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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 ful l
wave rectifier to detect the average value of
the signal; a l inerarized, temperature
compensated variable gain cel l ;  and an
operational ampli f  ier.

The NE570/571 is well  suited for use in tele-
phone subscriber and trunk carr ier systems,
communications systems and hi{ i  audio
systems.

FEATURES
. Complete compressor and expandor In

1 t c
. Temperature compensated
. Grealer than 110d8 dynamlc range
. Operales down to 6vdc
. System levels adluslable wlth external

componenls
. Distorllon may be trlmmed out

CIRCUIT DESCRIPTION
The NE570/571 compandor bui lding
blocks, as shown in the block diagram, are a
ful l  wave recti f ier, a variable gain cel l ,  an
operational ampli f  ier and a bias system. The
arrangement of these blocks in the lC result
in a circuit  which can perform wellwith few
external components, yet can be adapted to
many diverse applications.

The ful l  wave recti f ier rect i f ies the input
current which f lows from the recti f ier input,
to an internal summing node which is bi-
ased at VgEp. The rectified current is aver-
aged on an external f i l ter capacitor t ied to
the C gEgl terminal, and the average value
of the input current controls the gain of the
variable gain cel l .  The gain wil l  thus be
proport ional to the average value of the
input signal for capacit ively coupled voltage
inputs as shown in the fol lowing equation.
Note that for capacit ively coupled inputs
there is no offset voltage capable of pro-
ducing a gain error. The only error wi l l  come
from the bias current of the recti f ier (sup-
pl ied internal ly) which is less than .19,A.

A  r e  l V l X  
-  V p g p l  a v e-------F,

G c c  I

The speed with which gain changes to fol-
low changes in input signal levels is deter-
mined by the rectifier filter capacitor. A

f^ small capacitor will yield rapid response but
wil l  not ful ly f i l ter low frequency signals.
Any r ipple on the gain control signal wi l l
modulate the signal passing through the
variable gain cel l .  In an expandor or com-

APPLICATIONS
. Telephone lrunk compandor-S70
. Telephone subscrlber compandor-S7l
o Hlgh level llmlter
. Low leYel expandor-nolse gate
. Dynamlc nolse reducllon systems
. Voltage conlrolled ampllller
. Dynamlc lilters

BLOCK DIAGRAM

R E C T  I N

VtN  I  ave----H,

pressor appl icat ion, this would lead to third
harmonic distortion, so there is a tradeoff to
be made between fast attack and decay
times, and distort ion. For step changes in
ampli tude, the change in gain with t ime is
shown by this equation.

G( t )  =  (G ;n11 ;61  -  G1 ;n61 )  g - t l 7

* G f i n a l : r = ' l O K X C R g C t

The var iable gain cel l  is  a current  in,  current

out  device wi th the rat io lggl / l  lN con-
tro l led by the rect i f  ier .  111 is  the current
which f  lows f  rom the AG input  to an internal

summing node biased at  VgEp. The lo l low-
ing equation applies tor capacitively cou-

pled inputs. The output current, lgg1, is
fed to the summing node of the op amp.

.  v l ru -  vRer
rrru = ---E- = v  t t t-H;

A compensation scheme bui l t  into the AG
cell  compensates for temperature, and can-
cels out odd harmonic distort ion. The only
distort ion which remains iseven 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 ampli f ier (which is internal-
ly compensated) has the non-invert ing in-
put t ied to Vpgp, and the invert ing input
connected to the AG cell output as well as
brought out externally. A resistor, R3, is
brought oul from the summing node and
allows compressor or expandor gain to be
determined only by internal components.

$gnetics

PIN CONFIGURATION

F, N PACKAGE

Rect .  Cap 1

Rect .  In  1

AG Ce l l  In  1

G N D

lnv .  ln  1

R€s.  F i  1

Output  I

THO T ' im I

Recr .  Cep 2

Rec!  In  2

AG Ce l l  In  2

vcc

l nv .  ln  2

Re6.  R!  2

Output  2

THD Tr im 2

Ord.r P.d No.
NE57O F,N
NE571 F,N
SA571 F,N

ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT

Posit ive supply
570
571

T4 Operating temperature range
N E
SA

PD Power dissipation
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-40 to +85
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Vdc
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The output stage is capable of t20mA out-
put current. This allows a +13dBm (3.5V
rms) output into a 30OO load which, with a
series resistor and proper transformer, can
result in +13dBm with a600O output imped-
ance.

A band gap reference provides the refer-
ence voltage for all summing nodes, a regu-
lated supply voltage for the rectifier and AG
cell, and a bias current for the AG cell. The
low tempco of this type of reference pro-
vides very stable biasing over a wide tem-
perature range.

The typical performance characteristics il-
lustration shows the basic input-output
transfer curve for basic compressor or ex-
pandor circuits.

TYPICAL PERFORMANCE
CHARACTERISTICS

TYPICAL TEST CIRCUIT

DC ELECTRICAL CHARACTERISTICS rA = 25'c,  Vcc = t5v'

Excspt where indicated, the 57.1 specitications ars identical to the 570
Measured at OdBm,lkHz
Expandor ac inpul change trom no signal to OdBm
Relative to value at TA = 25oC
Relative to OdBm
Elactricsl characteristics tor tho SA571 only 8re sp€cified ovor -40 lo

+85oC temp€ratu16 range.

1

l .

2.
3.
4.
5.
0.

PARAMETER TEST CONDITIONS
NE570 NE/SA5716

UNIT
Mln Tvp Max Mln Typ Max

V96 Supply voltage
ICC Supply current

Output  cur ren t  capab i l i t y
Output slew rate
Gain  ce l l  d is to r t ion2

Resistor tolerance
Internal reference voltage
OutPut dc shif t3
Expandor output noise

Unity gain level
Ga in  changez,n

Reference dri f t4

Resistor dri f t4

Tracking error 5, input
Vr = OdBm

No s igna l

Unt r immed
Trimrned

Unt r immed
No signal, 20{z-20kHz

- 4 0 0 c < T < 7 0 0 c

0 0 c < T < 7 0 0 c
- 4 0 0 c < T < 7 0 0 c

0 0 c < T < 7 0 0 c
- 4 0 0 c < T < 7 0 0 c

0 0 c < T < 7 0 0 c
Recti f ier input, V2 =

+6dBm
- 1 0 d B m
-20dBm
-30dBm
-40dBm

6

t20

1 . 7

i

3.2

t .5
.3
.05

1 . 8
t20
20
- 1 5
0

r . 1
1 . 1

+2, -25

+8,-0
+1, -0

t . 2
r . z

+.2
+.2

+.2 . - .4

24
4.0

1 . 0

+ 1 q

1 . 9
t50

+'l

t . 2
-1U, -4C

t 1 0

- .2 ,+ .4
- .3 ,+ .6
- .5 ,+1

1.65

- ' t .5

6
3.2

.5

. l

1 . 8
i30

0
t . 1
r . 1

+2, -25
i5

t - z

+.2
+,2

+.2,-.4

2 .0

1 . 9 5
r  100

+ 1 . 5

t ,4
+20, -50

t20

- .2 ,+ .5
-.4,+.7
- 1 , + 1 . 5

1 8
4.8

o/o

V
mV
gV

dBBNC
dBm
d B

mV

o/o

dB

V
mA
mA
V/us

o/o

NOTES
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INTRODUCTION
Much interest has been expressed in high
performance electronic gain control cir-
cuits. For non-crit ical applications, an inte-
grated circuit operational transconduct-
ance amplif ier 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
teaturing low distortion (<.10/o), high signal
to noise ratio (90d8), 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 ldB output level change
by the compressor. The original 100d8 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
45d8.

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 of an 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. lt is
hoped that these features will make the
circuit as widely used in audio systems as it
wil l 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 l .C.).  The ful lwave averag-
ing recti f ier provides a gain control current,
lc, for the variable gain (AG) cel l .  The output
of the AG cel l  is a current which is fed to the
summing node of the operational ampli f ier.
Resistors are provided to establish circuit
gain and set the output dc bias.

RESTRICTED DYNAMIC
RANGE CHANNEL

Flgure 1

CHIP BLOCK DIAGRAM
(1 OF 2 CHANNELS)

THD TRtt Rt tNV. tN

cntcr

Flgure 2

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 Vrer. The non-
inverting input of the op amp is tied to Vrer,
and the summing nodes of the rectifier and
AG cell (located, at the right, of Rr and Re)
have the same potential. TheTHD trim pin is
also at the Vref potential.

Figure 3 shows how the circuit is hooked up
to realize an expandor. The inputsignal. Vin,
is applied to the inputs of both the rectifier
and the AG cell. When the input signal drops
by 6dB, the gain control currentwil ldrop by
a factor ol 2, and so the gain will drop 6dB.
The output level at Vout wil l thus drop 12d8,
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 Roc and Coc. The values of Roc wil l
determine the dc bias at the output of the op
amp. The output wil l bias to:

Vout dc = 1 1 &rtfusg y,", :( * 
Ti*"),.ru

The output of the expandor wil l bias up to:

R s  (  2 o K \
Vout dc =1 + 

6Vret 
=\t * tOr, ) 't.8v 

= 3.Ov

The output will bias to 3.0V when the inter-
nal resistors are used. External resistors
may be placed in series with Rs, (which will
affect the gain), or in parallel with Rc to raise
the dc bias to any desired value.

BASIC EXPANDOR

'€xternal comoonents

6q11 = 2 Rg VrH (avg.)

R r  Rz  l s

le = 140pA

Flgure 3

A
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BASIC COMPRESSOR

R  D c .
?  

c t t " t '

=  ^ D c '

crru.  n,
eJ

oe"=(#**o)

le  = 140pA

'€xternal

components Flgure 4

SIMPLlFIED RECT!FIER SCHEMATIC

Flgure 6

CIRCUIT DETAILS.RECTIFIER
Figure 5 shows the concept behind the ful l
wave averaging recti f ier. The input current
to the summing node of the op amp, Vin/Rt,
i s  supp l ied  by theoutpu to f  theop amp.  l f  we
can mirror the op amp output current into a
unipolar current, we wil l  have an ideal rect i-
f ier. The output current is averaged by Rs,
Cr, which set the averaging t ime constant,
and then mirrored with a gain of 2 to become
le, the gain control current.

RECTIFIER CONCEPT

Flgure 5

Figure 6 shows the recti f ier circuit  in more
detai l .  The op amp is a one stage op amp,
biased so that only one output device is on
at a t ime. The non-invert ing input, ( the base
of Qr), which is shown grounded, is actual ly
t ied to the internal 1.8V Vrer. The invert ing
input is t ied to the op amp output, ( the

emitters of Qs and Qo), and the input sum-
ming resistor Rr. The single diode between

4

the bases of Qs and Qo assures that only one
device is on at a t ime. To detect the outout
current of the op amp, we simply use the
col lector currents of the output devices Qs
and Qo. Qo wil l  conduct when the input
swings posit ive and Qs conducts when the
input swings negative. The col lector cur-
rents will be in error by the o of Qs or Qo on
negative or posit ive signal swings, respec-
t ively. lC's such as this have typical npn B's
of 200 and pnp p's of 40. The a's of .995 and
.975 will produce errors of .5olo on negative
swings and 2.5o/o on positive swings. The
1.5olo average of these errors yields a mere
.13dB gain error.

At very low input signal levels the bias
current of Qz, (typical ly 50nA), wi l l  become
signif icant as i t  must be supplied by Qs.
Another low level error can be caused by dc
coupling into the recti f ier. l f  an offset vol-
tage exists between the Vin input pin and the
base of Qz, an error current of Vos/Rr wil l  be
generated. A mere 1mv of offset wi l l  cause
an input current of 100na which wil l  pro-
duce twice the error of the input bias cur-
rent. For highest accuracy, the recti f ier
should be coupled into capacit ively. At high
input levels the B of the pnp Qo wil l  begin to
suffer, and there wil l  be an increasing error
unti l  the circuit  saturates. Saturation can be
avoided by l imit ing the current into the
recti f ier input to 250p.a. l l  necessary, an
external resistor may be placed in series
with Rr to l imit the current to this value.
Figure 7 shows the recti f ier accuracy vs
input level at a frequency of 1kHz.

At very high freguencies, the response of
the recti f ier wi l l  fal l  off .  The rol loff  wi l l  be
more pronounced at lower input levels due
to the increasing amount of gain required to
switch between Qs or Qo 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.

RECTIFIER ACCURACY

o
z

o
c
o
E
G

RECTIFIER INPUI dBn

Flgure 7

RECTIFIER FREOUENCY RESPONSE
Ys INPUT LEVEL

Flgure 8
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VARIABLE GAIN CELL
Figure 9 is a diagram of the variable gain
cel l .  This is a l inerarized two quadrant trans-
conductance mul t ip l ie r l ,2 .  Qr ,  Qz and the
op amp provide a predistorted drive signal
tor the gain control pair,  Qs, Qa. The gain is
control led by lc and a current mirror pro-
vides the output current.

The op amp maintains the base and col lec-
tor of Qt at ground potential (V1s1) by con-
trol l ing the base of Qz. The input current l in
(= Vtn/Rz) is thus forced to f low through Q1
a long w i th  the  cur ren t  l r ,  so  l c r  =  l r  * l in .
Since la has been set at twice the value of lr ,
the  cur ren t  th rough Qe is  l z - ( l r+ l in )  =  l r  - l tn  =

lca. The op amp has thus forced a l inear
current swing between Q1 and Qz, by pro-
viding the proper drive to the base of Qz.
This drive signal wi l l  be l inear for small
signals, but very non-l inear tor large sig-
nals, since i t  is compensating for the non-
l inearity of the dit ferential pair Qr, Qz under
large signal condit ions.

The key to the circuit  is that this same
predistorted drive signal is appl ied to the
gain control pair Qo and Qa. When two
differential pairs ol transistors have the
same signal appl ied, their col lector current
rat ios wil l  be identical,  regardless of the
magnitude of the currents. This gives us:

lc r  _  l ca  _  l r * l in

lcz  l cs  l r - l in

p lus  the  re la t ionsh ips  lo  =  l cs+ lc+  and lou t=
lcc - lcswi l l y ie ld  the  mul t ip l ie r  t rans fer  f  unc-
t ion ,

lc  V in  l c
l s q l  =  -  l 1 n  = -  -

l r  R z  l t

this equation is l inear and temperature in-
sensit ive, but i t  assumes ideal transistors.

l f  the transistors are not perfect ly matched,
a parabolic, non-l inearity is generated,
wh ich  resu l ts  in  2nd harmon ic  d is to r t ion .
F igure  10  g ives  an  ind ica t ion  o f  the  mag in i -
tude of the distort ion caused by a given
input level and offset voltage. The distort ion
is l inearly proport ional to the magnitude of
the otfset and the input level.  Saturation of
the gain cel l  occurs at a +8dBm level. At a
nominal operating level of odBm, a 1mv
otfset wi l l  yield .34o/o of second harmonic
distort ion. Most circuits are somewhat bet-
ter than this, which means our overal l  off-
sets are typical ly about 1/2mv. The distor-
t ion is not affected by the magnitude of the
ga in  cont ro l  cur ren t ,  and i t  does  no t  in -
crease as the gain is changed. This second
harmon ic  d is to r t ion  cou ld  be  e l im ina ted  by
making perfect transistors, but since that
would be dif f icult ,  we have had to resort to
other methods. A tr im pin has been provided

to al low tr imming of the internal offsets to
zero, which effect ively el iminated second
harmonic distort ion. Figure 11 shows the
simple tr im network required.

AG CELI DISTORTION
vs OFFSET VOLTAGE

Figure 12 shows the noise performance of
the AG cel l .  The maximum output level
before cl ipping occurs in the gain cel l  is
plotted along with the output noise in a
20kHz bandwidth. Note that the noise drops
as the gain is reduced for the tirst 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  110d8.

Control signal feed-through is generated in
the gain cel l  by imperfect device matching
and mismatches in the current sources l l
and lz. When no input signal is present,
chang ing  l6w i l l  causeasmal l  ou tpu ts igna l .
The distort ion tr im is effect ive in nul l ing out
any control signal feed-through, but in gen-
eral,  the nul l  for minimum feed-through wil l
be dif ferent than the nul l  in distort ion. The
control signal feed-through can betr immed
independently of distort ion by tying a cur-
rent source to the AG input pin. This effec-
t ively tr ims lr.  Figure 13 shows such a tr im
network.

DYNAMIC RANGE OF NE57O

E
o
!

F

A

f
o

- 2 ! 0
vcA GA|N (dBl

Figure 12

THD TRIM NETWORK

R

3 . 6 V

20K

Flgure 11

SIMPLIFIED AG CELL SCHEMATIC

lour =
l G

l tN
I r Flgure 9

4^

Signetics



AMLOG DIVISION MAY 1981

CIRCUIT DESCRIPTION AND APPLICATIONS NE570/57t\/5A571

^

CONTROL SIGNAL
FEEDTHRU TRIM

TO Pll{ 3 OR 1'l

Flgure l3

OPERATIONAL AMPLIFIER
The main op amp shown in the chip block
diagram is equivalent to a741 with a lMHz
bandwidth. Figure 14 shows the basic cir-
cuit. Split collectors are used in the input
pair to reduce gm, so that a small compensa-
tion capacitor of just 1opf 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

Flgure 14

RESISTORS
Inspection ot 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 suff ice 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 elfects ot 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
crit ical 0"C to 70oC temperature range,
there isa 10to 1 improvement in driftfrom a

6

5% change for the diffused resistors, to a .50/o
change for the implemented resistors. The
implanted resistors have another advantage
in that they can be made 1/z the size of the
diffused resistors due to the higher resistivi-
ty. This saves a signif icant amount of chip
area.

APPLICATIONS
The following circuits will i l lustrate 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
rectilier and AG cell inputs are tied to Vin so
that the gain is proportional to the average
value of (Vtn). Thus, when Vin falls 6dB, the
gain drops 6dB and the output drops 12dB.
The exact expression for the gain is

2 Ra Vtn (ave)
Gain exp.

R t  R z  l e

The maximum input that can be handled by
the circuit in Figure 16 is a peak of 3V. The
rectif ier input current can be as large as l=
3V/R1 = 3V/10K = 300pA.Th€ AG cell input
current should be limited to | = 2.8V/Rz=
2.8V/2OK:14Or.A'. lf it is necessary to han-
dle larger input voltages than 0 + 2.8V pk,
external resistors should be placed in series
with Rr and Rz to l imit the input current to
the above values.

Figure 16 shows a pair of input capacitors
Cinr and Cinz. lt is not necessary to use both
capacitors if low level tracking accuracy is
not important. lf Rr and Rz 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 Rg, Rl. The
output wil l bias up to

Rg
V o u t d 6 = ( 1  + - )  V r 6 t

Ra

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

Note that it is possible to externally increase
Rr, Re, and Rs, and to decrease Rs and Rl.
This allows a great deal of flexibility in
setting up system levels. lf larger input
signals are to be handled, Rr and Rz may be
increased; if a larger output is required, Rs
may be increased. To obtain the largest
dynamic range out of this circuit, the rectifi-
er input should always be as large as possi-
ble (subject to the +300pA peak current
restriction).

BASIC EXPANDOR

Flgure 16

f 
cnecr

RESISTANCE vs TEMPERATURE
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BASIC COMPRESSOR
Figure 17 shows how to use the NE570/571
as a compressor. lt tunctions as an expand-
or in the feedback loop of an op amp. lf 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

BASIC COMPRESSOR

FT

? caecr
Roc  ?  Foc

The same restrictions for the rectifier and
AG cell maximum input current sti l l  hold,
which place a l imit 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 ot resistors Roc and the
capacitor Coc must be provided. The op
amp output wil l bias up to

2 Roc
V o u t d c = ( 1  +  - ) V r e r

Ra

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 +300pA peak cur-
rent restriction). lf the inputsignal issmall, a
large output can be produced by reducing
Rg with the attendant decrease in input
impedance, or by increasing Rr or Rz. lt
would be best to increase R2 rather than R1
so that the rectifier input current is not re-
duced.

l- n, n, h l1/z
Gain comp. =l - |

[_2 
Rs Vin tavel

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

input signal. (lnput signal meaning the cur-
rent into the AG cell.) The THD trim terminal
provides a meansfortrimming outtheoffset
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 +30pA into 100O resistor tied to
1.8V.

THD TRIM NETWORK

Flgure 18

LOW LEVEL MISTRACKING
The compandor wil l follow a 2 to 1 tracking
ratio down to very low levels. The rectif ier 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 rectif ier input signal of +200pA, the
average input current wil l be 127pA. When
the input signal level drops to a 1,rA aver-
age, the bias current will produce a 1Oo/o or
1dB error in gain. This wil l occur at 42dB
below the maximum input level.

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

EXPANDOR WITH LOW LEVEL
MISTRACKING

I 
cnecr

or Rb, (but not both), is required. Thevoltage
on Crect is 2xVue plus Vin ave. For low level
inputs Vin ave is negligible, so we can as-
sume 1.3V as the bias on Crect. lf Ra is placed
f rom Crect to gnd we will bleed off a current I
= 1.3V/Ra. lf 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 expandoroutput
will be zero. As the input level is raised, the
input current wil l exceed 1.3V/Ra and the
expandor output wil l 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 foracompressor,
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 Vue drops, so the low
level tracking will drift with temperature. lf a
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 wil lthen be less sensi-
tive to the Voe temperature drift.

Ru will supply an extra current to the rectili-
er equal to Ucc -1.3URu. In this case, the
expandor transfer characteristic will deviate
towards'l to' l at low levels. At low levelsthe
expandor gain wil l 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 Ru value of approximately
2.5Meg would trim the low level tracking so
as to match the Bell system N2 trunk com-
pandor characteristic.

Signetics
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CIRCUIT DESCRIPTION AND APPLICATIONS NE570/574 /SA57tl

MISTRACKING WITH Ra
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Flgure 20
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RECTIFIER BIAS CURRENT
COMPENSATION

3.5V

Flgwe 22

wil l  appear on the gain control l ine and
produce distort ion. As a rule, a 1pf Crect wi l l
produce .20lo distort ion at 1kHz. The distor-
tion is inversely proportional to both fre-
quency and capacitance. Thus, for tele-
phone applications where Crect = 2pl,  lhe
ripple would coUS€ .1olo distort ion at lkHz
and .33o/o at 300h2. The low frequency dis-
tortion generated by a compressorwould be
cancelled (or undistorted) by an expandor,
providing that they have the same value ot
Crect.

RECTIFIER BIAS CURRENT
CANCELLATION
The rectif ier has an input bias current of
between 50 and 100na. This l imits the dy-
namic range of the rectif ier to about 60dB. lt
also l imits 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 recti f  ier f  i l ter t ime
constant lOKxCrect. Figure 24 shows how
the gain wil l  change when the input signal
undergoes a 10, 20, or 30dB change in level.

8

RECTIFIER PERFORMANCE WITH
Ib COMPENSAT!ON

F
z
G
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,
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nECTIFIER INPUT L€VEL, dEn

Flgure 23

The attack t ime is much faster than the
decay, which is desirable in most appl ica-
t ions. Figure 25 shows the compressor at-
tack envelope for a *12d8 step in input
level. The init ial  output level of 1 unit  in-
stantaneously r ises to 4 units, and then
starts to fal l  towards i ts f  inalvalue of 2 units.
The CCITT recommendation on attack and
decay t imes for telephone system compan-
dors, defines the attack t ime as when the
envelope has fal len to a level of 3 units,
corresponding to t  = .15 in the f igure. The
CCITT recommends an attack t ime of 3 t
2ms, which suggests an RC product of
20ms. Figue 26 shows,the compressor out-
put envelope when the input level is sudden-
ly reduced 12dB. The output, ini t ial ly at a
leve lo f  4un i ts ,d rops  12dBto  1  un i tand then
rises to i ts f inal value of 2 units. The CCITT
defines release t ime as when the output has
risen to 1.5 units, and suggests a value of
13.5 + gms. This corresponds to t  = .675 in
the f igure, which again suggests a 20ms RC
product. Since Rr = 10K, the CCITT recom-
mendations wil l  be met i l  Crect:2p1.

There is a trade off between fast response
and low distort ion. l f  a small  Crect is used to
get very fast attack and decay, some ripple

^

oda

GAIN

GAIN vs TIME FOR INPUT STEPS
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CIRCUIT DESCRIPTION AND APPLICATIONS NE570/574 /5A571
,r,

FAST ATTACK, SLOW
RELEASE HARD LIMITER
The NE570/571 can be eesily used to make
an excel lent l imiter. Figure 27 shows a typi-
cal circuit  which requires 1/z ol an
NE570/571, 1 /  z ot an LM339 quad compara-
tor, and a pnp transistor. For small  signals,
the AG cel l  is nearly off ,  and the circuit  runs
at unity gain as set by Ra, Rz. When the
output signal tr ies to exceed a + or - 1 volt
peak, a comparator threshold is exceeded.
The pnp is turned on and rapidly charges Cl
which activates the AG cell. Negative feed-
back through the AG cel l  reduces the gain,
and the output signal level.  The attack t ime
is set by the RC product of Rrs and Cr, and
the release time is determined by Ca and the
internal rect i t ier resistor, which is 10K. The
circuit  shown attacks in less than 1ms and
has a release time constant of 100ms. Rs
tr ickles about .7pA through the recti f ier to
prevent Cq from becoming completely dis-
charged. The gain cel l  is act ivated when the
voltage on pin 1 or 16 exceeds two diode
drops. lf Cq were allowed to completely
discharged, there would be a sl ight delay
betore it recharged to > 1.2V and activated
l imit ing action.

A stereo l imiter can be bui l t  out of 1
NE570/571, 1 LM339 and two pnp transis-
tors. The resistor networks Rrz, Rrs and Rr+,
Rrs, which set the l imit ing thresholds, could
be common between channels. To gang the
stereo channels together ( l imit ing in one
channel wi l l  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 Cn need be used. The
release t ime wil l  then be the product SKxC+
since two channels are being supplied cur-
rent from Ca.

USE OF EXTERNAL OP AMP
The operational ampli f  iers in the NE570/571
is not adequate for some applications. The
slew rate, bandwidth, noise, and output
drive capabil i ty can l imit performance in
many systems. For best performance, an
external op amp can be used. The external
op amp may be powered by bipolarsupplies
for a larger output swing.

Figure 28 shows how an external op amp
may be connected. The non-invert ing input
must be biased at about 1.8V. This is easi ly
accomplished by tying i t  to either pin I  or 9,
the THD tr im pins, since these pins sit  at
1.8V. An optional RC decoupling network is
shown which wil l  f i l ter out the noise from
the NE570/571 reference (typical ly about
1Opv in 20kHz BW). The invert ing input of
the external op amp is t ied to the invert ing
input of the internal op amp. The output of
the external op amp is then used, with the
internal op amp output left  to f loat. l f  the
external op amp is used single supply,
(*Vcc and ground), i t  must have an input
common mode range down to less than
1.8V.

USE OF EXTERNAL OP AMP

Flgure 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 600r) 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
600O: 20KO matching transformer. The20K
input resistor properly terminates the trans-
former. An internal 20KO resistor (R3) 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 4KO: 600f) output
transformer. The .275V RMS output level

FAST ATTACK. SLOW RELEASE HARD LIMITER

1/2 NE570/571

2,15 loK

10x

Rrs

t0or(

b; r, 5,12

F.lqrK

+15V P in  13
GND Pin  4
Rt, R2, Ra are internal to the NE570/571 Figure 27

^.
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CIRCUIT DESCRIPTION AND APPLICATIONS NE570/571/sp.57t

N2 COMPRESSOR

-

_Jl
Rout
4.OK

AA-vcc
LOW I.EVEL TRIM
3  M E G

43K

-

requires a 1.41V op amp output level. This
can be provided by increasing the value of
Rz 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 Rz.

Gain2 Rs Vin ave
R 2 = -

1 2 X 2 X 2 0 K X 1 . 2 7

Rr la 10K X 140rA
= 36.3K

The external resistance required will thus be
3 6 . 3 K - 2 0 K = 1 6 . 3 K .

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 wil l  skew the system to a 1:1
transfer characteristic at low levels. The 2pl
rectifier capacitor provides attack and re-
lease t imes ol 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 ol 3.27Y RMS is stepped down to
1.33V by the 6000: 100O transformer, which
is terminated with a 100O resistor for accu-
rate impedance matching. The output im-
pedance is accurately set by the 150O out-
put resistor and the 150O: 600O output

transformer. With this contiguration the
3.46V transformer output requires a 3.46V
op amp output. To obtain this output level, it
is necessary to increase the value ol Rgwith
an external trim resistor. The new value of
Rs can be lound with the expandor gain
equation

Rr Rz le Gain
R 3 = - =

2 Vin ave

10KX20KX14O1 / j 'X2 .6

2X' t .20
= 30.3K

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

A low level trim resistor from Crecr to Vcc of
about 3Meg provides matching of the Bell
low level tracking curve, and the 2pf value of
Crecr provides the proper attack and release
times. A 16K resistor from the summing
node to ground biases the output to 7Vac.

VOLTAGE CONTROLLED
ATTENUATOR
The variable gain cell in the NE570/571 may
be used as the heart of a high qualitv voltage
controlled amplif ier UCA). 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 odB with zero volts ot control
voltage.

Op amp Az and transistors Qr and Qe form
the exponential converter generating an ex-
ponential gain control current, which is fed
into the rectifier. A reference current of
1 50pA, (15V and R2e = 100K), is attenuated a
tactor of two (6dB) for every volt increase in

-\

I
I

R LOWLEVEL
TRIM OC 3 MEG

N2 EXPANDOR

1 5 O O :  6 0 0 O

Flgure 30
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CIRCUIT DESCRIPTION AND APPLICATIONS NE570/57ta /SA57ta

VOLTAGE CONTROLLED ATTENUATOR
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too n
- tsv

Flgure 31
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the control voltage. Capacitor Co slows
down gain changes to a 20ms t ime constant
(Co x Rr) so that an abrupt change in the
control voltage wil l  produce a smooth
sounding gain change. Rra assures that for
large control voltages the circuit  wi l l  go to
tul l  attenuation. The recti t ier bias current
would normally l imit the gain reduction to
about 70dB. Rradrawsexcess currentout of
the rectifier. After approximately 50dB of
attenuation at a -6dB/V slope, the slope
steepens and attenuation becomes much
more rapid unti l  the circuit  total ly shuts off
at about 9 volts ol control voltage. Ar should
be a low noise high slew rate op amp. R13
and R14 establ ish approximately a zero volt
bias at Ar's output.

With a zero volt  control voltage, Rrg should
be adjusted for OdB gain. At 1V (-6dB gain)
Rs should be adjusted for minimum distor-
t ion with a large (+10dBm) input signal. The
output dc bias (Ar output) should be meas-

ured at ful l  attenuation (+10V control volt-
ag€) and then Re is adjusted to g ive the same
value at odB gain. Properly adjusted, the
circuit  wi l l  give typical ly less than . ' l% dis-
tort ion at any gain with a dc output voltage
variat ion ot only a few mil l ivolts. The cl ip-
ping level (140pA into pin 3, 14) is +10V
peak. A signal to noise ratio of 90dB can be
obtained.

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

AUTOMATIC LEVEL CONTROL
The N8570 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 rectif ier input is t ied to the

input rather than the output. This makes
gain inversely proportional to input level so
that a 20dB drop in input level wil l produce a
20dB increase in gain. The output wil l re-
main f ixed at a constant level. As shown, the
circuit wil l maintain an output level of
+1dbm lor an input range of +14 to -43dbm
at lkhz. Additional external components
will allow the output level to be adjust€d.
Some relevant design equations are:

R r R z l a /  V i n  \
Output level = - l- l ;  le = 140sA

2 Rs \vin(avg)/

G"in = 
Rt R' lt 

*h"r"
2 Rs Vin (avg)

t

= _\lT

Signetics
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CIRCUIT DESCRIPTION AND APPLICATIONS NEs70/571/5A574

l f  ALC action at very low input levels is not
desired, the addit ion of resistor Rx wil l  l imit
the maximum gain of the circuit .

R r * R x
1 f V  X R z X l e

AUTOMATIC LEVEL CONTROL

Flgure 32

t4)

Gain max. =
2 R e

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

r = 10K Crect

Resoonse t ime can be made faster at the
expense of distort ion. Distort ion can be
approximated by the equation.

*"=(#)(#) '*.
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 rotat ion, the
circuit  is 1:1, has neither compression or
expansion. The ( inpui l  output transfer char-
acterist ic is thus continuously variable from
2:1  compress ion ,  th rough 1 :1 ,  up  to  1 :2
expansion. l f  a f ixed compression orexpan-
sion ratio is desired, proper selection of
lixed resistors can be used instead of the
potentiometer. The optional threshold re-
sistor wi l l  make the compression or expan-
sion rat io deviate towards ' l :1 at low levels. A
wide variety of ( input) output characterist ics
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
l ines, and digital audio systems. The circuits
to be described contain features which im-
prove performance, but are not required for
al l  appl icat ions.

A major problem with the simple NE570
compressor (Figure 17) is the l imited 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 i ts l imited slew rate of about
.6v/rrs. This is a limitation of the expandor,
since the expandor is more l ikely to produce
large output signals than a compressor.

12

,\

VARIABLE SLOPE
COMPRESSOR-EXPANDOR
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CIRCUIT DESCRIPTION AND APPLICATIONS NE570/571/5A571

T

TYPICAL INPUT.OUTPUT
TRACKING CURVES OF

VARIABLE RATIO
COMPRESSOR-EXPANDOR

II{PUI LEVEL 1OdB/DIV.

Flgure 34

Figure 35 is a circuit lor 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 l0KxCrect, but is really

(,0* *, ( 'o'6v\\ 
"c,."",.1 \ l rect  / , /

When the recti f ier input level drops from
OdBm to -30dBm. the t ime constant in-
creases from 10.7KxCrect to 32.6KxCrect. In
systems where there is unity gain between
the compressor and expandor, this wi l l
cause no overall error. Gain or loss between
the compressor and expandor wil l  be a
mistracking ol low signal dynamics. The
circuit  with the LM324 wil l  greatly reduce
this problem tor systems which cannot
guarantee the unity gain.

When a compressor is operating at high
ga in ,  (smal l  inpu ts igna l ) ,and issudden ly  h i t
with a signal, i t  wi l l  overload unti l  i t  can
reduce i ts gain. Overloaded the output wi l l
attempt to swing rai l  to rai l .  This compress-
or is l imited to approximately a 7V peak to
peak output swing by the brute lorce clamp
diodes Ds and Da. The diodes cannot be
placed in the feedback loop because their
capacitance would l imit high frequency
gain. The purpose of l imit ing the output
swing is to avoid overloading any succeed-
ing circuit  such as a tape recorder input.

The t ime i t  takes for the comoressor to
recover from overload is determined by the
recti f ier capacitor Cg. A smaller capacitor
wil l  al low faster response to transients, but
wil l  produce more low frequency third har-
monic distort ion due to gain modulat ion. A
value of ' l ; r f  seems to be a good compromise
value and yields good subjective results. Of
course, the expandor should have exactly
the same value recti f  ier capacitor for proper
transient response. Systems which have
good low frequency ampli tude and phase
response can use compandors with smaller
recti f  ier capacitors, since the third harmon-
ic distort ion which is generated by the com-
pressor wil l  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 f requency pre-emphasis circuit  (Cz, Rs
and Cs, Rra), which helps solve this prob-
lem. Matching de-emphasis on the expand-
or is required. More complex designs could

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 distort ion (THD) and dc shif t .  The
distort ion tr im should be done f irst,  with an
input of odBm at 1okHz. The dc shif t  should
be adjusted for minimum envelope bounce
with tone bursts. When applied to consumer
tape recorders, the subjective performance
of this system is excellent.

i
I

il

HI.FI COMPRESSOR WITH PRE-EMPHASIS

COMPRESSOR
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c r
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.005
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CIRCUIT DESCRIPTION AND APPLICATIONS NE570/571/SA57tl
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HI-F! EXPANDOR WITH DE-EMPHASIS
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PROGRAMMABLE ANALOG COMPANDOR NE572

DESCRIPTION FEATURES
The NE572 is a dual channel, high perfor- . Independ€nt control of attack and
mance gain conirol circuit  in which either recovery t lme.
channel may be used for dynamic range . lmproyed low lrequency galn control
compression or expansion. Each channel r ipple
has a full wave rectifier to detect the aver- r Complementary gain compression and
age value of input signal; a l inearized, tem- expansion wlth external Op Amp
perature comp€nsat€d variable gain cel l  r  Wide dynamic range-greater than
(AG) and a dynamic t ime constant butfer. 11OdB
The buffer permits independent control of . Temperature compensated gain
dynamic attack and r€covery t ime with mini- control
mum external componenis and improved low . Low dastortion galn cell
frequency gain control r ipple distort ion over r Low noise-6pV typical
previous compandors. . wlde supply voltage range-6V-22V

Th€ NE572 is intended for noise reduction in 
'  syetem level adlustable with external

high p€rformance audio .t.i"i"lt 
"". "r"" 

compon€nts'

be used in a wide range of communication
systemsandvideor""oroi ig-;; t i ; |119;..  APPLICATIONS

. Dynamlc nolse reductlon syst€m

. Voltage control ampllfler

. Stereo expandor

. Automatic level control
r Hlgh level l lmiter
. Low level noise gate
. State variable tilter

BLOCK DIAGRAII

( 1 ,1s )

(4,12')  (2,14)

PIN CONFIGURATION

N PACKAGE

TRACK TRIil A

RECOV. CAP. A

RECT. IN A

ATTACK CAP A

AG OUT A

THO TRIM A

A G I N A

GROUND

vcc

TRACK TRIT A

RECOV. CAP. B

RECT. IN B

ATTACK CAP g

AG OUT B

THD TRIM B

A G I N g

(Top Ylew)

ORDER PART NO.
NE572N

ABSOLUTE MAXIMUM RATINGS
PARAMETER RAT!NG UNIT

VCC Supply voltage
T1 Operaling temperature range
P9 Power dissipation

22
O t o 7 0

500

VDC
o c

mW
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PROGRAM MABLE ANALOG COMPANDOR NE572

PARAMETER TEST CONDITIONS
LIMITS

UN!T
Min Typ Max

VCC Supply voltage 6 22 voc

ICC Supply current No Signal 6 mA

Internal voltage ref €renc€ 2.3 2 . 5 2 .7 Voc

THD, (untr immed)

THD (trimmed)

THD (trimmed)

lkHz CR = 1 .0PF

lkHz Cp =  10pF

l00Hz

. 2
.05
.25

1 . 0 olo

olo

olo

No signal output nois€ lnput to V1 and V2 grounded (2O-2OkHzl 6 25 uV

DC level shif t  (untr immed) lnput change from no signal to 1OOmV RMS + 2 0 + 5 0 MV

Unity gain level - l 0 + 1 dB

Large signal distort ion V r = V Z = 4 O 0 m V o.7 3.0 olo

Tracking error measured relat ive
to value at unity gain output

Recti f ier input
V2 =  +6dB

-30d8

+ . 2

r . c -  1 . 5
+.8

dB

Channel crosstalk 20OmV RMS into channel A, measured output on
channel B

60 dB

Power supply rejection ratio 12OHz 70 dB

ELECTRICAL CHARACTERISTICS Standard Tesl Conditions (unless otherwise noted) V66 = 15V TA = 25oC Expandor mode
(see test circuit) Input signals al unity gain level = IOOmV RMS at lKHz, V1 = VZ, RZ = 3.3K
Rg = l7 '3K

^

TEST CIRCUIT

2.21tF

O--JF

CR
lOpF

CA
1pF

2.2UF

V 1

I
I
(3 ,13)

R2
to/o ,'l ttF 22pF

I I
vz o--i
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CIRCUIT DESCRIPTION AND APPLICATIONS NE572

AUDIO SIGNAL PROCESSING IC
COMBINES VCA AND FAST AT.
TACK-SLOW RECOVERY LEVEL
SENSOR
In high performance audio gain control appl i-
cations i t  is desirable to independently con-
trol the attack and recovery t ime of the gain
control signal. This is true, for example, in
compandor appl icat ions lor noise r€duction.
In high end systems the input signal is usual-
ly spl i t  into two or mor€ frequency bands to
opl imize lhe dynamic behavior for €ach
band. This reduces low frequency distorl ion
du€ to control signal r ipple, phase distor-
t ion, high frequ€ncy chann€l overload and
noise modulat ion. Becaus€ of lhe expense
in hardware, mult iple band signal proc€ss-
ing up to now was l imiied to professional
audio appl icat ions.

With ihe introduction of the Signetics NE572
this high performance noise reduction con-
cept becomes feasible for consumer hi f i
appl icai ions. The NE572 is a dual channel
gain control lC. Each channel has a l inear-
ized, temperature compensated gain cel l
and an improved level sensor. In conjunction
with an external low noise op amp for current
io voltage conversion, the VCA features low
d is to r t ion ,  low no ise  and w ide  dynamic
range. The novel level sensor which pro-
vides gain control curr€nt for the VCA gives
lower gain control r ipple and independent
control of tast attack, slow recovery dynam-
ic response. An altack capaci lor CA wiih an
internal 1OK r€sistor 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 Rp. Typical at-
tack t ime of 4MS for the high frequency
spectrum and 40MS for the low trequency
band can be obtained with . lpF and 1.OpF
atlack capaci lors resp€ci ively. Recovery
t ime of 2O0MS can b€ obtained with a 4.7pF
external capacitor. With the recovery ca-
pacitor added in the level s€nsor, the gain
control r ipple for low frequency signals is
much lower than lhat of a simple RC ripple
f i l ter. As a result the residual third harmonic
distort ion of low frequency signal in a two
quad transconductanc€ ampli f ier is greatly
improved. With the 1.OpF attack capacitor
and 4.7pF recovery capacitor for a 100H2
signal the third harmonic distort ion is im-
proved by more than lOdb over the simple
RC ripple f i l ter with a singl€ 1.opF attack
and recovery capacitor, while the attack
time remains the same.

The NE572 is assembled in a slandard 16
pin dual in l ine plast ic package. l t  operates
over wide supply range from 6V to 22V. Sup-
ply current is less than 6mA. The NE572 is
designed tor consumer appl icat ion over a
temperature range 0-70oC.

NE572 BASIC APPLICATIONS

Description
The NE572 consists of two l in€arized, tem-
perature compensated gain cel ls (AG) each
with a ful l-wave recti f ier and a buffer ampli f i -
er as shown in lhe block diagram. The two
channels share a 2.5V common bias refer-
ence derived from th6 power supply but oth-
erwise operate independently. Because ol
inherent low distort ion, low noise and the
capabil i ty to l inearize large signals, a wide
dynamic range can be obtained. The buffer
ampli f iers are provided io permit control of
aitack t ime and recovery t ime independent
of each other. Parl i t ion€d as shown in the
block diagram, the lC al lows f lexibi l i ty in the
design of system levels that optimize DC
shil t ,  r ipple distort ion, tracking accuracy
and noise f loor for a wide range of appl ica-
t ion requirements.

Gain Cell
Figure 1 shows the circuit  conl iguration ot
the gain cel l .  Bases of the dif ferential pairs
Q t - Qe and Q3 - Q4 are both t ied to the
output and inputs of OPA A1. The negative
feedback through Q t holds the Vgg of Q 1 -

Q2 and the Vgg of Q3 - Q4 equal. The
fol lowing relat ionship can be derived from
the transistor model equation in the lorward
active region.

l Y g E e s - e l = A v e e q , - o ,

(vee = Vt In lc/ ls)

- ( 1 )

Vin
where tin = 

El-

R l  =  6  8 K

I t  =  140PA

b - 2aoPA

19 is the dif ferential output current of the
gain cel l  and 16 is ihe gain control current of
the gain cel l .

l f  al l  transistors Q1 through Q4 are of th€
same size, equation (2) can be simpll i€d to:

2 1
t O =  r z . l i n . l c - V M -  2 1 1 ) . 1 6  - ( 3 )

The f irst term ol eqn. (3) shows the mult ipl ier
relai ionship of a l inearized iwo quadrant
transconductance ampli f ier. The second
term is the gain control feed through due to
the mismatch of devices. In the design this

u,," e+j!) - ",,, (2_g:_E-L,. )

= u,," f 
'-u.) - ",,"(n+t),,,

I

BASIC GAIN CELL SCHEMATIC
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CIRCUIT DESCRIPTION AND APPLICATIONS NE572

has been minimized by large matched de-
vices and careful layout. Offset voltage is
caused by the device mismatch and i t  leads
to even harmonic distort ion. The offset volt-
age can be tr immed out by feeding a current
source within +25p.4 into the THD tr im pin.
The residual distort ion is third harmonic dis-
tort ion and is caused by gain control r ipple.
In a compandor system, avai lable control of
fast attack and slow recovery improves rip-
ple distort ion signif icantly. At the unity gain
level of 100mV, the gain cel l  gives THD (to-
tal harmonic distort ion) ol .17olo TYP. Output
noise with no input signals is only 6pV in the
audio spectrum (1OHZ-2OKHZ). The output
current lg must leed the vir lual ground input
of an operational ampli f ier with a resistor
from output to invert ing input. The non-invert-
ing input of the operational ampli f ier has to
be biased at VREF if  the output current 16 is
dc coupled.

Rectifier
The recti f ier is a ful l-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 polari ty. Deadband ot the voltage to
current converter is reduc€d by ihe loop
gain of the gain block A2. l f  AC coupling is
used, the recti f ier error comes only from in-
put bias current of gain block A2. The input
bias current is typical ly about 70nA. Fre-
quency response of the gain block A2 also
causes second order error at high trequen-
cy. The col lector current of Q6 is mirrored
and summed at the col lector of Q5 to form
the ful l  wave recti f ied output current lp. The
recti f ier transfer function is

rR = llrllI  Rz | -(4)

The internal bias scheme l imits the maxi-
mum output current lR to be around 300pA.
Within a + 1dB error band the input range of
the recti t ier is about 52d8.

Buffer Amplifier
In audio systems, i t  is desirable to have fast
attack t ime and slow recovery t ime for a
tone burst input. The fast attack t ime re-
duces transient channel overload but also
causes low frequency r ipple distort ion. The
low frequency r ipple distort ion can be im-
proved with the slow recovery time. lf differ-
ent attack t imes are implemented in corre-
sponding frequency spectrums in a spl i t
band aud io  sys tem,  h igh  qua l i t y  per fo r -
mance can be achieved. The buffer ampli f ier
is designed to make this feature avai lable
wilh minimum external components. Refer-
r ing to Figure 3, the recti f ier output current is
mirrored into the input and output of the
unipolar buffer ampli f ier A3 through Qg, Qg
a n d  Q 1 6 .  D i o d e s  D 1 1  a n d  D 1 2  i m p r o v e

1 8

SIMPLIFIED RECTIFIER SCHEMATIC

T
I=

TRACKING
TRIM

Figu.e 3
I

^
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CIRCUIT DESCRIPTION AND APPLICATIONS NE572

t rack ing  accuracy  and prov ide  common
mode bias for A3. For a posit ive going input
signal, the buffer ampli f ier acts l ike a volt-
ag€ follow€r. Therefore, the output imped-
ance of A3 makes the contr ibution of ca-
pac i lo r  CR to  a t tack  t ime ins ign i f i can t .
Neglecting diode impedance the gain Ga(t)
for AG can be expressed as tollows.

-t

Ga(t) = (Ga1X1 - Gappl) e 7A + caplg

Gint = lnitial Gain

rA = RA . CA = 10K . CA Gtnl = Final cain

wher€ rA is the attack time constant and RA
is a 10K internal re8istor. Diod€ D1S opens
the feedback loop of Ag for a negative going
signal i f  the value of capacitor CR is larger
than capacitor CA. The rocovery time de-
pends only on CR . Rp. l f  the diode imped-
ance ig assumed negligibl€, the dynamic
gain GR (t) tor AG is expressed as tollows.

cp(t) = (cp tNT - cR FNL) eE * GR rNr

r R  =  R R .  C R  =  1 0 K .  C R

where rR is the recovery tim€ constant and
Rp is a 10K internal resistor. The gain con-

t ro l  cur ren t  i s  mi r ro red  to  the  ga in  ce l l
through Q14. The low level gain errors due
to input bias current of A2 and Ag can be
tr imm€d through the tracking tr im PIN into
A3 with a current source of +3pA.

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

VOU1 2 Rg . V;X (AVG)-VrN = ii' :-;;t

Both the resistors R1 and R2 are t ied to
internal summing nodes. R1 is a 6.8K inter-
nal resislor. The maximum input current into
the gain c€l l  can be as large as 14OpA. This
corresponds to a voltage level of 14OttA .
6.8K = 952mV peak. The input peak current
into the recti f ier is l imited to 30OpA by the
internal bias system. Note that the value of
Rl can be increased to accommodate high-
er input level.  R2 and R3 are external resis-
tors. l t  is easy to adjust th€ rat io of R3/R2
for desirable system voltage and current
levels. A small  R2 results in higher gain con-
trol current and smaller stal ic and dynamic

tracking error. However, an impedanc€ buff-
er A1 may be necessary i f  the input is volt-
age drive with large source impedance.

The gain cel l  output current feeds the sum-
ming node of th€ €xtornal OPA A2. R3 and
42 convert the gain cel l  output current lo the
output voltage. In high p€rformance applica-
t ions, A2 has to be low noise, high speed
and wide band so that the high performance
output ot the gain c€l l  wi l l  not be degraded.
The non-invert ing input ot A2 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 A2 for maximum swing.
The output DC level of A2 is given by

/ a s \ n s
v o D c = v n e r  

[ 1  
* i l  

J - v B  R 4 '  - Q )
\  ' /

Vg can be t ied to a regulated power supply
for a dual supply system and be grounded
for a single supply system. CA sets the at.
tack t ime constant and CR sets th€ recovery
t ime constant.

- (  1 )

BASIC EXPANDOR SCHEMATIC
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Figure 4
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CIRCUIT DESCRIPTION AND APPLICATIONS NE572

Basic Comprossol
Figure 5 shows the hook-up of the circuit  as
a compressor. The lC is put in th6 feedback
loop ot the OPA A1. The system gain ex-
pression is as fol lows:

V O U 1  1 1  R 2 .  R 1-VrN = T' irl.-Volmdt

RDC1, RDC2, and CDC torm a dc feedback
for A1. The output DC level of A1 is given by

|  ^ r " ,  + noce\
Vooc  =  vne r  \ 1+  R4  I

I Rou + Rocz \- V B ' \  R 4  )  
_ Q I

The zener diodes D1 and D2 are used for
channel overload orotection.

Basic Compandor System
The above basic compressor and expandor
c a n  b e  a p p l i e d  t o  s y s t e m s  s u c h  a s
tape/disc noise reduction, digital audio,
bucket brigade delay l ines. Addit ional sys-
tem design techniques such as bandlimit ing,
band spl i t t ing, pre-emphasis, de-emphasis
and equalization are €asy to incorporai€.
The lC is a versati l€ tunctional block to
achieve a high performance audio system.
Figure 6 shows the system level diagram for
reference.

VIN4
R3

t  7 .3K

l K  R 5
( 6 , 1 0 )  V R E F

crN2

( 2 , 1 4 ) crN3
2 , 2 t i F

-r

I
I=
CR

10gF

T
J-=
CA
1uF

^

NE572 SYSTEM LEVEL - 2
I
I

- l REL LEVEL ABS LEVEL

E1pANDOR DB dBM

+29.54

+'14.77
+ 12 .O

o.o

:=-
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