
What do you get when you mate a power
amplifier Ie with a precision op-amp?
Answer: a "turbocharged" audio
amplifier.

COMPOSITE
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POWER
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NOW YO U C AN B UII.D YO UR O WN

h igh-performance aud io ampli­
fiers from Inexpen sive compo­
nents a nd beat the h ig h price of
facto ry-made a mpli fie r mod ­
u les . The composite amplifiers
described here can im prove
stereo systems and ot he r audio
equipment wit h mode rate
power ou tpu t. As you read th is
a rt icle you will probably be able
think of many applications for
thes e ci rcuits.

The five sou ped-up audio am­
plifiers are made by Inserting
monolith ic power amplifiers In
the fee dbac k loops o f opera ­
ti on a l a mp li fiers . Th e " tur­
bocharged" compos ites rctal n
the low distortion and offse t of
the op-amps a nd the h igh -cu r­
rent handling capability of the
power amplifiers.

The amplifiers descr ibed here
a re: two s imple to -wa tt co m-

posttes . a 33-watt bridge com­
pos it e. a 40-watt co mpos ite
with a s ingle-ended su mming
connectfcn . and a 70-watt com­
pos ite with two current-sum­
mlngampllflers in a bridge con­
figuration . The output power
values of all circu its are In root ­
mean-square (nns) watts .

Figure 1 Is the pinou t and
functional d iagram for the Ana­
log Devices AD711JN. the preci­
sion . high-speed op-amp tha t is
a part of aU the composite am­
plifiers described here. The op­
amps Include both b ipola r a nd
fie ld -effect t ransistors fab­
r icated In a process known as
U1FET tcchnology. The pinou t
diagram Is for plas tic and ce­
ramic DIPs .

Figu re 2 is the p inout di ­
agra m for the National S emi­
conductor LM1875. the 20-wal t
power audio a mplifier (power

amp) In all of the composite am­
plifiers In th is ar t icle. It Is pack­
aged In a fla t -p a c k p lastic
TO-220 case.

S ingle- u nit or low-volu me
prices on the op- a m ps a nd
power amplifiers are subject to
wide variations among the va ri­
ous vendors . However. calcula­
tio ns bas ed on co m po ne n ts
fr om n a ti ona lly a dve rtised
so u rces show the cost of th e
composites to be qu ite low. The
componen t costs for each com­
posite amplifier (excep t fo r
po we r s u p ply) were summed
and d ivided by th e ampllfler 's
ra ted output power. a nd the re­
su lts averaged ou t to be less
th an 5 1 pe r watt .

A IO-watt composite
Figure 3 shows the basic com­

pos ite a mpli fier c ircu it with
IC2. a n LM1875. in the feed-
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nant error s ource ; a t higher
freq uencies. d istortion will in­
crea se because of the fin it e
open -loop gain of the a mpli ­
fiers. Even with th is freq uency­
related increase. THO rema ins
extremely lowover the en ti re nu­
di e range.

When fu nctioning tndepen­
de ntly. the THO of the LM IB75
power amplifier vs. power out­
put peaks at about 0 .5 watt. It
prod u ces a bou t 0 .05% T HO
Into an a-oh m load and 0 .1%
THO Into a a-ohm load at th is
power level. That va riation in
THO vs. power level Is charac­
teri stic of th ermal feedback on
the IC ch ip. It Is also one of the
benefits of thermally isolating
an external a mp lifier wit hi n a
feedback loop.

FET-Input op-a mps with low
fir st -s ta ge t ra nscond uctance
(suc h as theAD711JNl ioiera tea
larger voltage swing on thei r in­
puts than b ipola r op-a mps
without producing the cha rac­
teri stic bipolar op-amp overload
di stortion. Wh en open -loo p
gain decrea ses. p roduci ng a
la rger er ror on the su mm ing
juncuon . a FET-Inpu t op-a mp
be ha ves more linea rly than a bi ­
polar op-amp. making It the op­
timum choice as the control am­
plifier In composite circuits .

Step response Is an impor­
ta n t cons ideration In many au­
die- amplifier applica tions. The
compos ite a mplifiers described
here take ad va n tage of the per­
fo rm an c e feat ure s o f t h e
A07 11JN. For example. the
AD711JN has twice the slew rate
of the LM1875: If the AD71lJN

A G. 4--A la-WATT INVERTING COMPOSITE AMPLIFIER.

circu it causes approximately 10
dB less distortion tha n the non­
Inve rt ing configuration of Fig. 3
because the non-Inverting pin
o f ICI, t he A0 7 11JN. Is
grou nded. The A0711JN pro-

duces more distortion whe n It Is
con nected as a follower (FIg. 3)
because of Its large co mmon­
mode Signal.

Both IC:S are operating within
the same loop in Fig. 4. so a
phase-lead network. consisting
of capaci tor Cl and res istors RI
and R2. provides th e necessary
compensation to s ta b lllze the
response of both the AD71lJN
and the LM1875 . This network
can be tailored for specific ap­
plrcattons by providi ng a tra de­
off between bandwidth a nd
phase margin as list ed in Table
1.

The THO va lu es g iven for
these circuits Include both dis­
to r tion a nd noise. At low fre­
quencies . noise Is the predomt-

R'
4.02K

7
2

•

re,
INPUT AD711

()-- rl' •

v. 5

OUTPUT •
0 LM!'" - VII

a

- IPI
2,

.IN

FIG. 2- PINQUT DIAGRAM fo r th e
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back loop of IC I. an AD711JN.
The circuit is a non-Inverting.
hi gh input-impedance. untty­
gai n follower. It delivers 10watts
rrns tnto a n 8 -ohm load at 1
kHz. wit h a total ha rmonic d is­
tortio n of less than 0 .003 %.
Tot a l h armon ic d ist or ti o n
(THO). a figu re of me rit for a n
amplifier. Is the total root-mean­
square (rms) hannonlc voltage
In a s ignal. as a percentage of
the voltage at th e fundamental
freque ncy. THO s hou ld be a s
low as poss ible. The maxtmtm
offset voltage of th is a mp lifier Is
I mill ivolt.

The basi c compos ite circu it
can also be configu red as a low
Input-Impedance Inverti ng am­
plifier as shown In Fig. 4 . Th at



TABLE l -PERFORMANCE Y5. COMPONENT VALUES

Connection Resistor Resistor Capacitor - 3dB Phase
1 1 1 Bandwidth Margi n

(Kilohms) (Ohms) (Picofarads) (Degrees)

Non·inverting 4 200 30 1.nMHz 35
Non-inverting 4 100 68 1.58MHz 70
Non-inverting 4 65 100 1.34MHz 85 '
Inverting 4 400 30 1.8MHz 25
Inverting 4 200 68 1.6MHz 25
Inverting 4 80 100 890kHz 90'

' Besttranstent response and highest stability at expense 01 bandwidth

kHz. Amplifier C is a DC servo
a mplifier.

Amplifier D Inver ts the Inpu t
s ignal 1800 so that the outpu t of
a mpltfte r I3 is lion -in ver ting
with respect to t ile circu its In ­
put. Th e low input- impedance
of a hi gh-gain Inver ting co m­
posite amplifier makes It d im­
cu lt to drive. 10 overcome th is .
two non-inverting com pos ite
amplifiers have been con figu red
as a bridge amp lifier, a nd one of
them Is driven wit h a s ingle op­
amp Inver ter;

PARTS LIST
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were slower. th e LM 1875 could
overs hoo t significantly before it
ts corrected by the AD711JN. On
the other hand. If th e AD711JN
were much fas te r than the
LM1875 . the driver would slew
to the su pply rail before the
buffer cou ld respond.

Higher power composites
The composite circu it con­

cep t can be expanded by con­
necting two or mote of the m
toget he r: High-power amplifiers
normally include discret e tran­
s istors with h igh breakdown
voltages {typica lly over 100
volts} a nd high cu rre nt-ha n­
dling ab ility.S maIlICpower am­
plifie rs have brea kdown volt­
ages tn the 30- to 50-volt ra nge.
Maximum power delivered to
the load is dtrecuy related to the
supply voltage .

A bridge co nfiguration a p­
plies power to the load differen­
tially. Th erefore, It can provide
twice as much driving voltage to
th e load as a parallel or curre nt­
summing configuration . This
pe rmits higher power output
from a given supply voltage (as ­
suming that the tnc reased cur­
rent de ma nd ca n be met). Also.
the s lew rate delivered to the
load is greater th an the s lew rate
of eithe r of the two IC driving
ampli fiers .

3 3-watt composite bridge
The circuit shown In Fig. 5

combines two non-Inverting
composite amp lifiers . A and B.
In a bridge or d ifferential output
connec tion. It operates wit h an
overa llgai n of30 and It provides
33 walts nns to an a -ohm load
with less than 0 .002%THO at I

A gs. 3 and 4-1G-watt
composite amplifiers

All capa citors are 5%, 50 vo lts,
sil vered-mi ca except as stated
below.
C3. C4-0.0l Jl-F. 50 volts, ceramic
CS, C7-l0 IJ.F,35 volts, aluminum
electrolytic
CB. CS-O.l IlF,50 volts. ceramic
C2. C9-l J1F. 35 volts aluminum
electrolytic

Ag. 5-3J.watt composi te
All resi stors are Y. -watt , 5%, met­
al-f ilm except as stated below.
Al, Rl 5-1,SOO ohms, 5-watt, 20%,
wirewound
All capac ito rs are 50 volts, 5%,
slivered-mica except as st ated
be low
C2, C3. C1 0, en ,C14 to C17-Q.01
jJ.F.50 vo"s, ceramic
C5, cr. C20. C22-100 f.lF, 35
volts, aluminum electrolytic
CB, C8, C2l , C23-0.1 IlF, 50volls,
ceramic
C25-C32-1 IJ.F. 35 volls . alumi·
num electrolytic
C9, Cl3--0.47 IJ.F. 20 %, 50 volts,
polypropylene
C12, C2~.27 IJ.F, 20 'Yo, 5O-voh
mylar

Fig . 7-4G-watt composite
All resi stors are ¥.-watt, 5 %, met­
al-film except as staled below
RG, A8-1000 ohms, Y.-walt, 1 %,
metal film
Al, R1~2000 ohms, w-watt. 1%,
metal film
Al l , R17- l ohm , s-watt. 20%,
wirewound
R12. Rl&-O.33 ohm, s-wan. 5%,
wirewound
AU capac itors are 50 vo lts, 5%,
sil vered-mica except as stated
below

C2, C3,cr.ce.CI S, Cl6--0.01IJ.F,
50 volts, ceramic
Cl 0, C12. Ct8, C2~100 JiF, 35
volts , aluminum electrolytic
en. C13. C19, C2l -0.l IJ,F, 50
wits. ceramic
C23-C28-l IJ.F, 35 volts. aiu mt­
num electrolytic
C4, C5--0.47 IJ.F. 50 volts, 20%.
polypropylene

A g. 8-70 watt-composite
All resistors are 1/.l-wan, 5%. metal­
film except as slated below
R4, RS,R23, R27-1000 ohms, Y.­
walt, 1%, metal film
R5, R9, R24, R28-2000 ohms, Y.­
watt, 1%, metal fil m
R12, R1B, R31, R35-1-ohm, 5­
watt, 20%, wlrewound
R13, R17, R32, R3&-O.33 ohm, 4­
watt, 5% wirewound
All capac itors are 50 voits, 5%,
slivered-mica except as stated
belo w
C3, C4, C7, ca. C14. Ct5, C22,
C23, C26 , C27, cso. C3l , C37,
C38,-o.Ol IJ.F. 50 volts. ceramic
C10. C12, C18, C20. C33, C3 5,
C40. C42-l00 IJ.F. 35 volts. alumi­
num electrolytic
Cl 1, C13, C18. C20, C34, C36.C4l ,
C43-0.l j.lF. 50 volts ceramic
C46-C57-1 l-lF, 35 valls, aluml­
num electrolytic
C2.C5. C25, and C28--0.47l-lF. 50
volts, 20%. fXllypropylene
All semiconductors are Analog
Devices AD711JN and Nationa l
Semi conductor LM1875
Note: AD711JN's are available In
single quantities fro m Ac tive
Electronics, Woburn, MA 01 801,
and LM1875's are available from
seve ral Electronics Now adver­
tis ers .
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FIG. 5-A 33-WATT BRIDGE COMPOSITE AMPL.IFIER.

Figure 6 shows the au thors'
prototype for th e 33-watt bridge
am plifie r. The four AD71lJN 's
are shown mounted in the mid­
die of the circ u it board (white
patches ). and the two LM1875 's
a re s ho wn mounted o n the
heatsink (black su r face).

The DC servo amplifier
The compou n d co m posite

amplifiersof Ftgu res 5 , 7. and B.
all Include DC servo amplifiers
tha t share a common fu nc tio n
although so me of their In ternal
componen ts vary The DC servo
In Fig. 5 (Amplifier C) will sense
any net dIfference in DC voltage
appearing across the load- and
t h erefo re any D C c u rre n t
throug h the load. The a mplifier
will servo any ne t d ifferen ce in

DC ou tpu t voltage through am­
p li fi er B , t h u s m inim iz in g
wa sted power, The output of
each composite passes th rough
a low-pass filter that remo ves AC
signals from the servo loop.

If the ou tp ut of amplifi e r A
were m ore pos iti ve than the ou t­
pu t ofa mplifier B, the output of
servo amplifier C would become
Jess pos itive, Its ou tpu t would
then d r ive a m plifier B. wh ich
Inverts the polarity agai n . This
Inve rs ion ma kes a m plifi er B's
o u t p ut In c r ea si ng ly m ore
pos itive until the two DC output
volta ges are equal.

Th e s ingle servo amplifier In
the Fig, 5 circuit forces the DC
offsets of the ot her a m plifie rs
Into equality, but does not rc­
move the m. Any DC voltage ap-

plied to the circu it s Inpu t will
s t ili appear at both LMI875 ou t­
pu ts . a mpli fied by the circu it
ga in . The refore. the maximum
volt age swing or " head room "
available will be reduced . an d If
appreciable. maximum ou tput
power will be reduced , If DC
voltage Is present on the Input
so u rce , capac tuve Input cou p­
ling Is necessa ry.

A 40-watt composile amplifier
Thecirc u lt In Fig. 7 combines

the ou tpu ts of two non-Invert­
Ing composite amplifiers . Ou t­
pu t cu rren t Is su m med with
res istors, and the outp ut Is ref­
erenced to grou nd . Th e ou tput
from th e first compos ite. ampli­
fier B, Is coupled to the non-In­
verttna in pu t of a mplifier A. No 41



grou nd. It con nects to th e Inver­
t1n~ inpu t of am plUier B. and
nulls a ny DC offset at that co m ­
pos ttes ou tput.

The ci rcu it of Fig. 7 delivers
s ligh tly more pow er than the
bridge circu it of Fig. 5 , but th e
b ridge circu it has a faster slew
rate. T he ci rcuit of Fig . 7 also
h as It s out put refe renced to
ground. It delivers 40 wa tts rms
with less th an 0 .0029% THO at
1kHz In to an B-oh m load .

A 70-watt composite amplifier
Th e circuit of Fig. B delive rs

70 watts rms Int o an B-ohm load
at I kHz with onlv 0 .003% THO.
It comb ines two "of the current­
s u m m ing a mplifiers of Fig. 7 In
a bridge. Th e cu rren t-s u mm ing
a mp lifie rs give the neces sary
h igh output-current h a n dlin g
ca pabtl ny A differential ou tpu t
Is ob ta ined by con n ecti ng the
two pairs of cu r ren t-s u mm ing
amplifiers In the b ridge con fig­
u ration th a t a llows th e com­
posite to drtve z 34 volts In to a
8-oh m load.

1Wo DC servos keep th e DC
outpu t voltage a t bot h ou tpu t
pin s at zero . As with the othe r
circu its described here. any off­
set would cause the amplifier to
lose "h eadroo m" or clip unsym­
metri cally.

Figure 9 shows the au th ors'
p rototype 7Q-watt com posite
a mplifie r. Fo u r A07 11's a re
shown as white blocks on the
circu it b oa rd (lower left ), a n d
th ree more are shown on the cir­
cu it board at lower r ight. The
four LM18 75's are s hown In a
h orizon tal row on the h ea t s in k
(gray area l above the c irc u it
boards.

Figure 10 Is a graph showing
THO Itnclud tng n otsejvs . power
ou tpu t plotted from the au thors'
breadboard vers ions of the cir­
cu its described In this a rticle .
For com par ison purposes the
plot ofTHD vs. power output for
the LMI875 as a s tan d-a lon e de­
vice h as been ta ken from the
National S emic onductor dat a.

Building the amplifiers
These circ u its ca n be b u ilt

with du al or quad versions of
the AD711 If you wan t to save
board space. The A0711JN met
all of the op-amp requirements.
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Is a DC servo that diffe rs from
Its co u n terpar t In Fig. 5 b e­
cause its In put Is referenced to
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FIG. 7-A 4D-WATT COMPOSITE AMPLIFIER that Includes a slnglo-ended summing
co nnectIon.

phase Inversion Is need ed be­
cause th e two ou tp u ts a re s im­
ply added toge th er. Amplifier C

FIG.6-THE AUTHORS' PROTOTYPEFOR THE 33-WATT compo site ampli fier. The two
l M187S's are on the black heat sink at top, and the four AD711's are the white patches In
a sq uare patte rn on the ci rcuit boa rd.
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AG. 9-THE AUTHORS' PROTOTYPE FOA A 7G-WATT composite amplifier. The lour
LM187S's are In a row on the heal sink at the lop. and the seven AD711s are the white
patches on the two circu it boards .

cou ld Interact. caus ing circu it
Ins tabili ty. T herefore . proper
g rou n di ng a nd co m po nen t
layou t are important. Bu ild all
circu its on a ground plane. In­
adequa te circui t groundi ng a nd
layou t can increase THD by an
orde r of magnitude.

Keep all componen t leads as
short as possible. a nd connect
signa l grou nds to t he grou nd
plane. The plane and the power
grounds are lied to the common
con nection of the power su p­
ply's filter capacitors.

Power s u p p ly bypa ssing Is
Importan t in th ese circu its. lo­
cate the by-pass ca pacitors as
dose a s poss ibl e to the IC's
when build in g the c ir cuits .
Separate all h l~h -curren t ca r ry­
Ing wires or other conductors
from low-cur ren t or h ig h-im­
pedance co nducto rs . Keep In ­
put a nd output leads as fa r
apart as board space will allow.

The power supplies
The circuits must operate at

the specified voltages to reach
t he power levels s ta ted here.
Those a re typically -e 25-volt s
DC for the LM I875 power am­
pli fiers a nd ~ 15-volt s DC for
the AD7 1IJ N"s . The h ig h es t
power out put is rea ched whe n
the LM1875's are powered from
~ 3 0-volt -DC (their maxtmun
safe rating). and the AD71IJN 's
are powered by ~ 15 volt-DC.

Mount all LM1875 's on hea t­
s in ks. bu t use an overs ize heal ­
s i n k when o pe ra ti ng a n y
LMI875 a t ~ 30 volts . Its max­
Imum limit . Th e LMI875 d iss i­
pates 2 wa tt s wit h a n idle
cu r ren t of 70 milliamperes at ~
15 volt s . However. d issipation
rises to 6 watts with an Idle cu r­
rent of 100 m illiam peres a t
:!: 3O-volts.

Th e LM18 75's limit the power
s u p ply volt age exc u rs io n of
minus abou t 2.5 volts on top
and bo ttom. For a :!: 18-volt su p­
ply the limit Is abou t 15 watts
I ms Into a n 8-ohm load. and for
a :!: I5-volt su pply It Is abo u t 10
watts rm s. Estimate you r volt­
age requirements to ob ta in th e
power need ed for a ny specific
applica tion . Remember that low
su p ply volt ages me an cooler
running circu its and h igh er cir­
cuit reliabil ity. R·E
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t tm u m c irc u it pe rfo rmance.
The com posites h ave a m pli­

fie rs with in their feedback
loops , so th e d tffert ng frequcncy
res pons e poles of each amplifier
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but a d dit io na l com po n e n ts
might be needed for ci rcu it s ta ­
bility If ot her op-a mps are s ub­
s titu ted .The Parts Ltst spectfles
the componen ts selected for op-

1.0 10

POWER OUTPUT·tWATTS AM$1

FIG. l o-TOTAl HARMONIC DISTORTION va. POWER OUTPUT l or tne composite
amplifiers dlscr lbed in th e text and 8 stand-alone LM1875.
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