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DESCRIPTION

The NE570/571 is a versatile low cost dual
gain control circuit in which either channel
may be used as a dynamic range compres-
sor or expandor. Each channel has a full
wave rectifier to detect the average value of
the signal; a linerarized, temperature
compensated variable gain cell; and an
operational amplifier.

The NE570/571 is well suited for use in tele-
phone subscriber and trunk carrier systems,
communications systems and hi-fi audio
systems.

FEATURES

Complete compressor and expandor in
1I1C

Temperature compensated

Greater than 110dB dynamic range
Operates down to 6Vdc

System levels adjustable with external
components

Distortion may be trimmed out

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 bi-
ased at VRgeF. The rectified current is aver-
aged on an external filter capacitor tied to
the CRgecCT 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 pro-
ducing again error. The only error will come
from the bias current of the rectifier (sup-
plied internally) which is less than .1uA.
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The speed with which gain changes to fol-
low changes in input signal levels is deter-
mined 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
variable gain cell. In an expandor or com-

APPLICATIONS

Telephone trunk compandor—570
Telephone subscriber compandor—571
High level limiter

Low level expandor—noise gate
Dynamic noise reduction systems
Voltage controlled amplifier

Dynamic filters

PIN CONFIGURATION

F, N PACKAGE

Rect. Cap 1 [1] [76] Rect. Cap 2

Rect. In 1 [2] [15] Rect. In 2
AG Cell n 1[3] [14] AG Cell In 2

Gno [4] 73] vee
inv. 1n 1[5 | [12] nv. 1n 2

Res. R; 16 | [11] Res. R, 2

output 1[7] [10] output 2
THD Trim 1[ 8 9] THD Trim 2

Order Part No.

NES570 F,.N
NES71 F,N
SA571 F,N
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Positive supply Vdc
570 24
571 18
TA Operating temperature range
NE 0to 70 )
SA -40 to +85 °C
PD Power dissipation 400 mW

BLOCK DIAGRAM

1of2 THD TRIM T

R2 20K 5
variable
AG IN O VVv gain cell

R1 10K

RECT IN O————AAA——] RECTIFIER

l RECT CAP

output

pressor application, this would lead to third
harmonic distortion, so there is a tradeoff 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(t) = (Gjnitial - Gfinal) e-V7

+G 7=10K X CRecT

final;

The variable gain cell is a currentin, current
out device with the ratio loyT/l|N con-
trolled by the rectifier. 1N is the current
which flows from the AG input to an internal
summing node biased at Vggf. The follow-
ing equation applies for capacitively cou-
pled inputs. The output current, lQUT, is
fed to the summing node of the op amp.
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A compensation scheme built into the AG
cell compensates for temperature, and can-
cels 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 pro-
vides a means for nulling the internal offsets
for low distortion operation.

The operational amplifier (which is internal-
ly compensated) has the non-inverting in-
put tied to VREF, 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 expandor gain to be
determined only by internal components.
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The output stage is capable of :20mA out- TYPICAL PERFORMANCE TYPICAL TEST CIRCUIT
put current. This allows a +13dBm 3.5V cHARACTERISTICS
rms) output into a 3000 load which, with a
series resistor and proper transformer, can BASIC INPUT-OUTPUT
result in +13dBm with a 600 ) outputimped- TRANSFER CURVE Voo = 18V
ance. % +20 "-_“‘TM I:] o
A band gap reference provides the refer- 2 10 1 :-C =
ence voltage for all summing nodes, a regu- g i
lated supply voltage for the rectifierand AG 5 f—————— %
cell, and a bias current for the AG cell. The 3 10 | uRlel o e 3
low tempco of this type of reference pro- € | °",';‘ + 710 Vo
vides very stable biasing over a wide tem- R e |
perature range. g 0 | = Viar
w v &
The ty.pical performance chara.lcteristics il- § P = I 3—!!:’-“/\"" —D— —m
lustration shows the basic input-output u | | =
transfer curve for basic compressor or ex- E -50 | | | T 7
pandor circuits. 2 | | J_ l
E e | | I 8.2K 200pF
& /1 11 I I
£l L 1 1 |
o -40 -30 -20 -10 0 +10
o COMPRESSOR OUTPUT LEVEL
EXPANDOR INPUT LEVEL (dBm)
DC ELECTRICAL CHARACTERISTICS Tp =25°C, Vgg = 15V!
NES570 NE/SA5716
PARAMETER TEST CONDITIONS Min Typ Max Min Typ Max UNIT
Ve Supply voltage 6 24 6 18 v
Icc Supply current No signal 32 4.0 3.2 4.8 mA
Output current capability +20 mA
Output slew rate .5 V/us
Gain cell distortion? Untrimmed 3 1.0 o) 2.0 %
Trimmed .05 A
Resistor tolerance 5 15 %
Internal reference voltage 17 1.8 1.9 1.65 1.8 1.95 Vv
Output dc shift3 Untrimmed +20 +50 +30 +100 mV
Expandor output noise No signal, 20Hz-20kHz 20 uv
-15 dBRNC
Unity gain level -1 0 +1 -1.5 0 +1.5 dBm
Gain change?,4 -40°C < T <70°C 1 £.1 dB
0°C <T <70°C +,1 +.2 +1 +4
Reference drift4 -40°C < T <70°C +2, -25 | -10, -40 +2, -25 [+20, -50 mV
0°C <T <70°C t5 10 £5, +20
Resistor drift4 -40°C < T <70°C +8,-0 %
0°C <T <70°C +1,-0
Tracking error 5, input fectiller input,, V2 = dB
= OB +6dBm +2
-10dBm +.2 -2,+4 +.2 ~2,+:6
-20dBm +.2 -3,+.6 +,2 -4,+7
-30dBm +.2 -.5,+1 +.2 -1,+1.5
-40dBm +2,-4 +.2,-4
NOTES
1. Except where indicated, the 571 specifications are identical to the 570
2. Measured at OdBm,1kHz
3. Expandor ac input change from no signal to OdBm
4. Relative to value at Tp = 25°C
5. Relative to OdBm
6. Electrical characteristics for the SA571 only are specified over -40 to

+85°C temperature range.
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INTRODUCTION

Much interest has been expressed in high
performance electronic gain control cir-
cuits. For non-critical applications, an inte-
grated circuit operational transconduct-
ance 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 a new integrated circuit,
the NE570 Compandor, which offers a pair
of high performance gain control circuits
featuring low distortion (<.1%), high signal
to noise ratio (90dB), and wide dynamic
range (110dB).

CIRCUIT BACKGROUND

The NE570 Compandor was specifically
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 com-
pression 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 re-
stricted dynamic range channel. A comple-
mentary expansion on the receiving end
restores the original signal levels and re-
duces the channel noise by as much as
45dB.

The significant circuits in a compressor or
expandor are the rectifier and the gain con-
trol 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 dis-
tortion 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 ofan OTA is
proportional to temperature and this is very
undesirable. Therefore, a linearized trans-
conductance multiplier was designed which
is insensitive to temperature and offers low
noise and low distortion performance. It is
hoped that these features will make the
circuit as widely used in audio systems as it
will be in telecommunications systems.

BASIC CIRCUIT HOOKUP
AND OPERATION

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

channels on the I.C.). The full wave averag-
ing rectifier 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.
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Figure 1

CHIP BLOCK DIAGRAM
(1 OF 2 CHANNELS)
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The circuit is intended for use in single
power supply systems, so the internal sum-
ming nodes must be biased at some voltage
above ground. An internal band gap voltage
reference provides a very stable, low noise
1.8 volt reference denoted Vref. 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 R1 and R2)
have the same potential. The THD trim pinis
also at the Vref potential.

Figure 3 shows how the circuit is hooked up
to realize an expandor. The input signal. Vin,
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 Vout will thus drop 12dB,
giving us the desired 2 to 1 expansion.

Figure 4 shows the hookup for a compres-
sor. This is essentially an expandor placed
in the feedback loop of the op amp. The AG
cell is set up to provide ac feedback only, so
a separate dc feedback loop is provided by
the two Rdc and Cqdc. The values of Rgc will
determine the dc bias at the output of the op
amp. The output will bias to:

Vi dE2H0E Rdc1+Rdc2 Vror =(1 +Rdc tot) 4 gy
Rs 30K

The output of the expandor will bias up to:

R3 20K
Voutdc =1+ R—4Vraf =<1 + 30K 1.8V = 3.0V

The output will bias to 3.0V when the inter-
nal resistors are used. External resistors

v PIN 13
ok [1.16 o N may be placed in series with R3, (which will
Crect affect the gain), or in parallel with R4 to raise
the dc bias to any desired value.
Figure 2
BASIC EXPANDOR
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BASIC COMPRESSOR
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Figure 4

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, Vin/R1,
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 recti-
fier. The output current is averaged by Rs,
Cr, which set the averaging time constant,
and then mirrored with a gain of 2to become
lg, the gain control current.

RECTIFIER CONCEPT

v+

- I= V|N/R,

Ry

ViN O—AAN—4

Figure 5

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 Q1), which is shown grounded, is actually
tied to the internal 1.8V Vret. The inverting
input is tied to the op amp output, (the
emitters of Qs and Qg), and the input sum-
ming resistor R1. The single diode between

4

SIMPLIFIED RECTIFIER SCHEMATIC

V+

o ViIN

Q,

Q

2 VIN avg.
R1

lg =

Figure 6

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 Qe. Qe will conduct when the input
swings positive and Qs conducts when the
input swings negative. The collector cur-
rents will be in error by the « of Qs or Qe on
negative or positive signal swings, respec-
tively. IC’s such as this have typical npn 8's
of 200 and pnp B's of 40. The a's of .995 and
.975 will produce errors of .5% on negative
swings and 2.5% on positive swings. The
1.5% average of these errors yields a mere
.13dB gain error.

At very low input signal levels the bias
current of Q2, (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 vol-
tage exists between the Vin input pin and the
base of Q2, an error current of Vos/R1 will be
generated. A mere 1mv of offset will cause
an input current of 100na which will pro-
duce twice the error of the input bias cur-
rent. For highest accuracy, the rectifier
should be coupled into capacitively. At high
input levels the g of the pnp Qg will begin to
suffer, and there will be an increasing error
until the circuit saturates. Saturation can be
avoided by limiting the current into the
rectifier input to 250ua. If necessary, an
external resistor may be placed in series
with R1 to limit the current to this value.
Figure 7 shows the rectifier accuracy vs
input level at a frequency of 1kHz.

At very high frequencies, the response of
the rectifier will fall off. The rolloff will be
more pronounced at lower input levels due
to the increasing amount of gain required to
switch between Qs or Qe conducting. The

Signetics

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.

RECTIFIER ACCURACY

+1

ERROR GAIN dB

=1 1 1 1
-40 -20 0
RECTIFIER INPUT dBm

Figure 7

RECTIFIER FREQUENCY RESPONSE
vs INPUT LEVEL

INPUT = 0dBm

GAIN ERROR (dB)

FREQUENCY (Hz)

Figure 8




ANALOG DVISION

MAY 1981

CIRCUIT DESCRIPTION AND APPLICATIONS

NES70/571/SA571

VARIABLE GAIN CELL

Figure 9 is a diagram of the variable gain
cell. Thisisalinerarized two quadrant trans-
conductance multiplier1.2. Q1, Q2 and the
op amp provide a predistorted drive signal
for the gain control pair, Q3, Q4. The gain is
controlled by Ig and a current mirror pro-
vides the output current.

The op amp maintains the base and collec-
tor of Q1 at ground potential (Vref) by con-
trolling the base of Q2. The input current lin
(= Vin/R2) is thus forced to flow through Q1
along with the current |1, so Ic1 = |1 +lin.
Since |2 has been set at twice the value of |1,
the current through Q2 is l2-(11+lin) = I1-lin =
Ic2. The op amp has thus forced a linear
current swing between Q1 and Qg2, by pro-
viding the proper drive to the base of Qo.
This drive signal will be linear for small
signals, but very non-linear for large sig-
nals, since it is compensating for the non-
linearity of the differential pair Q1, Q2 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, regardless of the
magnitude of the currents. This gives us:

Ic1 Ica 11+lin

Ic2 Ic3 11-lin

plus the relationships Ig = Ic3+Ic4 and lout=
Ica-lcawill yield the multiplier transfer func-
tion,

la Vin la

IOU‘ he BB ||n=——

I R2 14

this equation is linear and temperature in-
sensitive, but it assumes ideal transistors.

If the transistors are not perfectly matched,
a parabolic, non-linearity is generated,
which results in 2nd harmonic distortion.
Figure 10 gives an indication of the magini-
tude 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 .34% of second harmonic
distortion. Most circuits are somewhat bet-
ter than this, which means our overall off-
sets are typically about 1/2mv. The distor-
tion is not affected by the magnitude of the
gain control current, and it does not in-
crease 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 been provided

SIMPLIFIED AG CELL SCHEMATIC

v+

140uA

Figure 9

to allow trimming of the internal offsets to
zero, which effectively eliminated second
harmonic distortion. Figure 11 shows the
simple trim network required.

AG CELL DISTORTION
vs OFFSET VOLTAGE

Vosg = Smv
4mV
3mv
2mv

imv

INPUT LEVEL (dBm)

Figure 10

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.

Control signal feed-through is generated in
the gain cell by imperfect device matching
and mismatches in the current sources |1
and l2. When no input signal is present,
changing Ig will cause a small output signal.
The distortion trim is effective in nulling out
any control signal feed-through, butin gen-
eral, the null for minimum feed-through will
be different than the null in distortion. The
control signal feed-through can be trimmed
independently of distortion by tying a cur-
rent source to the AG input pin. This effec-
tively trims 11. Figure 13 shows such a trim
network.

THD TRIM NETWORK

DYNAMIC RANGE OF NES570

+20 f _______________
v
cc ol
L
MAXIMUM
~ 20— SIGNAL LEVEL
R é / Ll
= 110dB
5 a0
3.6V [
B vl
6.2K —
O——AM—g 20K i
To THD Trim -
- /Nmss IN
20KHz BW
= _100 1 1 1 1 J
-40 -20 0
VCA GAIN (dB)
Figure 11 Figure 12
Signetics 5
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CONTROL SIGNAL
FEEDTHRU TRIM
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R - SELECT FOR :
3.6v

470K
100Kk S+—WA———0 TOPIN3 OR 14

Figure 13

OPERATIONAL AMPLIFIER

The main op amp shown in the chip block
diagram is equivalent to a 741 with a 1IMHz
bandwidth. Figure 14 shows the basic cir-
cuit. Split collectors are used in the input
pair to reduce gm, so that asmall compensa-
tion 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.

OPERATIONAL AMPLIFIER

Figure 14

RESISTORS

Inspection of the gain equations in Figure 3
and 4 will show that the basic compressor
and expandor circuit gains may be set en-
tirely by resistor ratios and the internal
voltage reference. Thus, any form of resis-
tors that match well would suffice for these
simple hookups, and absolute accuracy and
temperature coefficient would be of no im-
portance. 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 inte-
grated circuits, and the ion implanted resis-
tors which are used in this circuit. Over the
critical 0°C to 70°C temperature range,
there isa 10 to 1 improvement in drift froma

5% change for the diffused resistors, to a.5%
change for the implemented resistors. The
implanted resistors have another advantage
in that they can be made 1/7 the size of the
diffused resistors due to the higher resistivi-
ty. This saves a significant amount of chip
area.

RESISTANCE vs TEMPERATURE

1.15 1400 /o
DIFFUSED

RESISTOR

1.10

IMPLANTED
RESISTOR

ATHNANANNNRNNY BETLANNRS T NN
R T IR TR

1.00 1% ERROR BAND|

NORMALIZED RESISTANCE
P
o

1 I A

- 40 0 40 80 120
TEMPERATURE

Figure 15

APPLICATIONS

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

BASIC EXPANDOR

Figure 16 shows how the circuit would be
hooked up for use as an expandor. Both the
rectifier and AG cell inputs are tied to Vin so
that the gain is proportional to the average
value of (Vin). Thus, when Vin falls 6dB, the
gain drops 6dB and the output drops 12dB.
The exact expression for the gain is

The maximum input that can be handled by
the circuit in Figure 16 is a peak of 3V. The
rectifier input current can be as large as | =
3V/R1=3V/10K = 300uA. The AG cell input
current should be limited to | = 2.8V/R2 =
2.8V/20K = 1404A. If it is necessary to han-
dle larger input voltages than 0 * 2.8V pk,
external resistors should be placed in series
with R and Rz to limit the input current to
the above values.

Figure 16 shows a pair of input capacitors
Cin1and Cin2. It is not necessary to use both
capacitors if low level tracking accuracy is
not important. If R1 and R2 are tied together
and share a common capacitor, a small
current will flow between the AG cell sum-
ming node and the rectifier summing node
due to offset voltages. This current will
produce an error in the gain control signal at
low levels, degrading tracking accuracy.

The output of the expandor is biased up to
3V by the dc gain provided by R3, R4. The
output will bias up to

R3
Voutde=(1+ — )
R4

Vet

For supply voltages higher than 6V, R4 can
be shunted with an external resistor to bias
the output up to 1/2Vcc.

Note that itis possible to externally increase
R4, R2, and Rg3, and to decrease R3 and Ra.
This allows a great deal of flexibility in
setting up system levels. If larger input
signals are to be handled, R1 and R2 may be
increased; if a larger output is required, R3
may be increased. To obtain the largest
dynamic range out of this circuit, the rectifi-

. 2 R3 Vin (ave) p %
Gainexp.= ———— ;I = 140u4A er input should always be as large as possi-
R1R2ls ble (subject to the +300uA peak current
restriction).
BASIC EXPANDOR
R;
CIN1 R,
—H—W\— A6 - Vit
"8 e
<
CIN2 R,
e P—AA———] >t =
"I' CReCT
Figure 16
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BASIC COMPRESSOR

Figure 17 shows how to use the NE570/571
as a compressor. It functions as an expand-
or 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 pro-
duces 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

1
R1R2 1B /2
Gain comp. =| ———
2 R3 Vin (ave)

BASIC COMPRESSOR

R, CFq

i
> A
1
I

Vour
—O

Figure 17

The same restrictions for the rectifier and
AG cell maximum input current still hold,
which place a limit on the maximum com-
pressor output. As in the expandor, the
rectifier and 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 Rdc and the
capacitor Cdc must be provided. The op
amp output will bias up to

Rdc
Voutdc = (1 +

) Vret
R4

For the largest dynamic range, the com-
pressor output should be as large as possi-
ble so that the rectifier input is as large as
possible (subject to the +300uA peak cur-
rent restriction). If the input signal issmall, a
large output can be produced by reducing
R3 with the attendant decrease in input
impedance, or by increasing Rt or Ra. It
would be best to increase Rz rather than R4
so that the rectifier input current is not re-
duced.

DISTORTION TRIM

Distortion can be produced by voltage off-
sets in the AG cell. The distortion is mainly
even harmonics, and drops with decreasing

input signal. (Input signal meaning the cur-
rent into the AG cell.) The THD trim terminal
provides a means for trimming out the offset
voltages and thus trimming out the distor-
tion. The circuit shown in Figure 18 is suit-
able, as would be any other capable of
delivering +30uA into 1004} resistor tied to
1.8V.

THD TRIM NETWORK

Vee

To THD Trim

Figure 18

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
produces errors at low levels. The magni-
tude of the error can be estimated. For a full
scale rectifier input signal of £200uA, the
average input current will be 127uA. When
the input signal level drops to a 1uA aver-
age, the bias current will produce a 10% or
1dB error in gain. This will occur at 42dB
below the maximum input level.

It is possible to deviate from the 2 to 1
transfer characteristic at low levels as
shown in the circuit of Figure 19. Either Ra

or Rp, (butnot both), is required. The voltage
on Crect is 2xVpe plus Vin ave. For low level
inputs Vin ave is negligible, so we can as-
sume 1.3V as the bias on Crect. If Rais placed
from Crect to gnd we will bleed off acurrent|
= 1.3V/Ra. 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/Ra and the
expandor output will become active. For
large input signals, Ra 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 20
shows some examples of tracking curves
which can be obtained. Complementary
curves would be obtained fora compressor,
where at low level signals the result would
be infinite compression. The bleed current
through Ra will be a function of temperature
because of the two Vpe drops, so the low
level tracking will drift with temperature. Ifa
negative supply is available, it would be
desirable to tie Ra to that, rather than
ground, and to increase its value according-
ly. The bleed current will then be less sensi-
tive to the Vpe temperature drift.

Rb will supply an extra current to the rectifi-
er equal to (Vcc -1.3V)Rp. In this case, the
expandor transfer characteristic will deviate
towards 1to 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 21 shows some typical trans-
fer curves. An Rp value of approximately
2.5Meg would trim the low level tracking so
as to match the Bell system N2 trunk com-
pandor characteristic.

EXPANDOR WITH LOW LEVEL
MISTRACKING

R,
AAA
vV

| —MWA— 89

Vour

ViN

> VREF *
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b3

l——ww——w»—» Vee

~ CRECT

Figure 19
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MISTRACKING WITH R 5o
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Figure 20

MISTRACKING WITH R
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Figure 21

RECTIFIER BIAS CURRENT
CANCELLATION

The rectifier has an input bias current of
between 50 and 100na. This limits the dy-
namic 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 stown in Figure 22. Figure 23
shows the rectifier performance with and
without bias current cancellation.

ATTACK AND DECAY TIME

The attack and decay times of the compan-
dor are determined by the rectifier filter time
constant 10KxCrect. Figure 24 shows how
the gain will change when the input signal
undergoes a 10, 20, or 30dB changein level.

RECTIFIER BIAS CURRENT
COMPENSATION

- 15V

330K

10MEG
100K
TO RECTIFIER
INPUT
PIN 2 OR 15

Figure 22

will appear on the gain control line and
produce distortion. As a rule, a 1uf Crect will
produce .2% distortion at 1kHz. The distor-
tion is inversely proportional to both fre-
quency and capacitance. Thus, for tele-
phone applications where Crect = 2uf, the
ripple would cause .1% distortion at 1kHz
and .33% at 300hz. The low frequency dis-
tortion generated by acompressor would be
cancelled (or undistorted) by an expandor,
providing that they have the same value of
Crect-

RECTIFIER PERFORMANCE WITH
Ib COMPENSATION

o
T

3
1

RECTIFIER OUTPUT CURRENT, db
| 1
3 8
I T

WITHOUT
N Ib COMP.
-80 =~
A A A A " A A WITH
r 20 -40 60 “80 |b COMP.
RECTIFIER INPUT LEVEL, dBm
Figure 23

GAIN vs TIME FOR INPUT STEPS
OF +10,+20,+ 30dB

0dB

GAIN

-10dB

-20dB

-30d8 L L 1 1 1 1 1 1 1
0o 1 2 3 4 5 6 7 N8 9 10

TIME CONSTANTS = 10K CRgcT

Figure 24

The attack time is much faster than the
decay, which is desirable in most applica-
tions. Figure 25 shows the compressor at-
tack envelope for a +12dB step in input
level. The initial output level of 1 unit in-
stantaneously 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 compan-
dors, defines the attack time as when the
envelope has fallen to a level of 3 units,
corresponding to t = .15 in the figure. The
CCITT recommends an attack time of 3 &
2ms, which suggests an RC product of
20ms. Figue 26 shows the compressor out-
putenvelope when the input level is sudden-
ly reduced 12dB. The output, initially at a
level of 4 units, drops 12dB to 1 unitand 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 = .675 in
the figure, which again suggests a 20ms RC
product. Since R1= 10K, the CCITT recom-
mendations will be met if Crect = 2uf.

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
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FAST ATTACK, SLOW

RELEASE HARD LIMITER

The NE570/571 can be easily used to make
an excellent limiter. Figure 27 shows a typi-
cal circuit which requires 1/2 of an
NES570/571, 1/2 of an LM339 quad compara-
tor, 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 - 1 volt
peak, a comparator threshold is exceeded.
The pnp is turned on and rapidly charges Ca
which activates the AG cell. Negative feed-
back through the AG cell reduces the gain,
and the output signal level. The attack time
is set by the RC product of R1g 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 .7uA through the rectifier to
prevent C4 from becoming completely dis-
charged. The gain cell is activated when the
voltage on pin 1 or 16 exceeds two diode
drops. If C4 were allowed to 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
NE570/571, 1 LM339 and two pnp transis-
tors. The resistor networks R12, R13and R14,
R1s, 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 5KxC4
since two channels are being supplied cur-
rent from Ca.

USE OF EXTERNAL OP AMP

The operational amplifiers in the NE570/571
is not adequate for some applications. 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 28 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
10uv 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.

USE OF EXTERNAL OP AMP

EXTERNAL

OUTPUT
+

5,12

INTERNAL
= DON'T
o + 7,10 USE

0
2,15

Figure 28

N2 COMPANDOR

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

Figure 29 shows the implementation of an
N2 compressor. The input level of .245V
RMS is stepped up to 1.41V RMS by the
600Q: 20K matching transformer. The 20K
input resistor properly terminates the trans-
former. An internal 20KQ resistor (Ra) is
provided, but for accurate impedance termi-
nation an external resistor should be used.
The output impedance is provided by the 4K
output resistor and the 4K(: 600() output
transformer. The .275V RMS output level

1/2 NES70/571

FAST ATTACK, SLOW RELEASE HARD LIMITER

2/4 LM339

OR LM393

215 10K q
_-|>'—— 43K :’ Rys
R, 1,18 Rue >
_A'A'A'
2.2MEG & Ry 10K
10K
R
— " 180K
+15
In Riz
100 IWF
ouT
Rio C; Ry
100K
+15V Pin 13
GND Pin 4
R1, Rz, R4 are internal to the NE570/571. Figure 27
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N2 COMPRESSOR
R, 20K
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= a3k 43K
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Figure 29

requires a 1.41V op amp output level. This
can be provided by increasing the value of
R2 with an external resistor, which can be
selected to fine trim the gain. A rearrange-
ment of the compressor gain equation (6)
allows us to determine the value for Ra.

Gain2 R3 Vin ave - 12X 2 X 20K X 1.27

Rils 10K X 140u.A
=36.3K

R2 =

The external resistance required will thus be
36.3K - 20K = 16.3K.

The Bell compatible low level tracking char-
acteristic is provided by the low level trim

resistor from Crect to Vcc. As shown in
Figure 21 this will skew the system to a 1:1
transfer characteristic at low levels. The 2uf
rectifier capacitor provides attack and re-
lease times of 3ms and 13.5ms respectively,
as shown in Figures 25 and 26. 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 30. The
input level of 3.27V RMS is stepped down to
1.33V by the 600(: 100} transformer, which
is terminated with a 100Q} resistor for accu-
rate impedance matching. The output im-
pedance is accurately set by the 150Q) out-
put resistor and the 150Q: 600Q 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 Rz with
an external trim resistor. The new value of
R3 can be found with the expandor gain
equation

a R1 R2 I1g Gain 10K X 20K X 140uA X 2.6
3= =
2X1.20

2 Vin ave
= 30.3K

An external addition to Rz 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 Vcc of
about 3Meg provides matching of the Bell
low level tracking curve, and the 2uf value of
Crect provides the proper attack and release
times. A 16K resistor from the summing
node to ground biases the output to 7Vqc.

VOLTAGE CONTROLLED
ATTENUATOR

The variable gain cell in the NE570/571 may
be used as the heart of a high quality voltage
controlled amplifier (VCA). Figure 31 shows
a typical circuit which uses an external op
amp for better performance, and an expo-
nential converter to get a control character-
istic of -6dB/V. Trim networks are shown to
null out distortion and dc shift, and to fine
trim gain to 0dB with zero volts of control
voltage.

Op amp Az and transistors Q1 and Q2 form
the exponential converter generating an ex-
ponential gain control current, which is fed
into the rectifier. A reference current of
150uA, (15V and R2o = 100K), is attenuated a
factor of two (6dB) for every volt increase in

6002:100Q R, 20K
| AG :
=) 1
» SuF
= <
2701 R, 30K <
VRMS < <
<
6009 ) 1
<
R, 10K
- S 1
10uF
>
<
> 1009
< Ve -—AAM——
SRIN €C

N2 EXPANDOR

Ry 20K

RLOWLEVEL L
TRIM DC 3 MEG T 2u

R GAIN TRIM
10K

1600 : 6002

|

200uF 15082

ROUT 3.46

VRMS
60082

TYYYvyyvryy

Figure 30
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VOLTAGE CONTROLLED ATTENUATOR
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100K
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Figure 31

the control voltage. Capacitor Cs slows
down gain changes to a 20ms time constant
(Ce x R1) so that an abrupt change in the
control voltage will produce a smooth
sounding gain change. R1g 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. R1g 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 9 volts of control voltage. A1 should
be a low noise high slew rate op amp. R13
and R14 establish approximately a zero volt
bias at A1's output.

With a zero volt control voltage, R1g should
be adjusted for 0dB gain. At 1V (-6dB gain)
Rg should be adjusted for minimum distor-
tion with a large (+10dBm) input signal. The
output dc bias (A1 output) should be meas-

ured at full attenuation (+10V control volt-
age) and then Rg is adjusted to give the same
value at 0dB gain. Properly adjusted, the
circuit will give typically less than .1% dis-
tortion at any gain with a dc output voltage
variation of only a few millivolts. The clip-
ping level (140uA into pin 3, 14) is £10V
peak. A signal to noise ratio of 90dB can be
obtained.

If several VCA’s must track each other, a
common exponential converter can be
used. Transistors can simply be added in
parallel with Q2 to control the other chan-
nels. The transistors should be maintained
at the same temperature for best tracking.

AUTOMATIC LEVEL CONTROL

The NE570 can be used to make a very high
performance ALC as shown in Figure 32.
This circuit hookup is very similar to the
basic compressor shown in Figure 17, ex-
cept that the rectifier input is tied to the

Signetics

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 re-
main fixed at a constant level. As shown, the
circuit will maintain an output level of
+1dbm for an input range of +14 to -43dbm
at 1khz. Additional external components
will allow the output level to be adjusted.
Some relevant design equations are:

RiR21s Vin
Output level = —— ) IB=140uA
2R3 \Vinlavg)
Ri1Rz2 1B
Gain-=——————— where
2 R3 Vin (avg)
VIN

Ls
ViNavgl = 2 = 1.11 (for sine wave)
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If ALC action at very low input levels is not
desired, the addition of resistor Rx will limit
the maximum gain of the circuit.

R1 + Rx
T8y XR2Xls

Gain max. =
2R3

The time constant of the circuit is deter-
mined by the rectifier capacitor, Crect, and
an internal 10K resistor.

7= 10K Crect

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

THD =( 1at )<ﬂ> X .2%
Crect freq.

VARIABLE SLOPE
COMPRESSOR-EXPANDOR

Compression and expansion ratios other
than 2:1 can be achieved by the circuit
shown in Figure 34. Rotation of the dual
potentiometer causes the circuit hookup to
change from a basic compressor to a basic
expandor. In the center of rotation, the
circuit is 1:1, has neither compression or
expansion. The (input) output transfer char-
acteristic is thus continuously variable from
2:1 compression, through 1:1, up to 1:2
expansion. If a fixed compression orexpan-
sion ratio is desired, proper selection of
fixed resistors can be used instead of the
potentiometer. The optional threshold re-
sistor will make the compression or expan-
sion ratio deviate towards 1:1 at low levels. A
wide variety of (input) output characteristics
can be created with this circuit, some of
which are shown in Figure 34.

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, trans-
mission systems, bucket brigade delay
lines, and digital audio systems. The circuits
to be described contain features which im-
prove performance, but are not required for
all applications.

A major problem with the simple NE570
compressor (Figure 17) is the limited op amp
gain at high frequencies. For weak input
signals, the compressor circuit operates at
high gain and the 570 op amp simply runs
out of loop gain. Another problem with the
570 op amp is its limited slew rate of about
.6v/us. This is a limitation of the expandor,
since the expandor is more likely to produce
large output signals than a compressor.

12

AUTOMATIC LEVEL CONTROL
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TRACKING CURVES OF
VARIABLE RATIO
COMPRESSOR-EXPANDOR
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1 e R 1 1 L0 | 1
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Figure 34

Figure 35 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 circuit in Figure 35 is
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 signals levels. The response
times of the simple expandor and com-
pressor (Figures 16 and 17) become longer
at low signal levels. The time constant is not
simply 10KxCrect, but is really

(IOK 2 ('026\/)) XCrect.
Irect

When the rectifier input level drops from
0dBm to -30dBm, the time constant in-
creases from 10.7KxCrect to 32.6KxCrect. In
systems where there is unity gain between
the compressor and expandor, this will
cause no overall error. Gain or loss between
the compressor and expandor will be a
mistracking of low signal dynamics. The
circuit with the LM324 will greatly reduce
this problem for systems which cannot
guarantee the unity gain.

When a compressor is operating at high
gain, (small inputsignal), and is suddenly hit
with a signal, it will overload until it can
reduce its gain. Overloaded the output will
attempt to swing rail to rail. This compress-
or is limited to approximately a 7V peak to
peak output swing by the brute force clamp
diodes D3 and D4. The diodes cannot be
placed in the feedback loop because their
capacitance would limit high frequency
gain. The purpose of limiting the output
swing is to avoid overloading any succeed-
ing circuit such as a tape recorder input.

HI-FI COMPRESSOR WITH PRE-EMPHASIS

1wt Cy
L

+3.6V

COMPRESSOR c.
2

In
c .005

62K R,
100K

Figure 35

TDA 1034

R‘l
100K
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S 220
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~ our
ch
n"
100K
Ryo %
47K
Ci I 10ut
av D,
av D,

-
LAl

2/4 LM324
1K

Ry D,

D, =

- .01C,

The time it takes for the compressor to
recover from overload is determined by the
rectifier capacitor Cg. A smaller capacitor
will allow faster response to transients, but
will produce more low frequency third har-
monic distortion due to gain modulation. A
value of 1uf seems to be agood compromise
value and yields good subjective 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 harmon-
ic distortion which is generated by the com-
pressor 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 back-
ground noise level can sometimes be heard.
The compressor in Figure 35 contains a
high frequency pre-emphasis circuit (C2, Rs
and Cg, R14), which helps solve this prob-
lem. Matching de-emphasis on the expand-
or is required. More complex designs could

Signetics

make the pre-emphasis variable and further
reduce breathing.

The expandor to complement the com-
pressor is shown in Figure 36. Here an
external op amp is used for high slew rate.
Both the compressor and expandor have
unity gain levels of 0dBm. Trim networks are
shown for distortion (THD) and dc shift. The
distortion trim should be done first, with an
input of 0dBm at 10kHz. The dc shift should
be adjusted for minimum envelope bounce
with tone bursts. When applied to consumer
tape recorders, the subjective performance
of this system is excellent.
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HI-FI EXPANDOR WITH DE-EMPHASIS
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DESCRIPTION

The NE572 is a dual channel, high perfor-
mance 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 aver-
age value of input signal; a linearized, tem-
perature compensated variable gain cell
(AG) and a dynamic time constant buffer.
The buffer permits independent control of
dynamic attack and recovery time with mini-
mum 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.

ABSOLUTE MAXIMUM RATINGS

FEATURES

® Independent control of attack and
recovery time.

e Improved low frequency gain control
ripple

e Complementary gain compression and
expansion with external Op Amp

e Wide dynamic range—greater than
110dB

o Temperature compensated gain
control

® Low distortion gain cell

® Low noise—6uV typical

e Wide supply voltage range—6V-22V

e System level adjustable with external
components.

APPLICATIONS

Dynamic noise reduction system
Voltage control amplifier

Stereo expandor

Automatic level control

High level limiter

Low level noise gate

State variable filter

ORDER PART NO.

PIN CONFIGURATION
N PACKAGE
TRACK TRIM A [T] [76] vee
RECOV. CAP. A [Z] 15] TRACK TRIM B
RECT.INA [3] 14] RECOV. CAP. B
ATTACK CAP A [4] [13] RECT.INB
AGOUTA [5] [12] ATTACK CAP B
THD TRIM A [[6 | [11] AcouTB
AGINA [7] [10] THD TRIM B
GROUND [ [9] AGINB
(Top view)

NE5S72N

PARAMETER RATING UNIT
Vce Supply voltage 22 vDC
TA Operating temperature range 0to 70 °C
Pp Power dissipation 500 mw
BLOCK DIAGRAM
7,9 R1 .
s (B2
6.8K ]
(6,10) J
AG
3
>
5301 |
GAIN CELL
(1,15)
(3,13) S
+
>
BUFFER 10K
2{2°<, RECTIFIER
S
(1e) P.S.
(8) (4,12) (2,14)
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ELECTRICAL CHARACTERISTICS

Standard Test Conditions (unless otherwise noted) Vg = 15V TA = 25°C Expandor mode

(see test circuit) Input signals at unity gain level = 100mV RMS at 1KHz, V{ = Vg, R = 3.3K

Rz = 17.3K
LIMITS
PARAMETER TEST CONDITIONS 7 UNIT
Min Typ Max
Vece Supply voltage 6 22 Vbc
Icc Supply current No Signal 6 mA
Internal voltage reference 2.3 2.5 2.7 Vbc
THD, (untrimmed) 1kHz Cp = 1.0uF 2 1.0 %
THD (trimmed) 1kHz CR = 10uF .05 %
THD (trimmed) 100Hz 25 %
No signal output noise Input to V1 and Vo grounded (20-20kHz) 6 25 uVv
DC level shift (untrimmed) Input change from no signal to 100mV RMS 20 +50 MV
Unity gain level -1 S| dB
Large signal distortion Vi = Vo = 400mV 0.7 3.0 %
Tracking error measured relative | Rectifier input &2 dB
to value at unity gain output Vo = +6dB
—30dB +.5 —1.5
+.8
Channel crosstalk 200mV RMS into channel A, measured output on 60 dB
channel B
Power supply rejection ratio 120Hz 70 dB
TEST CIRCUIT
’\))\l./ AuF 1000
( AAA- -15V
\ ol - b 22uF
1% ; ;"‘
2.2uF @9 | 68K 5.11) R3 = =
Vi o— ————1 WA AG —AAA
R1
%BZK \
- .I_ -
50 | 514 270PF
P‘v‘v 2.2k NE5534 ——O Vo
CR (6,10) 4
=l I BUFFER M +_L - /
= _I_ 2.2
i jL: e ® L
= 1u =
= (1,15)
1009
2.2uF  (3,13) E A
V2 o— —wW RECTIFIER (16) -I_ 1Y
R +
1°Z ApF I I 22uF
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AUDIO SIGNAL PROCESSING IC
COMBINES VCA AND FAST AT-
TACK-SLOW RECOVERY LEVEL
SENSOR

In high performance audio gain control appli-
cations it is desirable to independently con-
trol 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 usual-
ly 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 distor-
tion, high frequency channel overload and
noise modulation. Because of the expense
in hardware, multiple band signal process-
ing up to now was limited to professional
audio applications.

With the introduction of the Signetics NE572
this high performance noise reduction con-
cept becomes feasible for consumer hi fi
applications. The NE572 is a dual channel
gain control IC. Each channel has a linear-
ized, 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 pro-
vides gain control current for the VCA gives
lower gain control ripple and independent
control of fast attack, slow recovery dynam-
ic response. An attack capacitor CA with an
internal 10K resistor RA defines the attack
time TA. The recovery time TR of a tone
burst is defined by a recovery capacitor CR
and an internal 10K resistor RR. Typical at-
tack time of 4MS for the high frequency
spectrum and 40MS for the low frequency
band can be obtained with .1uF and 1.0uF
attack capacitors respectively. Recovery
time of 200MS can be obtained with a 4.7uF
external capacitor. With the recovery ca-
pacitor added in the level sensor, the gain
control ripple for low frequency signals is
much lower than that of a simple RC ripple
filter. As a result the residual third harmonic
distortion of low frequency signal in a two
quad transconductance amplifier is greatly
improved. With the 1.0uF attack capacitor
and 4.7uF recovery capacitor for a 100HZ
signal the third harmonic distortion is im-
proved 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. It operates
over wide supply range from 6V to 22V. Sup-
ply current is less than 6mA. The NE572 is
designed for consumer application over a
temperature range 0-70°C.

NE572 BASIC APPLICATIONS

Description

The NE572 consists of two linearized, tem-
perature compensated gain cells (AG) each
with a full-wave rectifier and a buffer amplifi-
er as shown in the block diagram. The two
channels share a 2.5V common bias refer-
ence derived from the power supply but oth-
erwise 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 applica-
tion requirements.

Gain Cell

Figure 1 shows the circuit configuration of
the gain cell. Bases of the differential pairs
Q1 — Q2 and Q3 — Q4 are both tied to the
output and inputs of OPA Ay. The negative
feedback through Q1 holds the Vgg of Q1 —
Qo and the Vg of Q3 — Q4 equal. The
following relationship can be derived from
the transistor model equation in the forward
active region.

..\Vaeoa cf o = AVBEQ1 ko =(1)

(VBE =Vt IC/1S)

1 1 1 1

Zlg+ 2! Zlg— 31

pH1G TEp 0L 24 %20
vTI"( Is ) VTI"( Is

14 + lin Ip — 14 — lin
-_-le,,<‘IS )—v7|n<———-—-2 = )

=(2

NS

~

here lin =
where lin = R1

R1 = 6.8K
I; = 140uA
I = 280pA

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

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

2 1
lo = E'Iin'lg—i(lg—ﬂﬂ'le —(3)

The first term of eqn. (3) shows the multiplier
relationship of a linearized two quadrant
transconductance amplifier. The second
term is the gain control feed through due to
the mismatch of devices. In the design this

BASIC GAIN CELL SCHEMATIC

v+

I
140uA

-
o ]
+ - I
Q4 Q3 Q1 Q2
> R1 >
6.8K
1z
G e 280uA
VREF
THD
- TRIM -
3 Vin
Figure 1
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has been minimized by large matched de-
vices and careful layout. Offset voltage is
caused by the device mismatch and it leads
to even harmonic distortion. The offset volt-
age can be trimmed out by feeding a current
source within +25uA into the THD trim pin.
The residual distortion is third harmonic dis-
tortion and is caused by gain control ripple.
In a compandor system, available control of
fast attack and slow recovery improves rip-
ple distortion significantly. At the unity gain
level of 100mV, the gain cell gives THD (to-
tal harmonic distortion) of .17% TYP. Output
noise with no input signals is only 6uV in the
audio spectrum (10HZ-20KHZ). The output
current |g must feed the virtual ground input
of an operational amplifier with a resistor
from output to inverting input. The non-invert-
ing input of the operational amplifier has to
be biased at VREF if the output current Ig is
dc coupled.

Rectifier
The rectifier is a full-wave design as shown
in Figure 2. The input voltage is converted to
current through the input resistor R2 and
turns on either Q5 or Q6 depending on the
signal polarity. Deadband of the voltage to
current converter is reduced by the loop
gain of the gain block A2. If AC coupling is
used, the rectifier error comes only from in-
put bias current of gain block A2. The input
bias current is typically about 70nA. Fre-
quency response of the gain block A2 also
causes second order error at high frequen-
cy. The collector current of Q6 is mirrored
and summed at the collector of Q5 to form
the full wave rectified output current Ig. The
rectifier transfer function is

=| Vin
IR IE

—(4)

The internal bias scheme limits the maxi-
mum output current IR to be around 300uA.
Within a + 1dB error band the input range of
the rectifier is about 52dB.

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 re-
duces transient channel overload but also
causes low frequency ripple distortion. The
low frequency ripple distortion can be im-
proved with the slow recovery time. If differ-
ent attack times are implemented in corre-
sponding frequency spectrums in a split
band audio system, high quality perfor-
mance can be achieved. The buffer amplifier
is designed to make this feature available
with minimum external components. Refer-
ring to Figure 3, the rectifier output current is
mirrored into the input and output of the
unipolar buffer amplifier A3 through Qg, Qg
and Qqg. Diodes D{4 and Dq2 improve

18

SIMPLIFIED RECTIFIER SCHEMATIC

v+ = Vin|
R2
VREF o——\
A2 K
N
- Qs
D7

b

BUFFER AMPLIFIER SCHEMATIC

v+

Q3 Q1

IR
= |Vin|

Q10

IR2
——
o3 X2
Q16
10K
D13
X2
Q14 a8

]
|||l

o cr |
TRACKING
TRIM
Figure 3
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tracking accuracy and provide common
mode bias for Az. For a positive going input
signal, the buffer amplifier acts like a volt-
age follower. Therefore, the output imped-
ance of Ag makes the contribution of ca-
pacitor CR to attack time insignificant.
Neglecting diode impedance the gain Ga(t)
for AG can be expressed as follows.
—t
Ga(t) = (GayNT — GapnL) @ "A + GapnL

Gint = Initial Gain

TA =Rp * CA= 10K « CA  Gfnl = Final Gain

where 7A is the attack time constant and RA
is a 10K internal resistor. Diode D5 opens
the feedback loop of Ag for a negative going
signal if the value of capacitor CR is larger
than capacitor CA. The recovery time de-
pends only on CR ¢ RR. If the diode imped-
ance is assumed negligible, the dynamic
gain GR (t) for AG is expressed as follows.
—t
GR() = (GR INT — GRFNL) @ "R + GR FNL

7R = RR * CR = 10K * CR

where 7R is the recovery time constant and
RR is a 10K internal resistor. The gain con-

trol current is mirrored to the gain cell
through Q4. The low level gain errors due
to input bias current of Ay and Az can be
trimmed through the tracking trim PIN into
A3 with a current source of +3uA.

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

Vout 2 R3 * VIN (AVG)
In Ra * Ry

VIN 1" -

Both the resistors Ry and Ro are tied to
internal summing nodes. Rq is a 6.8K inter-
nal resistor. The maximum input current into
the gain cell can be as large as 140uA. This
corresponds to a voltage level of 140uA -
6.8K = 952mV peak. The input peak current
into the rectifier is limited to 300uA by the
internal bias system. Note that the value of
R can be increased to accommodate high-
er input level. Ro and R3 are external resis-
tors. It is easy to adjust the ratio of R3/R2
for desirable system voltage and current
levels. A small R2 results in higher gain con-
trol current and smaller static and dynamic

tracking error. However, an impedance buff-
er Ay may be necessary if the input is volt-
age drive with large source impedance.

The gain cell output current feeds the sum-
ming node of the external OPA As. R3 and
Ao convert the gain cell output current to the
output voltage. In high performance applica-
tions, Ao 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 Ao can be biased
at the low noise internal reference PIN 6 or
10. Resistor R4 is used to biased up the
output DC level of Ao for maximum swing.
The output DC level of Ay is given by

R3 R3

T /Y8 Ra
VB can be tied to a regulated power supply
for a dual supply system and be grounded
for a single supply system. CA sets the at-

tack time constant and CR sets the recovery
time constant.

Vobc = VREF (1 =(2)

BASIC EXPANDOR SCHEMATIC

R4 R3
+VB <*—AAA—
17.3K
- CIN2 R el
CIN1 A1 —”mr"w AG =
9 | 6.8k
VIN 0—] + 2.2uF A2 ———O0 vouT
2.2uF (6,10) R6
VREF +
1K
i (2,14) -
100K BUFFER (4,12)
CIN3 _| 2.2uF
2.2uF T _J_
R2 :-_L '1:
3.3K CA CR
_W(a ;04 —‘D‘— 1uF 10uF

(Bi

ns)l

+Vce

Figure 4
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Basic Compressor
Figure 5 shows the hook-up of the circuit as

BASIC COMPRESSOR SCHEMATIC

a compressor. The IC is put in the feedback R4 RDC1 RDC2
loop of the OPA Ay. The system gain ex- VB ==V m _I_ m
pression is as follows: ) coc g
Vour 1 Rp * Ry Tione
VIN - 2 ° Ra* Vg (AVG) =) SRuipF = ( q
I
RDC1, RDC2, and CDC form a dc feedback CIN1 D1 D2
for A1. The output DC level of A1 is given by VIN O——| —AM -
Rpc1 + Rpc2 22uF B3
VODC = VREF <1 + R4 K 1z 2.2uF At QoL
.+.
Rpci1 + Rpca c1
s VB . R—4 ._(2)
I 1K RS
The zener diodes D and Dy are used for O i
channel overload protection.
R1 (7,9)
: AG AAAA—— ——
Basic Compandor System hip S
The above basic compressor and expandor 2.2uF
can be applied to systems such as (5,11)
tape/disc noise reduction, digital audio,
bucket brigade delay lines. Additional sys- (2,14) L cmns
tem design techniques such as bandlimiting, J- (4,12) BUFFER T 2.2uF
band splitting, pre-emphasis, de-emphasis J_
and equalization are easy to incorporate. I _T_
The IC is a versatile functional block to L L o
achieve a high performance audio system. CR  CA —'Q— —AAA
Figure 6 shows the system level diagram for 10uF  1uF (3,13)
reference.
(8) 'TL vce l (16)
Figure 5
Y NE572 SYSTEM LEVEL 2
l: :| [ :l REL LEVEL  ABS LEVEL
s COMPRESSION EXPANDOR DB dBM
IN out
1 3.0v ST TR +29.54 — +11‘76—‘
AND RECT
—] 547.6MV l +14.77 —  —3.00 —
— 400 MV +12.0 — —5.78—]
—1 100 Mv 00— -—17.78 —]
—] 10 MV -20— —37.78 —
— 1MV -40 — —57.78—
— 100uV -60 — —77.78 —
— 1ouv Figure 6 -80o— —97.78 —
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