Figure 3. It can be
seen thatitis quite similar to the compressor
schematic except that the input to the rectifier
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cell is from the input path and not from the
feedback path. The inputis AC coupled
through C12 and C13 and the output is AC
coupled through C8. Once again, as in the
previous cases, if the system input and
output signals are already AC coupled, then
C12, C13, C8, R8 and R9 could be
eliminated. Concerning the compressor,
removing R5, R6, R7 and C7 will cause
motor-boating in absence of signals. Ccomp
is necessary to stabilize the summing
amplifier at higher input levels. This circuit
provides an input dynamic range greater than
60dB with the output within +0.5dB typical.
The necessary design expressions are given
by Equation 5 and Equation 6, respectively.
Equation 5.
3.9k x 100pA

ALCgain= ————
4Vin(avg)

Equation 6.
TR =7TA = 10k X Crecr = 10k x C9

Figure 5 shows that the unity gain error
remains small over a wide range of supply
voltages. The unity gain error is important
because it effects the tracking error. So, to
achieve the best unity gain error, provide a
power supply voltage of 4 to 5V to the
NE575.

Figures 6 and 7 show the output level over a
range of frequencies and inputs for the
compressor and expandor, respectively.
These graphs reveal that the compandor has
a constant and flat output. This is important
because the signal will not be altered.



Signetics RF Communications

Product specification

Low voltage compandor in shrink small

outline package

NE/SA575SSOP

cs
EXPIN o—| c3 A3
104F 1} “\—0 EXP OUT
11
10pF 200
R4 <100k
1c23250s
Rs Re
A, AAA
20k 30k _L 30Kk
1"
VREF <>_‘ =
8 12 .
.
'
s 14, o8 RO
c12 1 : 1} AAA—O COMP OUT
compIN o—— } A ' 104F 200
10pF 10k I :
' R8 < 100k
'
'
;

Figure 2. Typical Compressor Configuration
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Low voltage compandor in shrink small NE/SA575SSOP
outline package
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Figure 3. Typical ALC Configuration
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Figure 4. Signetics NE575 Low Voltage Expandor/Compressor/ALC Demo Board
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Product specification

Low voltage compandor in shrink small
outline package

NE/SA575SSOP
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Figure 5. Unity Gain Error vs Supply Voltage
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Low voltage compandor in shrink small

. NE/SA575SSOP
outline package
TYPICAL PERFORMANCE CHARACTERISTICS
GENERAL DIAGRAM
8 10uF
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Figure 6. Compressor Output Frequency Response
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Low volt compandor in shrink small
ow voltage comp S NE/SA575SSOP
outline package
TYPICAL PERFORMANCE CHARACTERISTICS (continued)
8
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Figure 7. NE575 Expandor Output Frequency Response
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Low voltage compandor in shrink small

outline package NE/SA575SSOP
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Figure 9. The Companding Function
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Low power compandor NE/SA576

DESCRIPTION FEATURES PIN CONFIGURATION
The NE/SA576 is a unity gain level ® Operating voltage range: 1.8V to 7V
programmable compandor designed for low . D and N Packages
power applications. The NE576 is internally ® Low power consumption
configured as an expandor and a compressor (1.4mA @ 3.6V) ]
to minimize external component count. © Over 80dB of dynamic range acetLy [1] [14] vec
The NE576 can operate at 1.8V. During © Wide input/outout swi bl rectiy [2] [13] compcap,
normal operations, the NES76 can operate (r;ili:-]zl) output swing capability EXPcap E ) E] COMPIN
from at least a 2V battery. If the battery EXP LT_ E COMPCAPy
voltage drops to 1.8V, this part will still ® | ow external component count our
continue to function, however, turning on the ® ESD hardened VRer | 5 E] RECT|N
partat a Vg of 1.8V requires two external a ner L6 o] aeeLun
resistors to bring Vger to half Vgg. One 7 s
resistor connects between Veg and Vper; the GND l: 2] cowpour
other connects from Vger to ground. A APPLICATIONS
typical value for these external resistors is .
approximately 20k. A lower value can be Cordless telephone
used, but the power consumption will go up. ® Consumer audio
The NE576 is available in a 14-pin plastic ® Wireless microphones
DIP and SO packages.
©® Modems
® Electric organs
® Hearing aids
® Automatic level control
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0to +70°C NES76N
14-Pin Plastic SO 0 to +70°C NE576D
14-Pin Plastic DIP —40 to +85°C SA576N
14-Pin Plastic SO —40 to +85°C SA576D

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
NE576 SA576
Vee Supply voltage 8 8 \
Ta Operating ambient temperature range 0to +70 —40to +85 °C
Tsta Storage temperature range —65to +150 | —65 to +150 °C
' Thermal impedance gg’ 19205 % :gN/WV
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Low power compandor NE/SA576

BLOCK DIAGRAM and TEST AND APPLICATION CIRCUIT

10pF
COMPcAp2
l cs
RECT|N | *é 22uF
EXPcap |_ 30k 10k }
c2 Iz‘zpF 1_3 COMPy
I c3 EXPANDOR coMp
 —— CAP1
= “ a | 18 ] .
EXPout 104 | TJecs
10K RECTIFIER I 22pF
vrer ©4 . 8.6k
L+
RECT,
! LS 1 K+ ™
10k VREF
— ] 10k
= R BANDGAP ~ acELLN
Ro* [ 6| IREF Vee COMPRESSOR
GND PWRDN GAINCELL 05
1° 4 COMPoyT
Loan LT [ 1 | _|_ ol
- 1nF [C1 TO
| . PIN4
PWRDN/
wore © L8 ] —o sumy
10
*R1, R2 and R3 are 1% resistors. 10uF

ELECTRICAL CHARACTERISTICS

Ta = 25°C, Vg = 3.6VDC, compandor 0dB level = —20dBV = 100mVgys, output load R. = 10kQ, Freq = 1kHz, unless otherwise specified. R1,
R2 and R3 are 1% resistors.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA576 UNITS
MIN TYP MAX

Veo Supply voltage? 2 36 7 v
lec Supply current R':ii'gg% 1.4 3 mA

VRer Reference voltage? Vee = 3.6V 1.8 \"
RL Summing amp output load 10 kQ
THD Total harmonic distortion 1kHz, 0dB, BW = 3.5kHz 0.25 1.5 %
Eno Expandor output noise voltage BW = 20kHz, Rg = 0Q 10 30 nv
0dB Unity gain level 0dB at 1kHz -1.5 0.18 15 dB
Vos Output voltage offset No signal -150 1 150 mV
Expandor output DC shift No signal to 0dB -100 7 100 mV

Tracking error relative to 0dB output -20dB expandor -1.0 0.3 1.0 dB

Crosstalk, COMP to EXP 1kHz, 0dB, Cger = 10puF -80 dB

Vo Output swing low 0.2 \

Output swing high Vec-0.2 \

NOTE:

1. Operation down to V¢ = 1.8V is possible, see description on front page of NE576 data sheet.
2. Reference voltage, Vger, is typically at 1/2 Vce.
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Product specification

Low power compandor

NE/SA576

TYPICAL PERFORMANCE CHARACTERISTICS
Vee = 3.6V, Ta = 25°C, R1=R3=18.7kQ, R2=24.3kQ, 0dB level = 100mV, Freq. = 1kHz

SUPPLY CURRENT vs SUPPLY VOLTAGE

SUPPLY CURRENT vs TEMPERATURE
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Unity gain level programmable power compandor NE/SA577

DESCRIPTION APPLICATIONS PIN CONFIGURATION
The NE/SA577 is a unity gain level ® High performance portable
programmable compandor designed for low communications D and N Packages
power applications. The NE577 is internally )
configured as an expandor and a compressor @ Cellular radio Ij_v""
to minimize external component count. @ Cordless telephone GCELLN 1 4] vee
The NE577 is available in a 14-pin plastic o Consumer audio recTy [2] % COMPcap2
DIP and SO packages. EXPGAP E 12| COMPy
FEATURES ® Wireless microphones EXPout E: E COMPcAP1
® Operating voltage range: 1.8V to 7V © Modems vrer (5] 19] RecTiN
) ® Electric organs trer 8 9] GeeLuy
® Low power consumption
(1.4mA @ 3.6V) © Hearing aids ano 7] ] compour
©® 0dB level programmable ® Automatic level control (ALC)
(10mVgus to 1.0Vrus)
® Over 90dB of dynamic range
® Wide input/output swing capability
(rail-to-rail)
® Low external component count
©® SA577 meets cellular radio specifications
® ESD hardened
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0to +70°C NES77N
14-Pin Plastic SO 0to +70°C NES77D
14-Pin Plastic DIP —40 to +85°C SA577N
14-Pin Plastic SO —40 to +85°C SA577D
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
NE577 SAS577
Vee Supply voltage 8 8 \
Ta Operating ambient temperature range 0to +70 —40 to +85 °c
Tsta Storage temperature range —65t0 +150 | —65 to +150 °c
o Thermal impedance DIP 90 90 °C/W
A SO 125 125 oCIW
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Unity gain level programmable power compandor NE/SA577

ELECTRICAL CHARACTERISTICS

Ta =25°C, Vo = 3.6VDC, compandor 0dB level = —~20dBV = 100mVgys, output load R = 10k, Freq = 1kHz, unless otherwise specified. R1,
R2 and R3 are 1% resistors.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA577 UNITS
MIN TYP MAX
Vee Supply voltage’ 2 36 7 \'
lee Supply current Rgis;ggilg 1.4 2 mA
VRer Reference voltage? Vee = 3.6V 1.7 18 1.9 \'%
RL Summing amp output load 10 kQ
THD Total harmonic distortion 1kHz, 0dB, BW = 3.5kHz 0.25 15 %
Eno Expandor output noise voltage BW = 20kHz, Rg = 0Q 10 25 uv
0dB Unity gain level 0dB at 1kHz -1.5 0.18 15 dB
Programmable range?® R1 = R3 = 18.7kQ, R2 = 24.3kQ 0 dBvV
R1 = R3 = 22.6kQ, R2 = 100kQ -10 dBvV
R1 = R3 = 7.15kQ, R2 = 100kQ -20 dBvV
R1 = R3 = 1.33kQ, R2 = 200kQ —40 dBv
Vos Qutput voltage offset No signal -150 1 150 mV
Expandor output DC shift No signal to 0dB -100 7 100 mV
Tracking error relative to 0dB output -20dB expandor -1.0 0.3 1.0 dB
Crosstalk, COMP to EXP 1kHz, 0dB, CRrer = 10pF -80 -65 dB
Vo Qutput swing low 0.2 \
Output swing high Vee—-0.2 \

NOTE:
1. Operation down to Ve = 1.8V is possible, see application note AN1762.
2. Reference voltage, Vger, is typically at 1/2 Vee.

3. x;\}ity gain level can be adjusted CONTINUOUSLY between —40dBV = 10mVgys and 0dBV = 1.0Vgys. For details see application note
1762.
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Unity gain level programmable power compandor NE/SA577

BLOCK DIAGRAM and TEST AND APPLICATION CIRCUIT
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Y i
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L
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10
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1ouF VREF R3*
= BANDGAP 10k
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7 8 + }gb COMPoYT
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= GND 1nF
*R1, R2 and R3 are 1% resistors. TOPIN4
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Unity gain level programmable power compandor NE/SA577

TYPICAL PERFORMANCE CHARACTERISTICS
Vg = 3.6V, Ta = 25°C, R1=R3=18.7kQ, R2=24.3kQ, 0dB level = 100mV, Freq. = 1kHz

SUPPLY CURRENT vs SUPPLY VOLTAGE SUPPLY CURRENT vs TEMPERATURE
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Product specification

Unity gain level programmable low power compandor

NE/SA578

DESCRIPTION

The NE/SA578 is a unity gain level
programmable compandor designed for low
power applications. The NE578 is internally
configured as an expandor and a compressor
to minimize external component count.

The summing amplifiers of the NE578 have
600W drive capability and the inverting input
of the compressor amplifier is accessible
through Pin 9 for summing multiple external
signals. Power Down/Mute function is active
low and requires an open collector output
logic configuration at Pin 8. If Power Down/
Mute is not needed, Pin 8 should be left
open. When the part is muted, supply current
drops to 170mA at 3.6V. The NE578 is
available in a 16-pin plastic DIP and SO
packages.

FEATURES
© Operating voltage range: 1.8V to 7V

® Low power consumption
(1.4mA @ 3.6V)

® 0dB level programmable
(10mVgums to 1.0Vgms)

® Wide input/output swing capability

® Low external component count

® SA578 meets cellular radio specifications
® ESD hardened

® Power Down mode
(Icc = 170mA @ 3.6V)

©® Mute function
® Multiple external summing capability

® 600W drive capability

APPLICATIONS

® High performance portable
communications

® Cellular radio
©® Cordless telephone

® Consumer audio

® Over 90dB of dynamic range
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic DIP 0to +70°C NE578N
16-Pin Plastic SO 0to +70°C NE578D
16-Pin Plastic DIP —40 to +85°C SA578N
16-Pin Plastic SO —40 to +85°C SA578D
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
NE578 SAS578
Vee Supply voltage 8 8 Vv
Ta Operating ambient temperature range 0to +70 —40 to +85 °c
Tsta Storage temperature range —65to +150 | —65 to +150 °c
o Thermal impedance glcb; 192% %05 :C/W
C/W
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PIN CONFIGURATION

D and N Packages

——
GCELLN E E] Vee
recyy [2] [15] compcapz
expcar (2] [14] comey
EXPout E % COMPCAP1

vrer 5] RECTN

trer (2] [11] aceLun

anp [7] [10] compour
PWRDN/

VRON = 9 | SUMNODE

® Wireless microphones

©® Modems

® Electric organs

® Hearing aids

©® Automatic level control (ALC)
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Product specification

Unity gain level programmable low power compandor

NE/SA578

BLOCK DIAGRAM and TEST AND APPLICATION CIRCUIT
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Unity gain level programmable low power compandor NE/SA578

ELECTRICAL CHARACTERISTICS
Ta = 25°C, Vg = 3.6VDC, compandor 0dB level = —20dBV = 100mVpys, output load R, = 10k, Freq = 1kHz, unless otherwise specified. R1,
R2 and R3 are 1% resistors.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS NE/SA578 UNITS
MIN TYP MAX
Vee Supply voltage! 2 36 7 \Y
lge | SupPly current ggf;:fggwn No signal, Ry = 100kQ . 2 ':ﬁ
VRer Reference voltage? Vee = 3.6V 1.7 1.8 1.9 \'
RL Summing amp minimum output load 600 Q
THD Total harmonic distortion 1kHz, 0dB, BW = 3.5kHz 0.25 1.0 %
Eno Expandor output noise voltage BW = 20kHz, Rg = 0Q 10 20 nv
0dB Unity gain level 0dB at 1kHz -1.0 0.18 10 dB
Programmable range® R1 = R3 = 18.7kQ, R2 = 24.3kQ 0 dBv
R1 = R3 = 22.6kQ, R2 = 100kQ -10 dBvV
R1 = R3 = 7.15kQ, R2 = 100kQ -20 dBV
R1=R3 = 1.33kQ, R2 = 200kQ —40 dBvV
Vos Output voltage offset No signal -150 1 150 mV
Expandor output DC shift No signal to 0dB -100 7 100 mV
Tracking error relative to 0dB output -20dB expandor -1.0 0.3 1.0 dB
Crosstalk, COMP to EXP 1kHz, 0dB, Crer = 10puF -80 -85 dB
Vo Output swing low 0.2 \
Output swing high Vec—-0.2 Vv
Power Down/Mute low level 0 04 \
Power Down/Mute input current Pin 8 grounded —65 pA

NOTE:

1. Operation down to V¢ = 1.8V is possible, see application note AN1762,

2. Reference voltage, Vger, is typically at 1/2 Vee.

3. lAJ;jlity gain level can be adjusted CONTINUOUSLY between —40dBV = 10mVgys and 0dBV = 1.0Vgys. For details see application note
1762,
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Unity gain level programmable low power compandor NE/SA578

TYPICAL PERFORMANCE CHARACTERISTICS
Ve = 3.6V, Ta = 25°C, R1=R3=18.7kQ, R2=24.3kQ, 0B level = 100mV, Freq. = 1kHz

SUPPLY CURRENT vs SUPPLY VOLTAGE SUPPLY CURRENT vs TEMPERATURE
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Companding with the NE577 and NE578

Author: Alvin K. Wong

INTRODUCTION

This application note is written for the
designer who understands the basic
functions of companding and wants to
use the NE577 or NE578. If a designer
is not familiar with the functionality of
compandors, a good discussion can be
found in the earlier Philips
Components-Signetics compandor data
sheets and applications notes.

Key topics discussed in this paper are:

* How to program the unity gain level
(0dB)

o How to implement an automatic level
control

¢ How to get the best companding
performance under strict design
requirements

¢ How to set the attack and recovery
time

o How to operate at 1.8V

* How to sum external signals using the
NE578

* How to power-down the NE578

o How to mute the NE578

o How to use the NE577 and NE578 as
a dual expandor

But before reviewing these areas, a
summary of Philips Components-
Signetics compandor family will be
presented. A system designer can then
determine which compandor is best for
the design.

SUMMARY OF COMPANDOR
FAMILY

In the past, Philips
Components-Signetics offered four
different types of compandors: the
NES570, NE571, NE572, and NES75.
Each of the four compandors has its
own ‘claim to fame’. The NE570 and
NES571 are known to work well in high
performance audio applications. The
only real difference between the two is
that the NE570 has a slight edge in
performance. However when separate
attack and recovery times are needed,
the NE572 is the compandor to choose.
The NE575 becomes useful when there
are low voltage requirements.

With the increasing demand for low
current consumption, good flexibility,
and ease of use in semiconductors,

September 1990

Philips Components-Signetics is offering
three additional compandors to its
family, the NE576, NE577 and NE578.
These compandors typically require an
lec of 1.4mA at a Ve of 3.6V, but Philips
Components-Signetics has
demonstrated that these new chips are
functional down to 1.8V.

In addition to having low power
consumption, the NE578 has a
power-down mode. In this mode, the
chip consumes only 170pA. This
power-down mode is useful when the
functionality of the chip is not needed at
all times. In the power-down mode , the
NE578 maintains all of its pin voltages at
all their normal DC operating voltages.
Because all of the capacitors remain
charged in this mode, the power-up
state will occur quickly. Powering down
automatically mutes the NE578. Having
the mute function internal to the NE578
audio section eliminates the need for an
external switch. The NE578 is the only
compandor in the family that has
power-down and mute functions.

To allow for greater flexibility, the 0dB
level is now programmable for the
NES577 and NE578. However, for the
NES576, the 0dB level is specified and
set at 100mVgpys. The earlier
compandors also have a set unity gain
(0dB) level. The NE570 and NE571
have a set 0dB level at 775mVgys.
While the NE572 and the NE575 both
have their 0dB levels at 100mVgys. If a
designer wanted a different 0dB level,
two op amps would have to be
implemented in the design. One of the
op amps would connect to the input of
the compandor, while the other op amp
would connect to the output. But with
the NE577 and NES78, these external
op amps are no longer needed. The
0dB level can be programmed from
10mVgys to 1Vgys with three external
resistors.

Many of the external parts in the
previous family of compandors are now
internal to the device. Additionally, the
left side of the chip is configured as an
expandor, and the right side is
configured as a compressor. This
allows for minimum part count and fewer
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variations in systems design. The
external capacitors are also reduced in
value which saves board space and
cost. The only trade-off with using
smaller capacitors is that there is less
filtering. Because of this new approach,
the NE576, NE5S77 and NE578 are easy
to implement in any design.

Table 1 shows a brief summary of all the
compandors. The seven different
compandors offer a wide range of
flexibility: different types of packages,
power-down capability, programmable or
fixed unity gain, different reference
voltages, a wide range of operating
voltages and currents, different pin outs,
etc. From this information, a designer
can quickly choose a compandor which
best meets the design requirements.
After a compandor is chosen from the
table, a designer can find additional help
from data sheets and application notes.

Since power consumption is important in
most designs, it is important to discuss
them in this application note. The
NES570, NE571, and NE572 have built in
voltage regulators, therefore, the current
consumption remains roughly the same
over the specified supply voltages. This
can be especially useful when the power
supply is not regulated very well.
However with the NE575, NE576,
NE577, and NE578, the current
consumption will drop as the supply
voltage decreases. For this, the power
consumption will drop also. This means
one can operate the part at a very low
power level. This is a good feature for
any design having strict power
consumption guidelines.

INTRODUCING NES577 AND NE578
Figure 1 and 2 show block diagrams of
the NE577 and NE578 respectively.
The only substantial difference between
the two is that the NE578 has a
power-down capability, mute function
and summing capabilities (for signals
like DTMF tones). In addition the
NES578 summing amplifiers are capable
of driving 600Q loads. Listed below are
the basic functions of each external
component for Figure 1 (NE577).
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Table 1. Compandor Family Overview
: NES570 NE571 NE572 NES575 NE576 NE577 NE578
Vee 6-24V 6-18V 6-22V 3-7v 2-7v 2-7V 2-7V
lcc 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
NE: Oto +70°C NES70F NES71F NES572N NES75N NES76N NES77N NES78N
SA: —40to +85°C NES70N NES71N NE572D NE575D NE576D NES77D NES78D
N: Plastic DIP NE570D NE571D NE575DJ
D: Plastic SO
F: Ceramic DIP SA571F SA572F SA575N SA576N SA577N SA578N
DJ: SSOP SA571N SA572N SA575D SA576D SA577D SA578D
(Shrink Smalll SA571D SA572D SA575DJ
Outline
Package)
ﬂ'&}‘(‘:‘m‘:‘oﬁ;“ oo oot onth < | Right Channel | Right Channel | Right Channel | Right Channel
Reference Voltage Fixed 1.8V Fixed 1.8V Fixed 2.5V Vee/2 Vec/2 Vee/ 2 Vee/ 2
Unity Gain 775mVams 775mVaus 100mVgms 100mVgpms 100mVgys | 10mV to 1Vgys | 10mV to 1Vgus
Power-Down NO NO NO NO NO NO YES (170pA)
Key Features -Excellent -Excellent -Independent | -2 Uncom- -Low power -Low power -Low power
Unity Gain Unity Gain Attack & Re- | mited on-chip | -Low external |-Programmable | -Programmable
Tracking Error | Tracking Error | covery Time op amps component unity gain unity gain
-Excellent -Excellent -Good THD available count -Power down
THD THD -Needs ext. -Low voltage -Mute function
summing op -Summing
amp capability
(DTMF)
-600Q drive
capability
Applications High High High Consumer Battery Battery Battery
Cordless Phones performance | performance | performance | audio circuits powered powered powered
Cellular Phones audio circuits | audio circuits | audio circuits systems systems systems
Wireless Mics
Modems “Hi-Fi “Hi-Fi “Hi—Fi Studio
Consumer Audio Commercial Commercial Quality” “Commercial | "Commercial “Commercial “Commercial
Two-way Quality” Quality” Quality” Quality” Quality” Quality”
Communications

NOTES: NE5750/5751 are also excellent audio processor components for high performance cordless and cellular applications that include the
companding function..
*lcc varies with Vee.

R1 - Determines the Unity Gain Level for the

Expandor

R2 — Determines What Value the Reference
Current (Irgr) will be for the Part (Also

Affects Unity Gain Level)

R3 - Determines the Unity Gain Level for the

Compressor

September 1990

C1 - DC Blocking Capacitor

C2 — Determines the Attack and Recovery
Time for the Expandor

C3 - DC Blocking Capacitor
C4 — Used to AC Ground the Vggr Pin

C5 —Provides AC Path from Gain Cell to
Output of Summing Amp
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C7 - DC Blocking Capacitor

C8 — Provides AC Ground for the DC
Feedback Path

C9 - DC Blocking Capacitor

*C10 — Increases the Dynamic Range and
limits the Frequency Response to less
than 500kHz
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Listed below are the basic functions of each

external component for Figure 2 (NE578).

R1 — Determines the Unity Gain Level for the
Expandor

R2 - Determines What Value the Reference
Current (Igge) will be for the Part (Also
Affects Unity Gain Level)

R3 — Determines the Unity Gain Level for the
Compressor

R4 — Used to Set the Gain of an External
Signal like DTMF Tones and Sum them
with the Companded Signal

C1 - DC Blocking Capacitor

C2 — Determines the Attack and Recovery
Time for the Expandor

C3 — DC Blocking Capacitor

C4 — Used to AC Ground the Vger Pin

C5 — Provides AC Path from Gain Cell to
Output of Summing Amp

C6 — Determines the Attack and Recovery
Time for the Compressor

C7 - DC Blocking Capacitor

C8 — Provides AC Ground for the DC
Feedback Path

C9 — DC Blocking Capacitor
C10 -~ DC Blocking Capacitor

*C11 — Increases the Dynamic Range and
limits the Frequency Response to less
than 500kHz

*Note: Bandwidth limiting is done to increase
high frequency noise immunity and to make
the performance of the part independent of
layout or load capacitance.

HOW TO PROGRAM THE UNITY
GAIN LEVEL (0dB)

Three external resistors R1, R2, and R3
define the unity gain level. Both the NE577
and the NES78 0dB levels can vary from
10mVgus to 1.0VRus. These limits are used
in product characterization, but these parts
can function over a wider 0dB level range.

In most applications the 0dB level is equal for
both the compressor and expandor side.
Therefore, R1 and R3 are equal in value. R3
sets the 0dB level for the compressor side,
and R1 sets the 0dB level for the expandor
side. However, there could be a situation
where a design requires different 0dB levels
for compression and expansion. This will not
be a problem with the NE577 or NE578, due
to the separate 0dB level programming.

Using the formulas below, a designer can
calculate the resistor values for a desired
unity gain level.
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Ry = Yse
Irer
where Vg = Bandgap Voltage
Iper = Reference Current
(Vgg is brought out on Pin 6 and R2
determines the Iggr value)

Formula 1:

_ 0.9  Vingys

Rl
where Vg, is the 0dB level
(R4 = Ra in most cases)

Formula2: R,

Programming the Unity Gain Level for the
NES577 also applies for the NE578.

Example:

Program the NE577 or NE578 for a 0dB
Level at 100mVgys

Step 1: Vgg=1.26V.......Typically
lger=12.6pA.....Good Starting Point

_ 126V
2= 126
R2 = 100k
Step 2:
0.9V,
Ri=Rs = INpys
Irer
0. 100mV,
R1=R3=( 9V) (100mVgus)

12,604
Ry =Rg="7.15k

Step 3: Ry = R3 = 7.15k (1% value)
Rp = 100k (1% value)

Step 4: Plug in these resistor values and
measure for unity gain. Adjust
accordingly for accuracy.

NOTE: Rough Limits for Resistors:
1k < R1 < 100k (1% values)
20k < R2 < 200k (1% values)
1k < R3 < 100k (1% values)

Rough Limits for Iggg

6.3pA < |ger < 63pA
The example above gives pretty close
results. A designer should use 1% resistors
to get the best performance. Below in Table
2 are some recommended values to get
started:

Table 2. Recommended Resistor
Values for Different 0dB Levels

0dB Level | dBv R, R; &R;
1.0VRus 0 24.3k 18.7k
316.2mVgms | —10 100k 22.6k
100mVgys | —20 100k 7.15k
10mVgems —40 200k 1.33k
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PARAMETERS THAT LIMIT THE
DYNAMIC RANGE

The above example is a good place to start,
but to get the optimum performance from the
NES77 and NE578, a designer needs to
understand certain key parameters. Iggr is
important because it determines the values
for all three resistors (R1, R2, and R3). Since
|rer is directly related to Icc (see Figure 3),
one should be careful in choosing a value. If
one chooses a high Iger current, power
consumption goes up. However the output
signal will have excellent low level distortion
(see Figures 4 and 5). If one chooses a low
Irer value, distortion at the output will
increase slightly. Conversely, the power
consumption is reduced, which might be
worth the trade-off in battery operated
designs.

The dynamic range of the NE577 and NE578
is determined by supply voltage (Vcc) and
reference current (Igeg). Irer determines
how well the compandor will perform with low
level input signals. The supply voltage
determines how high (in level) an input signal
can be before clipping appears on the output
(in some cases increasing Ipgr also helps). A
designer needs to estimate the input range
going into the compandor so that an
appropriate Vg and Iger can be chosen.

The bandgap voltage (Vgg) slightly varies
over a wide range of |ger currents (Figure 6).
Figure 7 shows how Iggr varies with R2. The
higher R2 is, the lower Iggr is. Figure 8
shows how the dynamic range varies over
different values of Iger (the higher the supply
voltage the better the dynamic range). The
graphs in Figures 3 - 8 were taken at
Vcc=3.6V, F=1kHz and 0dB
level=100mVgus. The Iggr current was
limited between 5pA and 40pA.

It can be seen that Iger plays an important
role in current consumption, THD, and
dynamic range. With the aid of these figures,
one can determine an Iggr which meets the
design goals.

Example:

Making use of the graphs in Figures 3 - 8 and
formulas 1 and 2, design a compandor with a
0dB level of 100mVgys. Try to achieve a
THD of 0.1 on the compressor side with wide
dynamic range. Operate at a supply voltage
of 3.6V but with the lowest possible current
consumption.

Step 1: According to Figure 5, an Iggr of

30pA is required for approximately
0.1% distortion.
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Step 2: From Figure 8, the dynamic range is
approximately 92dB. So far the
requirements have been met.

Figure 3 shows us that Igc is at
1.9mA with no input signal (that's not
bad at all!).

Step 4: Calculating R1, R2, and R3

Graphical Method:
From Figure 7: For Iggr=30pA and
0dB=100mVpus R1=R3=3k R2=40k

Actual resistors available: R1=R3=3.01k (1%)
R2=40.2k (1%)

Formula Method:
From Figure 6: Vgg=1.21V for Iggr=30pA
therefore, using formula 1:

Step 3:

Ry = Yoo
Irer
121V

Ry = 30uA

Ry = 40.33k

R; = 40.2k (available in 1%)
Recall from formula 2:

Ry = 2Vus
Irer
R, = 09V) (100mVeys)
1= 30uA
Ry =3k

Ry = 3.01k (available in 1%)

Connect these external resistors with the
determined values and adjust for optimum
performance.

Bench results:

After completing the exercise above, the
resistors were connected and the results are
given below.

Icc = 1.89mA (with no input signal)

THD = 0.1 (meausured on spectrum
analyzer)

0dB = 109mVgus (off by 0.8dB...good!)

Dynamic Range = 92dB

These results are very close to what was
predicted and by tweaking R1 and R3, the
0dB error can be further reduced to zero.

BANDWIDTH OF COMPANDOR
Figure 9 shows the typical bandwidth for the
NES77 and NE578. The graphs were taken
with a Vg of 3.6V and a 0dB level of
100mVgus. The bandwidth of the expandor,
the compressor, and the compandor (where a
signal goes through the compressor and the
expandor) is shown in this figure. Although
the NE577 and NE5S78 are conservatively
specified with a 20kHz bandwidth, Figure 9
reveals that it is actually around 300kHz.
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Figure 9. Bandwidth of NE577 and NE578 Demo Board

HOW TO SET THE ATTACK AND IMPLEMENTING A The compressor side of the NES77 and
RECOVERY TIMES PROGRAMMABLE AUTOMATIC  NES578 can be configured to function as an
C2 and C8, from figures 1 and 2, set the LEVEL CONTROL automatic level control (ALC). Figure 10 and

attack and recovery times for the NE577 and
NES578. Application Note 174 (AN174)
defines A and R times and also describes
how they are measured on the bench.
Formula 3 shows how the A and R time can
be calculated.

Formula 3:
Attack Time [ms] = 10k * C2 or C6
Release Time [ms] = 4 * Attack Time

Although a fast attack time is desirable, one
must remember that there is a trade-off with
low distortion. As a general rule, a 1pF
capacitor for C2 will produce 0.2% THD at
1kHz. Since CCITT recommends an RC time
constant of 20ms for the attack time, a 2uF
capacitor is recommended for telephony
applications because it has only 0.1% THD at
1kHz and 0.33% at 800Hz.

Note: AN174 can be found in the 1989 Linear
Data Manual, Volume 1, or the RF Handbook.
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The function of an automatic level control
(ALC) is to take a given range of input signals
and provide a constant AC output level. This
type of function is useful in many audio
applications. One such application can be
found in tape recorders. When a tape
recorder with ALC is recording a
conversation, a soft spoken person will be
heard just as well as a loud spoken person
during play back. Another useful application
for ALC could be with telephony. A person
who has difficulty hearing, will not have to ask
the other party to speak up. If the phone
already has a volume control, the user has to
adjust the volume for different parties. But
with the ALC, the volume only has to be set
once.

Different constant AC output levels of an ALC
can be ‘programmed’ with the NE577 and
NES578. This allows the designer to choose
the output level that is needed in the design,
and eliminates the need for an external op
amp.

234

11 show how this can be done. The circuit
shown for the NES77/78 ALC is set up to
provide a constant output level of 100mVgus
with an input range from —34dB to +20dB at
1kHz (see Figure 12).

Below are some design equations for the
ALC:

Eq1.
R3-Ry,-])
AC output level(Vays) = [i%‘ﬂ] 111
la
where Ry, = Ra, = 10k (internal)
Vse
Ingr = 28
ReF =
Eq2.
“Ro. -1,
Maximum Gain = —-————-——4(R3 R Roy lIner
Ry, Vec
Eq3.
Gain = Fo-Roa Iner
Rla ‘ V[NRMS
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Example:
Design an ALC with a constant output level of
100mVgns with a maximum gain of 10.

Step 1: From Eq 1
R3-Ry, 1)
AC output level(Vrys) = [%] 111
la

where R, = Ry, = 10k (internal)

In terms of Ry
[AC output Ievel(VRMs)] Ry,
T Ry) eer
assuming Ry = 100k and Vg = 1.26V.

_ lmeRMs‘lok
3 T 111 10k- 12.64A

R3 = T7.15k

Step 2: From Eq 2

Maximum Gain = “Ra+Rx) Ry, - lnzr

Rip-Vee
In terms of Ry
Ry = Max. Gain) (Vee) R) R
x = Ry, Inzr i
Y = (10) (3.6V) (10k) _7.15k
4 (10k) 12.6uA
Ry = T07.1k
Ry = 715k (available)
Step 3:

—connect resistors to circuit

—measure AC output level and adjust R3
for best accuracy

—check maximum gain by applying a low
input level and adjust Rx for best results

Figure 12 shows the characteristics of the
NES77/578 ALC circuit without Rx. The
output stays at a constant 100mVgys level
for a wide range of different input AC
voltages. Any AC input signal above the
cross-over point (unity gain level) is
attenuated while any signal below the
cross-over point is amplified. The cross-over
point is where the input signal is equal to the
output signal, where Ay=1.

Figure 13 reveals the dynamic range of the
NE5S77 ALC circuit using Rx. The input range
of the ALC is reduced. Instead of a 2mVgys
input signal to get 100mVgys on the output, a
10mVpgys input signal is now required (for
Rx=681k). The purpose of limiting the
maximum gain of the circuit is to prevent
amplification of background noise. To
alleviate this problem, Rx is used. Since the
ALC was designed with a maximum gain of
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10, any input signal below 10mV will not be
amplified with a gain greater than 10
(100mvgms/10=10mvpms). Using Rx can be
an advantage because the threshold of the
ALC can be set.

Figure 14 shows that as Rx increases so
does Ay. In some applications it might be
useful to make Rx a potentiometer. This will
allow the user to adjust the threshold for
different environmental conditions.

Figures 15-18 show the results of using the
ALC for different constant output levels. Vco
and Ipgg limit the dynamic range. The upper
part of the range can be increased by either
increasing Vg and/or Iggr. The lower part of
the range can be improved by increasing
IRer.

EXTRA FEATURES FOR NE578
The NE578 has three extra functions over the
NES577. These are power-down, mute and
summing capabilities. To implement the
power-down/mute mode, Pin 8 should be
active low (open collector configuration, see
Figure 19). If the power-down/mute feature
is not used, Pin 8 should be left open. The
NE578 only consumes 170uA of current at
3.6V when Pin 8is activated. The
power-down/mute mode is useful in designs
when the function of the chip is not utilized at
all times. This feature is a necessity where
power conservation is critical.

In cellular and cordless applications, it is
common to mix DTMF tones with the audio
signal. This usually requires another op amp

in which to mix the signals. With the NE578,
however, the DTMF tones can be mixed
internally on the compressor side. The
DTMF signal is also compressed with the
audio signal and ready for data transmission.
Figure 2 shows that the summing of signals
can be done at Pin 9 with R4 and C10. If
amplification is not needed, then a 10k
resistor is a recommended value for R4. In
addition the summing amplifiers are capable
of driving 6002 loads.

THE NES577 AND NE578 AS A
DUAL EXPANDOR

The compressor side can actually be
configured as an expandor for both the
NES577 and NE578. Figure 20 shows how
this can be done. Because Pin 9 of the
NES578 is available to the designer, the
compressor side can not only be configured
as an expandor, but as an expandor with
summing capabilities.

OPERATING AT 1.8V

The NE577 and NE578 can operate at 1.8V.
However, turning on the part ata V¢c of 1.8V
requires two external resistors to bring Vger
to half Vee. One resistor connects between
Vee and Vger; the other connects from Vper
to ground. A typical value for these external
resistors is approximately 20k. A lower value
can be used, but power consumption will
increase.

There are two cases where the external
resistors can be eliminated.

Case 1: NE578 only

With the power supply at 1.8V and Pin 8
active low (power-down/mute activated), turn
on the part. Then disable Pin 8 to power up.

Case 2: NE577 or NE578

During normal operations, the NES77 and
NES578 can operate from at least a 2V
battery. If the battery voltage drops to 1.8V,
these parts will still continue to function.

NES577 AND NE578 DEMO
BOARDS

Figures 21 shows the DIP package layout for
the NES77 and NE578 demo boards,
respectively. Figures 22 shows the SO layout
for the NE5S77 and NES78 demo boards,
respectively. The layouts are configured such
that R1, R2, R3, and Rx can be removed and
replaced easily. A switch is also available to
change the operating mode of the
compressor to an ALC configuration and vice
versa (position the switch to the right for ALC
mode).

When the compressor side is being
evaluated, disconnect Rx completely from the
socket on the demo boards. Rx should only
be used when the compandor is being used
for ALC.

For the NE578 demo board, two extra post
are available. One is for power-down; the
other is for summing external signals. To
power-down, simply ground this post. To
sum signals, connect the external signal to
the proper post.

+20d8 1V

AC input level V
20i0g | i 2 RMS ) _ 4p
AC ouput level Vpps

Figure 12. Dynamic Range of NE577
ALC Demonstration Board Without Ry

NO Rx

________ 100mVRMS
Ay=1 S oo o T T o0dB
—————— 80mVRms
AC output level determined by Eq. 1. /
Values In the example give 100mV- / 40mVRmMs
RMS output. A / /
=10
10mVpys —AVMAX =10 // /
AVMAX = 10
AvmAX BMVRMS e -/
amVpms — ﬁ/M—AX—: 2 -/ Ay>1
B INPUT OF ALC OUTPUT OF ALC INPUT OF ALC OUTPUT OF ALC

+20dB—1VRMS

Figure 13. Dynamic Range of NE577 ALC Demo Board

Ay<1

with Ry = 715kQ
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Figure 18. NE577 ALC: AC Output Level = 1Vgys TE IS ACTIVE
Figure 19. Proper Use of NE578 Pin 8
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Companding with the NE577 and NE578
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