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Signal Limiter for Power Amplifiers

Abstract

Power am pli fi ers, when driven out of their lin -
ear range of op era tion, sound par ticu larly bad,
and can pro duce dam age to them selves or the
trans duc ers to which they are con nected.

The de sign of tra di tional pro tec tion cir cuits is
com pli cated by the vari ous per form ance, cost,
and sonic trade offs in volved.  There is cer tainly
no one right an swer to the lim iter puz zle.  The
cir cuits pre sented here, how ever, are de signed to
main tain a high level of sonic in teg rity, while re -
main ing cost- effective.

These cir cuits com bine ac tive lim it ing with a
diode- based clip per to pro vide ex cel lent driver
pro tec tion while avoid ing the sonic deg ra da tion of 
sim pler de signs.  An in no va tive non lin ear ca paci -
tor cir cuit fur ther im proves the sonic per form -
ance of the lim iter.

The de sign is based on the THAT 4301 Ana log 
En gine™, and thus re quires only a sin gle IC, a
cou ple of tran sis tors and di odes, and a hand ful of 
pas sive com po nents.

T H A T C o r p o r a t i o n APPLICATION NOTE 103

Sig nal Lim iter for Power Am pli fi ers

The sim plest cir cuits used to pre vent over load 
in power am pli fi ers usu ally em ploy di ode clip -
pers.  These have the ad van tages of be ing both
fast and in ex pen sive.  They also sound quite un -
pleas ant when the am pli fier is overdriven for
more than a few tens of mil li sec onds.  As a re sult, 
users may avoid fully ex ploit ing the am pli fi er’s
avail able head room be cause they fear the sonic
re sults of over load.  In the worst case, an am pli -
fier with oth er wise ad mi ra ble per form ance may
gain a repu ta tion for poor sound qual ity.

The sig nifi cantly im proved ver sion shown
here em ploys two stages of pro tec tion — a VCA-
 based lim iter which quickly and auto mati cally re -
duces the in put sig nal level to just be low the over -
load point, and a con ven tional di ode clip per to
han dle any  short du ra tion ex cur sions while the
lim iter stage re acts.

The cir cuits shown are built around the THAT 
4301 Ana log En gine.  The THAT 4301 pro vides
a single- chip so lu tion for a va ri ety of ana log sig nal 
proc ess ing ap pli ca tions.  It in cludes a high quality 
Black mer gain- cell VCA, an RMS- level detector,
and three gen eral pur pose op amps, two of which
are un dedi cated.  The cir cuits shown are eas ily
adapt able for use with sepa rate THAT Cor po ra -
tion VCAs and RMS- level de tec tors where even
higher per form ance is re quired.

As sump tions

We will ap proach the de sign of the cir cuit us -
ing an ap proxi mately real- world ex am ple us ing
the fol low ing as sump tions:

1. The power am pli fi er’s deci bel volt age gain is
32 dB, a com mon value;

2. The maxi mum av er age power that can be dis -
si pated by the 8Ω load is 600W;

3. The maxi mum peak power that can be dis si -
pated by the 8Ω load is 6kW.

With these as sump tions, we make the fol low -
ing cal cu la tions:

1. The volt age gain of the power am pli fier is

AV = ≈10 40
32
20

2. As sum ing a sine wave out put, the out put volt -
age at maxi mum av er age power dis si pa tion is
Vout W VavgP RMSmax = × =600 8 70Ω

3. The out put at maxi mum peak power dis si pa -
tion is:
Vin W Vpeak P RMSmax = × =6000 8 220Ω .

Know ing these val ues, we can cal cu late the ap -
pro pri ate lim iter and clip per out put volt ages as

Vin
V

Vavg P
RMS

RMSmax .= =
70

40
175

and Vin
V

Vpeak P
RMS

RMSmax .= =
220

40
5 5 .



Ba sic Feed back Lim iter with Di ode Clip per

The cir cuit shown in Fig ure 1 dem on strates the
ba sic feed back lim iter with ad just able clip per.  The
in put sig nal is fed to the lim iter cir cuitry at the node
la beled “In put”.  The lim it er’s out put is sent to the
power am pli fier from the point la beled “To Power
Am pli fier”.  In ad di tion, the out put from the power
am pli fier is fed back to the lim iter cir cuit by way of
the node marked “From Power Am pli fier Ou tput”.

Un der nor mal op era tion, the in put sig nal is be low 
the lim it er’s thresh old and so the VCA is at unity
gain, its low est dis tor tion re gion.

For peak out put lev els of short du ra tion which ex -
ceed the pre de ter mined clip level, the clip per cir cuit
“hard lim its” the out put to this level, per form ing very 
much like the (ad just able) di ode clip per that it is.  If

the out put level re mains above thresh old for long, the 
sig nal’s rms value will ex ceed the lim it er’s av er age
power thresh old, caus ing the lim iter to quickly re -
duce the level of sig nal be ing fed to the am pli fier.  In
this way, in au di ble (but po ten tially dam ag ing) peaks
of short du ra tion will be clipped, while longer du ra -
tion peaks will be han dled by the lim iter, and little
audi ble im pair ment should occur.

The Clip per
Fig ure 2 shows the  clip per cir cuit used in this de -

sign.  A trans- impedance am pli fier, OA3, con verts the 
out put cur rent from the VCA to a volt age which
drives the ac tual clip per cir cuitry.  When OA3’s out -
put volt age ex ceeds the thresh old set by VR1, the
tran sis tor pair Q1 and Q2 com bine to by pass R2 and 
clip the out put to a fixed level.
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Fig ure 1. Sche matic of ba sic sig nal limiter



Us ing our de sign ex am ple, the peak al low able
power is speci fied as 200VRMS, and since we are ul ti -
mately clip ping the sig nal to a square wave, this is
equiva lent to 220Vpeak.  Given the power am pli fi er’s
gain of 40, the lim iter must clip at 5.5Vpeak.

The two 1N4148 di odes pre vent base- emitter
break down in Q1 and Q2.  The ad di tion of these di -
odes means that the clip ping volt age will be two di -
ode drops (ap proxi mately 1.2V) greater than the
volt age at the bases of Q1 and Q2.  VR1 ad justs the
volt age  at the base of Q1 be tween 0 and -7.5V, and at 
the base of Q2 be tween 0 and +7.5V.  Since we want
the lim iter to clip at 5.5V, VR1 should be ad justed to
pro vide -4.3V and 4.3V at the bases of Q1 and Q2,
re spec tively.

The Limiter

To form the lim iter block, the VCA in Fig ure 1 is
con fig ured as a high- compression- ratio feed back
com pres sor.  Un der nor mal op era tion, the am pli fier
out put is be low the com pres sor’s thresh old voltage,
the VCA’s EC- con trol port is kept at zero volts, re sult -
ing in no com pres sion or lim it ing action.  Above the
thresh old level, the thresh old am pli fier con ducts and 
closes the feed back loop from the RMS level- detector
to the VCA, re sult ing in the de sired lim iter func tion.

Fig ure 3 shows a sim pli fied dia gram of a feed -
back (FB) com pres sor.  By in spec tion,

V V Gout dB in dB dB= +

and

G A VdB enc dB= − × , where

1. Vin dB is the in put level in decibels and Vout dB is the 
out put level in deci bels,

2. GdB is the VCA gain in deci bels, and

3. A is the gain be tween the de tec tor and the con trol
port of the VCA.

The mi nus sign in the side- chain gain equa tion
comes from the fact that this is a com pres sor cir cuit, 
and the gain of the VCA moves in the op po site di rec -
tion of out put sig nal am pli tude.

Com bin ing these equa tions yields

V V A Vout dB in dB out dB= − ×

which can be re ar ranged to form

V
V

A
in dB

out dB
= +1 .

This is the com pres sion ra tion of the com pres sor.  
To get the com pres sor to act as a lim iter, we need to
set the com pres sion value to a high value.  A suit able
and con ven ient value is 21, and we can cal cu late the
gain re quired to achieve this com pres sion ra tio as

A
V
V

in dB

out dB
= − = − =1 21 1 20.

A side- chain gain of 20 will, there fore, yield a
com pres sion ra tio of 21, re sult ing in the ex pected
lim iter be hav ior.
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Fig ure 2. De tail of clip per circuit

Fig ure 3. Gen eral feed back com pres sor topology



The RMS Level-De tec tor
THAT Cor po ra tion’s RMS level- detectors gen er ate 

an out put volt age that is pro por tional to the sig nal
power in deci bels.  A user- programmable “ref er ence
level” de ter mines the sig nal level for zero volts out put 
from the de tec tor.  The de tec tor out put will then
swing posi tive (for in put sig nal lev els above the ref er -
ence level) or nega tive (for sig nals be low ref er ence) at
a con stant 6mV/dB.

To cal cu late the true- rms value of an ac in put sig -
nal, THAT’s RMS level- detectors first full- wave rec tify, 
then log the sig nal.  The logged sig nal is then dou -
bled, which ef fec tively squares the sig nal since the
op era tion is car ried out in the log do main.  The sub -
se quent square root op era tion is ac tu ally per formed
im plic itly at the ex po nen tial in put of the VCA.

The “mean” op era tion is car ried out by fil ter ing
the rec ti fied and logged sig nal, and it is this log-
 domain fil ter that sets the time con stants (at tack and
re lease times) for the lim iter.  Re fer ring to Fig ure 4,
the log- domain fil ter con sists of an in ter nal di ode bi -
ased by a fixed DC cur rent (IT), along with ex ter nal
com po nents R9, which es tab lishes IT, and C2, the
tim ing ca paci tor it self.  The time con stant of the fil ter 
is cal cu lated from:

τ = ×C
V
I

T

C
2

and there fore

C
fC

V
I

T

C

2

1
2

=
× × ×π

.

A com pro mise is in volved in set ting the fil ter time 
con stants, be cause the fil ter also must s mooth the
rec ti fied and logged in put sig nal.  With out the
smooth ing op era tion, the 2nd har monic gen er ated by 
the rec ti fi ca tion pro cess re sult in high lev els of 3rd
har monic dis tor tion in the out put of the VCA.  With
this in mind, the fil ter time con stants must bal ance
the need for low dis tor tion with con tinu ous sig nals
against the need for fast op era tion in the pres ence of
tran sients.

From long ex pe ri ence, a cut off fre quency of ap -
proxi mately 5Hz has been found to be an ef fec tive
compromise.  This fre quency is well be low the audio
band and is suf fi cient to keep dis tor tion low.  The
rec om mended value for IT (the tim ing cur rent) is
7.5µA, re sult ing in a tim ing ca paci tor of ap proxi -
mately 10µF.

A bet ter so lu tion to the dis tor tion vs. speed is sue
is pre sented later in this pa per as Ex tra Credit: The
Non lin ear Ca paci tor.

The above cal cu la tions as sume a stand- alone
RMS level- detector.  When the de tec tor is placed in a
feed back com pres sor to pol ogy, the ef fec tive time con -
stant that re sults is cal cu lated by tak ing the level de -
tec tor’s stand- alone time con stant and di vid ing it by
the com pres sion ra tio.  There fore, if we plan to op er -
ate with a com pres sion ra tio of, say, 20:1, we will
need to in crease the tim ing ca paci tor by a fac tor of
20.  So, for our de sign the tim ing ca paci tor, C2, be -
comes 220uF, the near est stan dard value.

The tim ing cur rent is set by R9, and is cal cu lated
as

R
V
I

V
A

MT
SS

T
=

−
= =

15
7 5

2
. µ

Ω.

Know ing this, we can cal cu late the “zero dB ref er -
ence cur rent” for the RMS level- detector (re call that
this is the in put cur rent which re sult in zero volts
out put from the de tec tor.  This is also the value that
will pro duce unity gain through the VCA):

I I Aref T= × =113 8 5. . µ .

As pre vi ously stated, this cir cuit is spe cifi cally de -
signed to limit at 70VRMS.  How ever, for the sake of
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Fig ure 4. De tail of RMS de tec tor circuitry



flexi bil ity, we are go ing to pro vide a trim to ac com mo -
date a range of 7- 70VRMS by add ing the re sis tive pad
com posed of R16, R11, and VR2.  This re sults in an
ap proxi mately 10:1 di vider.

With this pad in place, a 70VRMS in put is re duced
to 7VRMS at the top of the po ten ti ome ter.  Now the in -
put to the RMS level- detector can be treated as a vir -
tual ground.  Know ing this, along with the de tec tor’s
ref er ence level, we can cal cu late the larg est value of
in put re sis tor re quired as,

R
V

A
kRMSin

RMS
= =

7
8 5

820
. µ

Ω.

This is the value that will be seen by the de tec tor
when the wiper of VR2 is at the bot tom of its range.

At the other ex treme, we desire the lim iter to re -
spond at a power am pli fier out put of 7VRMS.  At this
level, the 10:1 pad will re sult in 0.7VRMS at the top of
VR2.  The re sis tor value re quired to gen er ate the de -
tec tor’s ref er ence level is

R
V

A
kRMSin

RMS
= =

0 7
8 5

82
.
. µ

Ω

By choos ing a value of 91kΩ for R7, we get 81kΩ
as the par al lel com bi na tion of R15 and R7 when VR2 
is at the top of its range.

The Side- chain

The cir cuit in Fig ure 5 shows an iso lated view of
the side- chain of Fig ure 1.  When the sig nal is above
the lim iter thresh old volt age, the gain for the thresh -
old am pli fier is,

A
R
R

k
k

threshold =
−

=
−

= −
10
13

10
4 99

2
Ω
Ω.

.

The gain of the con trol port buffer is,

A
R

R
k

k
buffer =

−
=

−
= −

14
12

100
10

10
Ω

Ω

for a net gain of 20.

To make the cir cuit more ver sa tile, an op tional
“make- up gain” cir cuit com prised of R8 and VR3 has
been added to al low for con ven ient man ual gain ad -
just ment of the lim iter cir cuit over a range of ±20dB.  
To cal cu late the sen si tiv ity of the make- up gain cir -
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Fig ure 5. De tail of side- chain circuitry



cuit, we first com pute the cur rent sen si tiv ity at the in -
vert ing in put of OA1,

I
dB R k

A
dB

mV
dB

mV
dB= = =

6 5
12

13
10

13
.

.
Ω

µ
.

Since the maxi mum volt age across R8 is ±15V,
and we want the re sult ing cur rent to cause a ±20dB
swing,

R
V

kA
dB

8
15

20 13
576=

×
=

. µ Ω.

560kΩ is the closes 5% value to the cal cu lated value.

Other Is sues

The VCA in the THAT 4301, like all of the THAT
Cor po ra tion’s Black mer gain- cell VCAs, op er ates in
Class AB mode.  Due to mi nor dif fer ences be tween
the tran sis tors in the gain cell, there is of ten a slight
asym me try be tween the gain of up per and lower
halves of the out put wave forms.  The re sult of this
asym me try is a po ten tial maxi mum THD+N of 0.7%
at unity gain.

If this maxi mum THD+N is ac cept able in a given
ap pli ca tion, no ex ter nal dis tor tion trim (R6 and VR4
in Fig ure 1) is re quired.  This might be the case, for

ex am ple, where the lim iter is feed ing a sub woofer
am pli fier or other low- fidelity ap pli ca tion.

With the dis tor tion trim, THD+N can be re duced
to maxi mum 0.007% (unity gain with 0dBV in put at
1kHz).

An im por tant ap pli ca tion con sid era tion con cerns
the by pass ing and lay out of the THAT 4301.  As was
men tioned in the sec tion on the RMS level- detector,
the tim ing ca paci tor is part of a log fil ter com posed of 
the ca paci tor and a di ode in ter nal to the IC.  Dur ing
tran sients, the di ode will con duct only dur ing short
pe ri ods, and this can re sult in high peak cur rents.  In 
or der to pre vent these cur rents from in ject ing un -
wanted sig nals else where in the cir cuit, a charg ing
cur rent path di rectly from VCC is usu ally re quired.

To ac com plish this, C6 should be placed so that
its grounded side is close to the grounded side of C2, 
and these two de vices should con nect to each other
be fore con nect ing to sys tem ground.

Clos ing Thoughts
Al though speaker pro tec tion can be had with

lower- cost am pli fier clip ping cir cuits, peaks of long
du ra tion may still re sult in speaker dam age.  As well, 
the sound of low- cost clip pers may keep us ers from
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Fig ure 6. RMS de tec tor with non lin ear ca paci tor cir cuit



us ing the maxi mum head room avail able from an am -
pli fier.

The high- fidelity lim iter de scribed in this ap pli ca -
tion note keeps an am pli fier sound ing good even
when its in put is over driven.  The re sult is a cleaner,
more pow er ful im pres sion, and bet ter pro tec tion for
the speaker sys tem.

Extra Credit: The Nonlinear Capacitor

We men tioned ear lier that RMS level- detectors ex -
hibit low- frequency 2nd har monic rip ple (the re sult
of their fi nite av er ag ing time) which re sults in a 3rd
har monic com po nent from the VCA.  We nearly elimi -
nated this com po nent by way of the log fil ter ca paci -
tor, C2.  How ever, while in creas ing the value of this
ca paci tor pro vides good dis tor tion per form ance, it
also re sults in slower re sponse time than may be de -
sired in some applications.

In or der to keep dis tor tion low and pro vide rapid
re sponse to tran sient sig nals, a “non lin ear ca paci tor”
(NLC) cir cuit can be in cor po rated in the de sign.  This 
cir cuit ef fec tively changes the tim ing ca paci tor value
based on the char ac ter is tics of the in com ing sig nal.

In the NLC cir cuit, the RMS level- detector is con -
fig ured as a typi cal de te ctor, but the timing ca paci tor
is re placed with C1 (see Fig ure 6), which is con -
nected to the vir tual ground of op amp U2A.  The
gain of this stage is set by the ra tio of C1 and C8.

Dy nami cally, C1 and C5 are in par al lel.  Un der
con di tions where the op amp’s out put is not lim ited
by D5 and D6 (”slow mode”), C5 is ef fec tively mul ti -
plied by one mi nus the closed- loop gain of the U2A,
the re sult of the well- known Miller Ef fect.  When D5
and D6 limit the out put of the op amp, C5 (with no
Miller Ef fect mul ti pli ca tion fac tor) is sim ply in par al -
lel with C1 (”fast mode”).

The sim pli fied trans fer func tions for this cir cuit
are:

For Steady- State In puts: C C C
C
C

Time = + × +1 5 1
1
8

( )

For Tran sient In puts: C C CTime = +1 5.

Here are some im por tant de sign equa tions and a
few tips on fine- tuning the val ues in the NLC cir cuit:

1. The value of R17, the re sis tor which pro vides a
re turn path for the op amp’s bias cur rent, is cho sen
to pro duce a mini mal DC off set as a re sult of the bias 

cur rent.  If your di odes are leaky, you may be able to
use a much larger value of R17.

2. The value of C8 is cho sen so that fc re sult ing from 
C8 and R17 is be low the audio range,

fc
R C

=
× ×

=
1

2 17 8
16

π
. Hz.

3. Let us first look at It may be shown that, when
log- based RMS level- detectors are con nected to
exponentially- controlled VCAs, the ra tio of the
ripple- induced 3rd har monic to fun da men tal for a
given τ at a given fre quency ω is,

I
I

rd

st

3

1 2 2

1

4 1 2
=

+ ( )ω τ
.

This may be re ar ranged to give,

τ
π

2 4
2

2

1

3 1
4

=
−×( )

( )

I
I
st

rd

f
.

Pre suma bly, one in tends to de sign a low dis tor tion
cir cuit and, there fore, we may as sume that,

I
I

st

rd

1

3
1>> .

Con se quently,

τ
π

2 4
2

2

1

3

4
≈ ×( )

( )

I
I
st

rd

f

And we may then state that,

τ
π π

≈ =
×

×( )
( )

I
I st

rd

st

rd

f
I
f I

1

34 1

34 16
.

As sume that we are will ing to ac cept 1% THD+N at
50Hz.  We can then cal cu late (for slow mode op era -
tion),

τ
π πSLOW

st

rd

st

rd

I
f I f

I
I

≈
×

= ×
1

3

1

316
1

16
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or

τ
πSLOW s≈

×
× =

1
16 50

100 0 04
Hz

. .

A rela tively com plex analy sis that is be yond the
scope of this pa per will show that the av er age
rip ple volt age at a given τ and fre quency is,

V
V V

f
Ravg

T T=
×

=
×2 2 4 2ωτ π τ

.

At room tem pera ture, VT = 26mV, and from our
de sign re quire ment, the fre quency of in ter est is
50Hz.  There fore,

VRavg =
× ×
0 026

50 0 04
.

.
V

4 2 Hzπ
, or

VRavg = 731µV = 1.03mVpeak.

We can con vert this to deci bels by di vid ing the
re sult by the THAT 4301’s con trol volt age con -
stant (6.5mV per dB),

V
m

RavgdB = =
103

0 0065
016

.
.

.
V

dBV
dB

.

4. Let us as sume that we want the NLC’s fast
mode to be 20 times faster than the slow mode. 
We can use the equa tion,

C C R
I
V

Slow SLOW

T

T
= × ≈. . τ µ220 F

(where C.R. = the com pres sion ra tio)

to de ter mine the re quired ef fec tive tim ing ca paci -
tance in slow mode.  The fast mode ca paci tance
would then be,

C
C

Fast
Slow

= =
20

11µF.

The slow mode ca paci tance is cal cu lated as,

C C C
C
C

Slow = + +1 5 1
1
8

( )

whereas the fast mode ca paci tance is sim ply C1
in par al lel with C5, or

C C CFast = +1 5.

Since we al ready know our de sired fast ca paci -
tance,

C1 = 11µF - C5.

5. The re quired gain is de ter mined by cal cu lat -
ing how many deci bels will cor re spond to a sin -
gle di ode drop.  Green LEDs have a for ward
drop of ap proxi mately 2.2V, while red LEDs have 
a for ward drop closer to 1.6V.  Anti- paralleled
sili con di odes have a for ward drop of about
0.65V, and anti- paralleled Schottky and ger ma -
nium di odes have a for ward drop of ap proxi -
mately 0.4V (all de pend ing, of course, on the
cur rent through the di ode).

We choose to al low 3dB of change at the de tec tor 
out put be fore the di odes turn on and switch to
fast mode.  This pro vides am ple mar gin above
the 0.16dB cal cu lated in sec tion 3 above, thus
pre vent ing 50Hz sine wave sig nals from ac ti vat -
ing fast mode.

If we use Schottky di odes, and al low for the 3dB
swing be fore di ode turn- on,

AV =
×

≈
0 4

3 6 5
20 5

.
.

.
V

dB mV
dB

which sets the ra tio of the gain- setting ca paci -
tors,

A
C
C

V =
1
8

.

Note that if an even larger band is needed, one
may use the tran sis tor ar range ment shown in
Fig ure 2 in place of di odes in this cir cuit.

6. Com bin ing some of the equa tions in 4 and 5
above, we may state that,

C C1 5 215 220+ × =. µF

and

C C1 5 11+ = µF.

It fol lows that,

11 5 5 215 220µ µF F− + × =C C . ,

and then
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C5
220 11

20 5
10 2=

−
=

µ µ
µ

F F
F

.
. .

We can now de ter mine that

C1 11 10 2= − ≈µ µ µF F 1 F. ,

and fi nally

C
C

8
1

20 5
47= =

.
nF.

This cir cuit can be used to re place C6 in Fig ure 1. 
By do ing so, the ba sic lim iter cir cuit be comes much
more flexi ble, elimi nat ing the need to trade fast at -
tack times for dis tor tion per form ance.
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Notes
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