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FEA TURES

· Pre-trimmed VCA & RMS detector

· Wide supply voltage range: 4.5V~16V

· Low supply current: 3.7mA typ. (5V)

· Four opamps

· One low-noise opamp (<5nV/rt-Hz)

· On board PTAT reference

· Wide dynamic range: 120dB as 
compander

AP PLI CA TIONS

·  Companding noise reduction

·  Wireless microphones

·  Wireless instrument packs

·  Wireless in-ear monitors

·  Battery operated dynamics processors

·  Compressors

·  Limiters

·  AGCs

·  De-essers

De scrip tion

The TTAE4320 is a sin gle-chip An a log EngineÓ

op ti mized for low-volt age, low-power operation.

In cor po rat ing a high per for mance volt age

con trolled am pli fier (VCA), RMS-level sen sor, and

four opamps. The sur face mount part is aimed at

low power ap pli ca tions such as wire less

mi cro phones, remote sensor instruments and

portable communication devices. The TTAE4320

op er ates from a sin gle sup ply volt age down to

+4.5Vdc, draw ing only 3.7mA.

This TTAE4320 works at sup ply volt ages up to

16Vdc, mak ing it use ful in line-op er ated products

as well. The VCA is pre-trimmed at wa fer stage to

de liver low dis tor tion with out fur ther adjustment.

OA1opamp is quiet enough to be used as a

mi cro phone preamp.

The part was de vel oped spe cif i cally for use as a

companding noise re duc tion sys tem. The TTAE4320 

is an ex tremely flex i ble device that can be

con fig ured for a wide range of applicat ions,

in clud ing sin gle and multi-band companders,

com pres sors, lim it ers, AGCs, de-essers, etc.

It is especially useful in companding noise

reduction systems. With its ablility to reproduce the

cleanest and most true amplified reproduction of

the input signal through the use of the on board

PTAT (pro por tional to ab so lute tem per a ture)

volt age ref er ence to generate ther mally

com pen sated con trol volt ages for thresh olds and

gain set tings.

NOTE: An a log En gine is a copyright of THAT

Cor po ra tion.

Fig ure 1. TTAE4320 equiv a lent block diagram
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Ab so lute Max i mum Rat ings (TA = 25°C)

Pos i tive Sup ply Volt age (VCC) +18 V

Sup ply Cur rent (ICC) 30mA

Op er at ing Tem per a ture Range (TOP) -55 to +175°C

Out put Short-Cir cuit Duration 30 sec

Power Dis si pa tion (PD) (TA = 85°C) 400mW

In put Volt age Sup ply Voltage

Stor age Tem per a ture Range (TST) -55 to +200°C

Lead Tem per a ture Range (Sol der ing, 10sec) 300°C

 Elec tri cal Char ac ter is tics2

Pa ram e ter Sym bol Con di tions Min Typ Max Units

Power Sup ply

Pos i tive Sup ply Volt age VCC Ref er enced to GND +4.5 — +16 V

Neg a tive Sup ply Volt age (OA1) VEE OA1 only -Vcc-16 0 0 V

Re sis tive Di vider Volt age VPIN13 When over rid den by split sup ply VCC -8 Vcc/2 GND + 8 V

Sup ply Cur rent ICC No Sig nal
VCC = + 5 V 3.7 6 mA
VCC = +15 V 5 10 mA

IEE VCC = +5V, VEE = -5V 0.6 - mA

Elec tri cal Char ac ter is tics2

Volt age Con trolled Am pli fier (VCA)

Pa ram e ter Sym bol Con di tions Min Typ Max Units

Max. I/O Sig nal Cur rent iIN(VCA) +iOUT(VCA) VCC = +5 V 500 mA peak

VCC = +15 V 1  mA peak

Gain at 0V Con trol3 G0 0V at +IN of OA2 -1.5 0 +1.5 dB

Gain-Con trol Con stant EC+/Gain (dB) -60 dB < gain < +40 dB — 6.0 — mV/dB

Gain-Con trol Tempco DEC / DTCHIP Ref TCHIP =27ºC — +0.33 — %/ºC

Out put Off set Volt age Change4 DVOFF(OUT) ROUT =20 k W

0 dB gain — 1 15 mV

+15 dB gain  — 3 30 mV
+30 dB gain  — 10 50  mV

Out put Noise eN(OUT) 0 dB gain

22Hz~22kHz, RIN = ROUT = 20 kW — -98 -95 dBV

 To tal Har monic Dis tor tion3 THD     VIN = -5dBV, 1kHz, 0V at +IN of OA 2 0.05 0.1 %

RMS level de tec tor

Out put Volt age at Ref er ence IIN eO(0) iIN = 7.5 mA RMS -8  0 +8 mV

Out put Er ror at In put Ex tremes eORMS)er ror iIN = 200 nA RMS 1 3 dB

iIN = 1 mA RMS 1  3 dB
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Elec tri cal Char ac ter is tics2 (Cont ’d.)

Pa ram e ter Sym bol Con di tions Min Typ Max Units

Scale Fac tor Match to VCA  -20 dB < VCA gain < +20 dB

1ma < I IN(RMS) < 100 mA .95  1 1.05 —

Rec ti fier Bal ance ±7.5mA DCIN ±1  dB

Tim ing Cur rent  IT  - 7.5 - mA

Fil ter ing Time Con stant i 3467 X C TIME s

Out put Tempco D EO /D TCHIP Ref TCHIP = 27 ºC - +0.33 - %/ºC

Load Re sis tance RL  -250 mV < VOUTRMS < +250 mV, re:Vref 2  kW

Ca pac i tive Load CL  150  pF
Op er a tional Am pli fier OA1

In put Off set Volt age VOS - ± 1  ± 3.5  mV

In put Bias Cur rent  IB  -  500  1200 nA

In put Off set Cur rent  IOS - ± 30  ± 120  nA

In put Com mon Mode Range VICR+ 4 4.3  -  V

VICR-  - 0.4 0.6  V

Equiv a lent In put Noise Volt age eN(IN)  f = 1 kHz  - 4.5  6  nV/ Hz

Equiv a lent In put Noise Cur rent  iN(IN) f = 1 kHz  - 0.9  - pA/ Hz

Gain Band width Prod uct GBW f = 50 kHz - 13  - MHz

Slew Rate SR G = +10, CL = 100 pF 2.3  4  -  V/ms

Open Loop Gain AVOL  RL =10 kW - 95  - dB

Out put Short Cir cuit Cur rent ISC+  Out put to VCC /2, VID = +0.4 V  -2.3 -6.5  -20  mA

ISC- Out put to VCC /2, VID = -0.4 V 1.5  3.7    12 mA

Out put Volt age Range VO+ RL = 10 kW  to VCC /2, G = +10 VCC - 0.9 VCC - 0.75   - V

VO+ VEE + 0.75 VEE + 0.95 V

Ca pac i tive Load CL 150  pF

Power Sup ply Re jec tion Ra tio PSRR +5 V < VCC - VEE < +15 V - 105  -  dB

Op er a tional Am pli fier OA2 (Con trol Volt age Buffer)

In put Off set Volt age VOS - ± 1.5  ± 6  mV

In put Bias Cur rent IB -  450  1000 nA

In put Off set Cur rent  IOS - ± 25  ± 100  nA

In put Com mon Mode Range VICR -1  +1  V

Equiv a lent In put Noise Volt age eN(IN)  f = 1 kHz  - 8 -  nV/ Hz

Equiv a lent In put Noise Cur rent  iN(IN) f = 1 kHz  - 0.6  - pA/ Hz

Gain Band width Prod uct GBW f = 50 kHz,CL = 100 nF, RL= 10 kW  - 0.012/CL  - Hz

Slew Rate SR G = +1 ISC/CL  -  V/ms

Open Loop Gain AVOL  RL = 10 k W - 57.5  - dB

20*long(.075*RI) dB

Out put Short Cir cuit Cur rent ISC+  Out put to VCC /2, VID = +0.4 V  - -4 -  mA

ISC- Out put to VCC /2, VID = -0.4 V -  2.7  - mA

Power Sup ply Re jec tion Ra tio PSRR +5 V < VCC  - VEE < +15 V - 88  -  dB

Ca pac i tive Load5 CL 22  nF
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 Elec tri cal Char ac ter is tics2

Pa ram e ter Sym bol Con di tions Min Typ Max Units

Op er a tional Am pli fier OA3 (VCA Cur rent-to-Volt age Con verter)

In put Off set Volt age VOS  ± 1.5   mV

In put Bias Cur rent IB -  200  nA

In put Off set Cur rent  IOS  Only one in put is accessible

In put Com mon Mode Range VICR Not meaningful  

Equiv a lent In put Noise Volt age eN(IN)  f = 1 kHz  - 10.5 -  nV/ Hz

Equiv a lent In put Noise Cur rent  iN(IN) f = 1 kHz  - 0.3  - pA/ Hz

Gain Band width Prod uct GBW f = 50 kHz  - 7.3  - MHz

Slew Rate SR CL = 100 pF  - 3.2  -  V/ms

Open Loop Gain AVOL  RL =10 k W - 92  - dB

Out put Short Cir cuit Cur rent ISC+  Out put to VCC /2   -3.5 -  mA

ISC-   2.5  - mA

Out put Volt age Range RL =10 kW to VCC /2, Rf = 20 kW , 0 dB VCA gain

VO+ Iin(VCA) = +100 mA 4.1 4.25 - V

VO+ Iin(VCA) = -100 mA 0.75 0.9 V

Ca pac i tive Load CL 150  pF

Op er a tional Am pli fier OA4

In put Off set Volt age VOS - ± 1.5 ± 5  mV

In put Bias Cur rent IB -  200 500 nA

In put Off set Cur rent IOS - ± 10 ± 50  nAI

In put Com mon Mode Range VICR+ 4 4.3  -  V

VICR-  - 0.4 0.6  V

Equiv a lent In put Noise Volt age eN(IN)  f = 1 kHz  - 10.5  6  nV/ Hz

Equiv a lent In put Noise Cur rent  iN(IN) f = 1 kHz  - 0.3  - pA/ Hz

Gain Band width Prod uct GBW f = 50 kHz - 7.3  - MHz

Slew Rate SR G = +10, CL = 100 pF 2.0 3.2  -  V/ms

Open Loop Gain AVOL  RL = 10 kW  - 92  - dB

Out put Short Cir cuit Cur rent ISC+  Out put to VCC /2, VID = +0.4 V  -1.3 -3.5 -12  mA

ISC-  Out put to VCC /2, VID = +0.4 V 1  2.5  8  mA

Out put Volt age Range VO+ RL =10 kW  to VCC /2, G = +10 4.1 4.25 - V

VO+ 0.75 0.9 V

Ca pac i tive Load CL 150  pF

Power Sup ply Re jec tion Ra tio PSRR +5 V < VCC < +15V - 100  -  dB

Vcc/2 Ref er ence Buffer

Ref er ence Volt age VREF No Sig nal, No load on pin 13,

VCC = +5 VRL = 3 kW  to VCC  or GND 2.4 2.5 2.6 V

VCC = +15 V - VCC /2 - V

Volt age Di vider Im ped ance RA ,RB - 20  - kW

Out put Short Cir cuit Cur rent IOsc- Out put to VCC  -3 mA

IOsc+ Out put to GND 4.5 mA
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 Elec tri cal Char ac ter is tics2

Pa ram e ter Sym bol Con di tions Min Typ Max Units

Out put Noise Volt age eN(OUT) 22 Hz ~ 22 kHz, CFILT = 22 mF  - -120 -117  dBV

Ca pac i tive Load5 CL 22 nF

Pro por tional To Ab so lute Tem per a ture (PTAT) Volt age Gen er a tor

Out put Volt age VPTAT RL = 10 kW ,TCHIP = 25 ºC - VREF - 0.072 - V

VCA Gain Change Caused by VPTAT VPTAT ap plied to OA2 ,AV = +1

VCA Gain at 1 kHz -11  -12 -13 dB

Out put Tempco D(VPTAT - VREF )/DTCHIP Ref TCHIP = 27 ºC - +0.33 - %/ºC

Max i mum Sink Cur rent  ISINK(MAX) 800  mA

Ca pac i tive Load CL 150 pF

Per for mance as a Compander6 (through an en code-de code cy cle)

Dy namic Range (Max sig nal level) - (No Sig nal Out put Noise) 120 dB

Dis tor tion THD f = 1 kHz  0.1 %

Fre quency re sponse  -20 dB re: Max Sig nal 20 Hz ~ 20 kHz  ± 1.5 dB

1.If the de vices are sub jected to stress above the Ab so lute Max i mum Rat ings, per ma nent dam age may re sult. Sus tained
op er a tion at or near the Ab so lute Max i mum Rat ings con di tions is not rec om mended. In par tic u lar, like all semi con duc tor
de vices, de vice reliability de clines as op er at ing tem per a ture in creases.

2. Un less oth er wise noted, TA =-55ºC to +125ºC, VCC =+5 V, VEE = 0 V. Test cir cuit is as shown in Fig ure 2.
3.As sumes OA2 is con fig ured for unity gain, & in cludes off set volt age of OA2

4.Ref er ence is to out put off set with -80dB VCA gain.
5. OA2 and the VCC /2 buffer re quire a ca pac i tive load for sta bil ity.
6. Com pres sor cir cuit is as shown in Fig ure 12, Ex pander cir cuit is as shown in Fig ure 13.
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Fig ure 2. TTAE4320 Test Cir cuit Schematic
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Fig ure 5. VCA THD vs. Level at -12dB Gain (BW=22KHz) Fig ure 6. VCA THD vs. Fre quency (BW=80KHz)

Fig ure 7. VCA Gain vs. Con trol Volt age Fig ure 8. VCA Noise vs. Gain (BW=22KHz)

Rep re sen ta tive Data

Fig ure 3. VCA THD vs. Level at 0 dB gain (BW=22KHz) Fig ure 4. VCA THD vs. Level at +12 dB gain (BW=22KHz)
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Fig ure 11. RMS Fre quency Re sponse vs. Level

Fig ure 9. VCA Off set vs. Gain
Fig ure 10. RMS Out put vs. Level



The TTAE4320 Dy nam ics Pro ces sor com bines a

proven Volt age-Con trolled Amplifier (VCA) and

RMS-Level De tec tor de sign with four gen eral-pur pose

opamps to pro duce an An a log En gine use ful in a va ri ety 

of dy nam ic pro ces sor appli ca tions. The part is

in te grated us ing a proprietary, fully com ple men tary,

di elec tric-iso la tion pro cess. This pro cess pro duces very

high-qual ity bipo lar tran sis tors (both NPNs and PNPs) with

unusually low col lec tor-sub strate ca pac i tances. The

TTAE4320 takes ad van tage of these de vices to de liver

wide band width and ex cel lent per for mance while

con sum ing very low cur rent and op er at ing over a wide

range of power sup ply volt ages.

For de tails of the the ory of op er a tion of the VCA and

RMS De tec tor build ing blocks, the in ter ested reader is

re ferred to TT Semiconductor’s data sheets on the

TT2180-Se ries VCAs and the 2252 RMS Level De tec tor.

The ory of the in ter con nec tion of exponentially-con trolled 

VCAs and log-re spond ing level detectors is cov ered in TT 

Semiconductor'’s ap pli ca tion note AN101, The

Math e mat ics of Log-Based Dynamic Pro ces sors.

The VCA — in Brief

The VCA in TTAE4320 is based on a com ple men tary

log-antilog gain cell to pol ogy — The Blackmer VCA —

as used in TTAE2180-Se ries IC VCAs. VCA symmetry is

trimmed dur ing wa fer probe for min i mum distortion. No

ex ter nal ad just ment is al lowed. See Fig ures 3 ~6,page 6 

for the rep re sen ta tive THD data.

In put sig nals are cur rents in the VCA’s IN pin. This pin

is a vir tual ground with dc level approximately equal to

VREF, so in nor mal op er a tion an input volt age is con verted 

to in put cur rent via an ap pro pri ately sized re sis tor (R44 in

Fig ure 2, Page 6). Be cause the cur rents as so ci ated with

dc off sets present at the in put pin and any dc off set in

pre ced ing stages will be mod u lated by gain changes,

the in put pin is normally ac-cou pled (C19 in Fig ure 2).

The VCA out put sig nal is also a cur rent, in verted with

re spect to the in put cur rent. In nor mal op eration, the

out put cur rent is con verted to a volt age via in verter OA3, 

where the ra tio of the con ver sion is determined by the

feed back re sis tor (R46 or R47, Fig ure 2) con nected

be tween OA3‘s out put and its invert ing in put. The sig nal

path through the VCA and OA3 is noninverting.

The gain of the VCA is con trolled by the volt age

ap plied be tween EC+ and EC-. Note that EC- is an internal

node con nected to the Vref gen er a tor. Gain (in

deci bels) is pro por tional to (EC+ – EC-). See Fig ure 7 [page 

7]. The con stant of pro por tion al ity is 6.0 mV/dB for the

volt age at EC+ (rel a tive to VREF). The VCA’s noise

per for mance var ies with gain in a pre dict able way, but

due to the way in ter nal bias currents vary with gain,

noise at the out put is not strictly the prod uct of a static

in put noise times the volt age gain com manded. Fig ure

8 [page 7] plots noise (in dBV — ref er enced to 1 V — in

a 22 kHz band width) at the out put of OA3 vs. VCA gain

commands over a range of -100 dB to +30 dB gain. At

large at ten u a tion, the noise floor of ~-109 dBV is lim ited

by the in put noise of OA3 and its feed back re sis tor. At 0

dB gain, the noise floor is ~-98 dBV as spec i fied. In the

vi cin ity of 0 dB gain, the noise increases more slowly

than the gain: ap prox i mately 5 dB noise in crease for

ev ery 10 dB gain in crease. 

Finally, as gain approaches 30dB, output noise

begins to increase directly with gain. While the

TTAE4320’s VCA circuitry is very similar to that of the

TT2180 Series VCAs, there are several important

differences, as follows.

1) Supply current for the VCA depends on VCC. At +5

V VCC, approximately 500 mA is available for the sum of

input and output signal currents. This increases to about

1 mA at +15 V VCC. (Compare this to ~1.8 mA for a

TT2180 Series VCA when biased as recommended. This

is appropriate given the lower supply voltage for the

TTAE4320.)

2) The signal current output of the VCA is internally

connected to the inverting input of on-chip opamp

OA3. In order to provide external feedback around this

opamp, this node is brought out to a pin.

3) Only the EC+ node is available for gain control. A

SYM control port (similar to that on the TT2180 VCA) exists, 

but is driven from an internally trimmed current

generator. The negative control port (EC-) is internally

connected to VREF.

4) The control-voltage constant is approximately 6.0

mV/dB, due primarily to the lower internal operating

temperature of the TTAE4320 compared to that of the

TT2180 Series.

5) The OTA used for the VCA’s internal opamp in the

TTAE4320 uses less emitter degeneration resistance in its

output than that of the TT2180 VCA. This requires that the

source impedance at the VCA’s input (which is a

summing junction) must be under 5 kW at frequencies

over 1 MHz. In Figure 2, C16 and R57 accomplish this. See

the applications section for an alternative on how to

address this issue.
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The RMS De tec tor — in Brief

The TTAE4320’s de tec tor com putes rms level by

rec ti fy ing in put cur rent sig nals, con vert ing the rec ti fied

cur rent to a log a rith mic volt age, and ap ply ing that

volt age to a log-do main fil ter. The out put sig nal is a dc

volt age pro por tional to the deci bel-level of the rms

value of the in put sig nal cur rent. Some ac com po nent

(at twice the input frequency) re mains su per im posed on

the dc out put. The ac sig nal is at ten u ated by a

log-domain fil ter, which con sti tutes a sin gle-pole rolloff

with cut off de ter mined by an ex ter nal ca pac i tor and a

pro gram ma ble dc cur rent.

As in the VCA, in put sig nals are cur rents to the RMS IN 

pin. This in put is a vir tual ground, so a re sis tor (R6 in Fig ure

2) is nor mally used to con vert in put volt ages to the

de sired cur rent. The level de tec tor is ca pa ble of

ac cu rately re solv ing sig nals well be low 10 mV (with a

5 kW in put re sis tor). How ever, if the de tec tor is to

ac cu rately track such low-level sig nals, ac cou pling is

nor mally re quired. Note also that small, low voltage

electrolytic capacitors used for this purpose may create

significant leakage if they support half the supply

voltage, as is the case when the source is

dc-referenced to ground. To ensure good detector

tracking to low levels, a tantalum capacitor or

high-voltage electrolytic may be required for input

coupling.

The log-do main fil ter cut off fre quency is usu ally

placed well be low the fre quency range of in ter est. For

an au dio-band de tec tor, a typ i cal value would be 5 Hz,

or a 32 ms time con stant (t). The fil ter’s time con stant is

de ter mined by an ex ter nal ca pac i tor at tached to the

CTIME pin, and an in ter nal cur rent source (IT) con nected to 

CT. The current source is internally fixed at 7.5 mA. The

resulting time constant in seconds is approximately

equal to 3467 * CTIME. Note that, as a result of the

mathematics of RMS detection, the attack and release

time constants are fixed in their relationship to each

other.

The RMS detector is capable of driving large spikes

of current into CTIME, particularly when the signal input to

the RMS detector increases suddenly. This current is

drawn from VCC (pin 15), fed through CTIME at pin 7, and

returns to the power supply through the ground end of

CTIME. If not handled properly through layout and

bypassing, these currents can mix into the signal with

unpredictable and undesirable results. As noted in the

Applications section, local bypassing from the VCC pin to

the ground end of CTIME is strongly recommended in

order to keep these currents out of the ground structure

of the device.

The dc out put of the de tec tor is scaled with the

same con stant of pro por tion al ity as the VCA gain

con trol: 6.0 mV/dB. See figure 10 [page 7]. The

detector’s 0 dB reference (iin0, the input current which

causes the detector’s output to equal VREF), is trimmed

during wafer probe to approximately equal 7.5 mA. The

RMS detector output stage is capable of sinking or

sourcing 125 mA. It is also capable of driving up to 150

pF of capacitance.

Frequency response of the detector extends across

the audio band for a wide range of input signal levels.

Note, however, that it does fall off at high frequencies at

low signal levels. See figure 11 (page 7). Differences

between the TTAE4320’s RMS Level Detector circuitry and 

that of the TT2252 RMS Detector include the following.

1) The rectifier in the TTAE4320 RMS Detector is

internally balanced by design, and cannot be balanced 

via an external control. The TTAE4320 will typically

balance positive and negative halves of the input signal

within 10 %, but in extreme cases the mismatch may

reach +40, -30 % (±3 dB). However, even such extreme  

mismatches will not significantly increase ripple induced

distortion in dynamics processors over that caused by

signal ripple alone.

2) The time constant of the TTAE4320’s RMS detector

is determined by the combination of an external

capacitor (connected to the CT pin) and an internal

current source. The internal current source is set to about 

7.5 mA. A resistor is not normally connected directly to

the CT pin on the TTAE4320.

3) The 0 dB reference point, or level match, is also

set to approximately 7.5 mA. However, as in the TT2252,

the level match will be affected by any additional

currents drawn from the CT pin. 

The Opamps — in Brief

The four opamps in the TTAE4320 have been

optimized independently to suit each one’s intended

application. While they all use PNP input stages, they

differ in bandwidth, noise level, and compensation

scheme depending on their expected uses. Therefore,

to get the most out of the TTAE4320, it is useful to know

the major differences among these opamps.

OA1 - Low Source Impedance Pre-amp

OA1, with typical equivalent input noise of 4.5 nV/ ÖHz, is

the quietest opamp on the TTAE4320. This opamp is

intended for signal conditioning such as

preamplification from low-impedance sources. (At

source impedances of >5.6 kW , the input current noise

contribution will surpass the voltage contribution.) 

OA1 is a unity-gain stable, with source impedances

at both inputs less than ~5 kW, 13 MHz opamp. Its

output typically swings to within 0.75 V of VCC or VEE,

allowing it to support a 1.2 VRMS sine wave from a single 

+5 V supply (4.75 VRMS with a +15 V supply). Its typical

slew rate is ~ 4 V/ms, allowing the part to support
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maximum level sine waves of up to 360 kHz on a +5V

supply (94 kHz on a +15 V supply). OA1‘s output is

capable of driving up to 150 pF, so it is possible to

directly bypass RF to ground via a small capacitor at

OA1‘s output, as is often desired in wireless transmitter

applications.

OA1‘s most unusual feature7 is that it’s negative

power supply connection is brought out separately to VEE

(pin 28) to provide additional headroom in certain

applications. While VEE is normally connected to the

power supply ground (and pins 1 and 14, which are the

ground connections for the rest of the chip), it can be

connected to a separate negative supply. OA1‘s

positive supply connection is internally connected to VCC

(pin 15). Therefore, OA1 sees as its supply voltage the

difference between VCC and VEE. Note that this difference 

must not exceed 16 V.

To gain an advantage from the separate VEE

connection for this opamp, the design must provide a

negative supply below ground to this pin. By doing, so,

OA1 can gain additional voltage swing over that

available to the rest of the IC. Because OA1 is

commonly used as a pre-amp before a noise reduction 

compressor based on the rest of the chip, headroom is

most critical at this point. (The VCA will reduce the audio

signal’s dynamic range to a more manageable level for 

subsequent stages.) The rest of the chip can run from +5 

V and ground to maintain low power dissipation, while

only OA1 is run from, say, a ±5 V supply to gain

additional headroom.

To see how this works in practice, suppose VCC is +5

V. If VEE is set to 0 V (ground), the maximum swing at

OA1‘s output is typically 3.5 V (typically, OA1 reaches

within ~0.75 V of its supply rails), if, instead, VEE is set to -5

V, the maximum swing at OA1‘s output increases to 8.5 V 

— for a 7.7 dB increase in dynamic range!

OA2 - Control Voltage Buffer

OA2 is intended as a control voltage buffer, and is

the least general purpose of the four opamps. It is

externally compensated, and requires at least 22 nF at

its output to remain stable. This was a deliberate design

choice based on several factors including the relatively

limited bandwidth and voltage swing required for the

VCA control port and the importance of low noise (and

low RF content) at this node. Additionally, the capacitive

high-frequency output impedance guarantees stability

in the VCA.

Because it is intended to handle only the VCA

control port signal (consisting primarily of dc with added

low frequency content), OA2 is optimized for dc at the

expense of ac performance. This opamp has limited

input compliance (±1 V common mode range), is

relatively slow (120 kHz gain-bandwidth product with a

typical 100 nF capacitive load), has low open-loop gain 

(57 dB with the typical 10 kW resistive load), and has

approximately a 10 W output impedance. These

characteristics, while limiting for most opamp

application, are ideal for the control voltage buffer. In

particular, compensating the opamp at its output takes

advantage of an often-required RF-bypass capacitor to

minimize noise pickup at the sensitive VCA control port.

OA3 - VCA Current-to-Voltage Converter

OA3 is intended to translate the VCA’s output currents 

into voltage signals. It is a unity-gain stable, 7.3 MHz

opamp with moderately low input noise of 10.5 nv/ ÖHz.

This noise floor complements that of the VCA. Like OA1,

because it handles signals directly, OA3 is optimized for 

performance. It’s output typically swings to within 0.75 V

of VCC or ground, allowing it to support a 1.2 VRMS sine

wave from a single +5 V supply (4.75 VRMS with a +15 V

supply). It’s typical slew rate is ~3.2 V/ms, allowing the

part to support maximum level sine waves at up to 290

kHz on a +5 V supply (75 kHz on a +15 V supply).

As with the other opamps, OA3‘s output is capable

of driving up to 150 pF, so it is possible to directly bypass

RF to ground via a small capacitor at OA3‘s output. It’s

output section is capable of supplying at least 1 mA,

making it possible to use this opamp directly as the

output stage in lightly loaded applications. Note,

however, that OA3‘s output is not designed to withstand

an indefinite short-circuit to a power supply or ground

rail, and a resistor should be included in series with such

outputs to ensure stability with capacitive loads larger

than 150 pF.

OA4 - General Purpose OpAmp

OA4 is intended for either signal or control voltage

applications. It is a unity-gain stable, 7.3 MHz opamp

with moderately low input noise voltage of 10.5 nv/Ö Hz,

and moderately low input noise current of 0.3 pA/Ö Hz.

Because of it’s lower current noise, OA4 is a better

choice for a pre-amp than OA1 in cases where the

source impedance feeding it is high. 

All other characteristics of OA4 are similar to those of

OA3.

VCC/2 Reference Buffer

For single-supply applications, the TTAE4320 requires a

center-tap to provide a synthetic “ground” reference for

its circuitry. The TTAE4320 contains a built-in resistive

divider (at pins 13/14/15), followed by a buffer, to

provide a low impedance source at approximately half

VCC. Note that the center tap of the resistive divider is

brought out to filter the voltage, thereby minimizing noise 

in the divider. A large electrolytic capacitor (typically 22

mF or greater) is used for this purpose.
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The output of the buffer is available at pin 11. This is

“VREF”. The buffer is capable of delivering ~3 mA at its

output. Like OA2, it is compensated by capacitance at

its output, working against an internal output impedance 

of approximately 10 W; at least 22 nF should be used to

ensure stability, reduce high frequency output

impedance, and attenuate high frequency noise.

VREF may be used to supply a “ground” reference

voltage to other sections of circuits beyond the TTAE4320 

itself. However, in any such uses, the designer should

take care to minimize currents, especially signal currents, 

that flow through the VREF line. Any signal currents should

return to the real circuit ground (GND); VREF should be

connected only to relatively high impedance loads

(e.g., the positive input of opamps). Where significant

currents (signal or otherwise) must be delivered at the

VREF dc level, an opamp should be used to buffer the VREF

line itself.

Another approach to power supply arrangements is

to operate the TTAE4320 from symmetrical split supplies

(e.g., ±5 V and ground). In such cases, the center-tap

of the resistive divider (pin 13) should be grounded. This

will force VREF to very nearly ground (within the offset of

the VCC/2 buffer).

A final note on the subject of power supply

connections is that both of the TTAE4320’s two GND pins

(1 and 14) must be tied together for proper operation of

the device. While these pins are tied together internally

on the chip, due to the large size of the die inside the

part, the resistance and inductance of the internal

connection is not as low as an external PCB trace can

provide. The TTAE4320 may not meet all its specifications 

unless a short PCB connection is made between these

two pins.

PTAT Voltage Generator

The VCA control port and the RMS-level detector

output both share a fundamental temperature drift

proportional to absolute temperature. Room

temperature is approximately 300 ºK (or 27 ºC), so near

room temperature the drift amounts to +0.33 %/ºC. The

drift is expressed in percent per degree Celsius because

the magnitude of the change with temperature

depends on the gain control command or detected

level being presented. There is no temperature drift at 0

dB gain, or at the RMS’ reference level. But, away from

either of these 0 dB points, the scale factor of these

parameters varies by 0.33 % for each degree Celsius of

temperature change. 

The PTAT voltage generator produces an output that

varies directly with absolute temperature. At 25 ºC, it’s

output is 72mV. One end of the generator is connected

to VREF, the other (negative end) is buffered and brought

out at VPTAT (pin 9). While one ap-plication for the voltage

on this pin might be to read the temperature of the IC, it 

has many important practical uses in applications

based on the TTAE4320. Basically, it provides a voltage

that can be used, after appropriate scaling, to supply

any gain controls or offsets used to condition the RMS

detector output and/or the VCA gain control signals.

An example may help make this clear. Suppose a

designer wants to provide a potentiometer to control

signal gain through the VCA. If the desired gain range is

0 to +20 dB, the VCA control port must be driven from 0

mV (for 0 dB gain) to +120 mV (for +20 dB gain), but

only at room temperature. (At room temperature, the

gain control constant is 6.0 mV/dB.) If the temperature

increases by 10 ºC, the voltage for 0 dB gain remains

the same, but that for 20 dB gain increases by 3.3 %, to

124 mV. If the same 120 mV gain command is applied

(because it comes from a source that does not vary with 

temperature), the gain will be 19.35 dB, not 20 dB.

If the supply that feeds the gain-control port drives

from a stable voltage source, the commanded gain will

drift with temperature. Alternatively, if the supply can be

made to vary with temperature just as the control port’s

sensitivity drifts, the two can compensate each other

and the result will be stable. That is the purpose of the

TTAE4320’s PTAT voltage generator: to supply a voltage

that drifts exactly as the VCA and the RMS detector drifts. 

The PTAT voltage can be used, with appropriate scaling,

to reference all gain controls, gain offsets, and threshold

setting amplifiers throughout the level-processing side

chain. And, because the PTAT generator is integrated on

the same IC as its VCA and RMS detector, temperature

tracking between these three components is excellent.

The No Connection Pins

Six pins on the TTAE4320 (5, 10, 12, 19, 22, and 24)

are labeled “No Connection” (N/C). These pins are not

internally connected to the TTAE4320 die, so it is

acceptable to leave these pins unconnected or to

connect these pins to some external circuit nodes. In

fact, the placement of the N/C pins was chosen partly to 

facilitate passive guarding to certain pins which are

sensitive to low-level leakage currents (e.g., the RMS and 

VCA inputs).

Because the dc potential at the most sensitive circuit 

nodes is very close to VREF, TT Semiconductor

recommends that all the N/C pins be connected to VREF

wherever possible. However, layout constraints may

preclude such a connection. In this case, either leave

the pins open, or choose a slow moving (dc) signal that

is close in dc potential to VREF, such as VPTAT. Tying the

N/C pins to VCC or GND — not recommended — will

guard against AC signals, but runs the risk of generating

unanticipated dc leakage currents which can spoil the

performance of the TTAE4320’s VCA and RMS detector.
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Noise Reduction (Compander) Configurations

A primary use of the TTAE4320 is for noise reduction

systems, particularly within battery-operated devices. In

these applications, one TTAE4320 is configured for use as 

a compressor to condition signals before feeding them

into a noisy channel. A second TTAE4320, configured as

an expander, is located at the receiver end of the noisy

channel. The compressor increases gain in the presence 

of low-level audio signals, and reduces its gain in the

presence of high-level audio signals. The expander works 

in opposite, complementary fashion to restore the

original signal levels present at the input of the

compressor.

During low-level signal passages, the compressor

increases signal levels, bringing them up above the

noise floor of the noisy channel. At the receiving end,

the expander reduces the signal back to it’s original

level, in the process attenuating the channel noise. 

During high-level signal passages, the compressor

decreases signal levels, reducing them to fit within the

headroom limits of the noisy channel. The expander

increases the signal back to its original level. While the

The TTAE4320 includes so many useful building

blocks and operates from such a wide range of supply

voltages that it is suitable for a wide variety of dynamics

processing applications. Chief among these are wireless 

companding systems. For this datasheet, we show the

part in a simple 2:1 companding noise reduction system 

that performs as well or better than any analog

companding solution on the market today. Many other

configurations of the TTAE4320 are possible, but are not

shown here. Please check with TT Semiconductor’s

applications engineering department to see if your

application has been covered yet, and for personalized

assistance with specific designs.

The encoder

Figure 12 shows a simple 2:1 encoder or feedback

compressor. The encoder in a wireless companding

system is located in the transmitter and generally

operates from a battery supply. To optimize signal levels

within the voltage limitations of the battery supply, the

encoder VCA gain is offset by 6dB via the ratio of R4 to

R1. Additionally, another 6 dB of static gain is injected at

the control port opamp, via VPTAT and R7. (A 36 mV dc 

channel noise may be increased in this action, a

well-designed compander will mask the noise floor with

the signal itself

The TTAE4320 was designed to facilitate the design

of a wide variety of companding noise reduction

systems. The RMS detector responds accurately over a

wide range of levels; the VCA responds accurately to a

wide range of gain commands; the detector output

and the VCA control input are fully configurable; and the 

part contains enough opamps to provide many options

in signal conditioning. All these features mean that the

TTAE4320 will support a wide range of compander

designs (and more), including simple 2:1 wide range

(level-independent) systems, level-dependent systems

with thresholds and varying compression slopes, systems

including noise gating and/or limiting and systems with

varying degrees of pre-emphasis and filtering in both the 

signal and detector paths. Furthermore, much of this

can be accomplished by extensively conditioning the

control voltage side chain rather than the signal itself.

The signal can pass through as little as one VCA and

one opamp, and still support multiple ratios, thresholds,

and time constants.

offset is required to produce 6 dB of static gain. Since

VPTAT ~-72 mV, a gain of -1/2 will create the required 36

mV. Because the PTAT generator voltage tracks in

temperature with the VCA gain control constant, this

gain will be stable over temperature.)

This encoder includes a high-frequency

pre-emphasis network at the input of the VCA (R3/C9)

that ultimately provides 20 dB of gain at 20 kHz. Its lower

corner frequency is at approximately 1.5 kHz (f1); the

upper corner is near 15 kHz (f2).

Companding noise reduction encoders often

include a clipper somewhere in the signal path to

prevent over modulation of the RF channel. The optional 

anti-paralleled diodes D1 and D2, can perform that

function in this circuit, and should be placed ahead of

the 20 kHz Butterworth low-pass filter composed of OA4

and its surrounding components. This placement helps

reduce “spectral splatter” that results from momentary

clipping. What clipping takes place is limited in duration

to transients only, since the encoder will eventually

reduce its gain to below the clip point.

The output of the low-pass filter is the output of the

encoder. This is where the input to the RMS detector is

derived. The input circuit for the RMS detector includes
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another pre-emphasis network which provides a

maximum of 10 dB of pre-emphasis (R10/C14), rising at

approximately 2.9 kHz (f3), and stopping at around 6.5

kHz (f4). These frequencies were chosen such that

 f f1 2 = f f3 4

This effectively centers the rising sections of both the

RMS and VCA pre-emphasis curves. This network feeds

the input of the RMS detector, which is a virtual ground

referenced to VREF.

As described in the Theory of Operation section “The

RMS Detector - In Brief” (on page 9), the RMS detector is

capable of driving large spikes of current into the

averaging capacitor CTIME. To prevent these currents

from upsetting circuit grounds, it is necessary to bypass

VCC to a point very near the grounded end of the CTIME

with a capacitor (C4 in Figure 12) equal to or greater

than the value of CTIME. The grounded ends of these two

capacitors should be connected together before being

tied to the rest of the ground system. Doing so will ensure 

that the current spikes flow within the local loop

consisting of the two capacitors, and stay out of the

ground system. This requirement applies to the decoder

and other applications of the TTAE4320 as well.

The output of the RMS detector is zero volts when the 

RMS input current is equal to the timing current (internally 

set to ~7.5 mA). A low-frequency voltage level of -26 dBu 

was chosen as the desired zero dB reference since this,

in conjunction with the applied static gain, makes

optimal use of the available gain in the VCA. Then, the

RMS detector’s low-frequency input resistance can be

calculated as:

R2 =  
0 775 10

7 5

26

20.

.

x

uA

-

  @ 4.99 kW

From the desired 10 dB pre-emphasis, the value for R10

can then be calculated to be 2.26 kW. C14 is calculated

based on the desired pre-emphasis starting frequency.

In TT Semiconductor’s application note AN103, A

Signal Limiter for Power Amplifiers, the compression ratio

for feedback compressor was derived using the

analytical technique described in AN101A,

The Mathematics of Log Based Dynamics Processors.T his 

technique is referred to as ‘working in the log domain’.

Using these methods, it can be shown that the

compression ratio (C.R.) of a feedback compressor is

C.R.=1 + A,

where A is the absolute value of the gain of the side

chain.

The RMS detector’s output is connected to the VCA

gain control port (EC+) through OA2, configured for an

inverting gain of one. This fixes the compression ratio at

2:1. Note that the negative sign in the side chain gain

makes this circuit a compressor.
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Fig ure 12. TTAE4320 2:1 En coder Circuit
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The decoder

Figure 13 shows the TTAE4320 configured as a 2:1

expander, an arrangement intended to complement

the encoder in Figure 12. This circuit is optimized for

low-voltage operation, as might be the case for a

decoder in an in-ear monitoring system which will run

from battery power.

The pre-emphasis network from the VCA input in

Figure 12 is now in the feedback loop of OA3. This

provides de-emphasis. The VCA is set up with -12dB of

static gain to keep output signal levels low for battery

operation. Because the VCA is not stable unless it sees a

high frequency source impedance of 5 kW or less, R5

and C9 provide the necessary compensation to

maintain stability. 

OA1 is used to implement another 20 kHz Butterworth 

low-pass filter. This ensures that noise  picked up in the

transmission channel will not cause mis-tracking

between the detectors in the encoder and decoder.

The output of this filter feeds the RMS detector input,

which in turn has the same pre-emphasis network as in

the encoder RMS detector.

Using the same log based mathematics described

earlier, the expansion ratio of a feedforward expander

can be shown to be

E.R.=1 + A

OA2 is configured as a gain-of-one follower. This

reverses the polarity of the control signal relative to the

encoder, and makes this circuit a 2:1 expander.

General Dynamics Processor Configurations

The same distinguishing features that make the

TTAE4320 so applicable to companding noise reduction

systems also qualify it for application to dynamics

processors of  all types. This is even more so when the

application must run from battery power. The TTAE4320 is 

versatile enough to be used as the heart of a

compressor, expander, noise gate, AGC, de-esser,

frequency-sensitive compressor, and many other

dynamics processors. It is beyond the scope of this data

sheet to provide specific advice about any of these

functional classes. 

Where to go from here

The design of compander systems and dynamics

processors is a very intricate art: witness the proliferation

of first analog, then digital companding systems, and

the many different dynamics processors available in the

market today. In the applications section of this data

sheet, we offer a single example of a compander as a

starting point only. TT Semiconductor’s applications

engineering department is ready to assist customers with 

suggestions for tailoring and extending these basic

circuits to meet specific needs.
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Fig ure 15. Ce ramic Flatpack pack age out line
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Fig ure 14. Ce ramic LCC pack age out line
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Fig ure 16. Ceramic dual in-line pack age out line

Fig ure 17. Plas tic dual in-line pack age out line
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Fig ure 18. 28 Lead Plasitc SOIC


