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15 T’).GQ WATT AUDIO AMPLIFIERS ”S‘NQ "OMPLEMFNTARY
DARL 'NGTON i)UTPUT TRANSIaTOR*:

- .,INTROD'JCTION

. Recentiy developed siticon mnnol ithis dar-mgtc'q power
v-transxs tors perinit s

5

-0

~ - amplifier: circuitry. The. amphﬁers descnbed in this note .

‘ - use ‘complementary power t,admgtc;n outpm ttansmtors,

eliminating the two driver traasistors used in: previous
: vmethods A significant cost savings should be realized since, -

“in addmon to the diiver devices, the drives heat 2 nmke ard

© . output. blasmg Tesistors -are also . eliminated. Also, thef‘
. printed circuit board for the amphﬁer could b' come very"

*compact
. Three circuits will be dlSCUSSCd a 15 to 20 watt medl-
,um perforinance ampiilier, a 15 0 &5 walt !
~-ance amplifier with ac-coupled output aid 4 1.> Lo &) wath
hxgh pertmmance amy tlt.eﬁ i oG »upted output.

1520 WATT AMPLIFIF'i , o
" The circuit of the 15- 20z i .*Lhu..r shc’f in Figiee

: 1. To ensure waxinuin slgnai swifly, the do-“center” vole-
age (tiw point betweon RE and BS) must be one-haif of

V. This is sccompiished hy
“to the vase of a.g!, thre: Jyl"' 3

e fezdback from this poiat

ificant: sxmm ;m*mn of anilio nm.'?r'

T G‘x?’ﬂ'l,- .

5 L\J afld R.l A’s‘\ﬂ .

- Parts List

RMS Power 1EW 20w |
] Load. 49 89 l4a 80
Ve 32V 40V
R2. ] 4.3% 5§56k
R3 . 82k 120k )’
86 3.3k 3.9k

ltage divider which provides dc bias to the buse
Toading of this divider by the base current of Q1
cause ihe cenier voltage to vary with chamges in

\ rosistors nm
indicatos 1;5:6

- FIG'URE 1= Foui' frsﬁs?sté:' Aumo Amplmer for> ‘iS to 20 W -')iitpu'?-‘;

Q4
‘MJE1090

’ 'Circult diagrams external to’ Motorola products are included as a means of: illustrating typicai semaconductor applications, consequently,

‘compliate '“‘c—matleﬂ sufficiont for sonstruction purposes Is nct necesearily givar Ths infnrma‘io- 1
2 fully checked and is beiieved to be entirely relisble. However, no rdsponsiblity 13 ssamasd fnr inzzow

*hls Application Nets hes been care-
s.” Furtharmore, such information

: does not convey to the purchaser of 4ive scﬂ.l-n ety dioviee ﬁ«sr-lb&d ary licanss under the patent rlghts of Motorola Inc or others




hrg of Q1. To prevent this change, the. Jirect current in

““the R2, R3 divider is made at least ten times greater Lbdﬂ
the maximum base current of Q1.

Transistor Q2 is used to forward bias the outptit darhng—
ton devices. Resistors R4, Ry and R1 form a resistive
divider which sets the collector to emitter voltage of Q2
at approximately 2.4 V for biasing of the output. Ry is

“made variable so that the IC of Q2 can be adjusted and

consequenﬂy the de “idle current” in the output tran-

sistorscan be set to minimize cross-over dgistortion. Twenty .-~

- milliamps 0f idle current- is sufficient to thmate this
distortion. -

The VCE vo!tage of QZt'acks the VBE(on) temperature .
' charactenstxcs of Q3 and Q4 adequately. Therefere, if Q2
“were mounted on the heat sink with the output transistors,
 the dc idle current would remain within practical limits over .

~ the temperature range.

- To ensure maximum swing durmg peak riegative sxgnal
excursions, RG is connected to the speaker side of the out-

~ put coupling capacitor. This muakes use of the dc charge -
‘on the output coupling capacito: to provide drive current

to the base of Q4 thru R6'(bootstrapping).

Parts values and typical performance characteristics for

the 15 to 20 watt circuit are shown in Table 1.

 THE 1560 WATT AC COUPLED CIRCUIT

» _ The 15 to 60 wa:t ac-coupxed circuit is shown in Flgurz,ﬂg
2. As in the previous circuit, the center voltage musthe
© . one half VCC for maximum output swmg Resxstors RI '

®2end R3 fovin 8 voitege divider whicl: sts the de voltage
onthe base of i st npproximately 1.5 volts above 1/2
V.  This will maintain the center voltage at 1/2'V¢C
since  there is a constant 1.5 volt drop from the base of Q1

‘to the outpui center point. This drop is caused by the

base-emitter diode voltage of Q1 and the voltage drop-
across R6 due to the emitter current of Q1. The doveitage

‘acrins R4 is set by the VBg(on) voltage of Q2. The

collecior curreni of Q1 and the current thru Ré is the

.

: Albresisteos ave £10% toierance o
. exceptwhire * indicates £§%. +VCC
‘Note 2: Values show,s ase common. 1o alt
amplifiers. Valoes not marked,
"inctuding voltages for e!:.rtrolvtlcs
are given in Table H perform,ryc-‘
in Tab!e [REN

A v —r— o DINPAS



TABLE ii — Parts List of 15 to 60 Watt Circuit of Figure 2

; Power - : N
“Watts (RMS) - | - e ' LA

.
[=]

- 60

Load
Impedance

. . R5
.. (ohms)

R
{ohms)

a1

‘a2

a3

K ;Vcltage_rati‘n;_:
.on C1

./} Voltage rating
}-on:C2,.C3

Voltage rating
on C4

Min. haat sink for
outputs @ 5594
ambient temper-
ature and 10%

:] high line voltage

TABLE Il — Typical Performance of Circuit in Figure 2

Vdic Cureant (Adjusted with Byd

Input Impedanse :
Nominal-Input Sensitivity for Rated Power Output

Total Harmonic Distortion at 1.0 kHz and any
Power.up to Full. Rated Output (Seq Figure &

Aintermadi:iation Dintnrsian &0 Hzwmith 2 !."-"and 3
Mued 4: 1 at 1/2 Maximum Rated Qutput Pouér

0.2%
!Frve]u,encv Response (=1 dB Points) 20 Hz and
; 50 kHz

Tower dlstortmn at low freouenmes The collector -emitter

" voltage of Q3 isa function of its coilector current. There-
fore; Lo climinaie cross-over distorticn when a poorly regu- -

Jlated supply i wsed for Vg, it i3 necessary to make the

“current source, 24, indepca adeii: of supply voltage varia-
«tions.™ Diode D1 is used for this purpose since its forward
~voltage and, cansequanily, the voltage across RS are rela-

tivaly constant with respect to current changes in D1. Hum

i zad ‘noise from the power supply ass ﬁltered out by RI

: fall
ang C1.

Table 11 lists lhe parts used for the 150 60 wattj\r:ircuits.

30 k “Vavie Iii and rigure 3 no*-.v tygical performance of the
Fz : E
,amphﬁer AR :
: ! I
[ |
0 . . o Full Nated Ouiput Powei | I L
. - s
; . I s \N\J 100 vaW Output Power
i i i : T e L :'__IWv N 1 g
. ' ' i I
| ;
A L
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. Ll | i _ UL
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Frequency (Hz)
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10 uF/8 vV

10k #2¢ Enameled Wire
Close Wound cn

10 £2/2 W Resistor

MZ32-10 . . .

, = (ov). | L . —
Alt Resistors are £10% :

. Tolerance Except Where
* Indicates +£5%.

r with DC Coupled Output

to prevent dc from appearing at the speaker. The zero
center voltage is obtained by using a split power supply.
and a differential amplifier on the input of the circuit. The
signal input base of the dif-amp. (Q1) is referenced 10 0)

Power
Watts (RMS)

Load: -
impedance

15 2

(4 ]]

35 - 50 80

Vee o

c+18v 223V {#19v | r2av [xs2v [ x28v |

|33k 22x | 33k | 30k | 39k | 36k

10k | eso .| 820 | se0 |’

Josk o] gk 22k [ ark
“MD o IMDe ] oMD T MDY
8001 | 8001 ] 8001 i 8001
MPS -1 U MPS- 1 MPS 1 MPS I
AB5 i ABS ] UAS5 .1 AB6.
JMPSTL L MPS L MPS L MPS
SA1B T AIE TR AT S A3 )
1MPS - ] MPS ] SMPS o) MPS:
a0 -l iAos o Aa0s: ke,
LoMIE - | MIE S oMy b Mg
~1102. 1 1100} 3000 ‘| 1009 -
SHUMIE L MIE L Mg
eoez ]

Q6 -

‘a7

Min. heat sink for
outpuis @ §5°C
arnbient temper-
ature and 10% -
high line voltage




ch"ssr-n ford mA 2m

© - loading.

TAB LE V Tyrm' al Perfr ‘mance cf Clrcult in Flgurn 4

Idle Current lAdjusterJ wrth F\V) ) 20w
“Jinput imnedance ) ’ . 10 kl
Naminat Input Sensitivity for R;ted Power Qutput -1 1.0.Vrms
“[Tetzl Harmohic. Distortion at any Frequency ) .
. Beuwween 20 Hz and 20 kHz and-at.any fower | : :
from 720, mW to Fult Rated Output (Ses Figuie 5) R L

Intermodulatmn Distoriion 80 Hz with 2ki4z and 7 kHy i
‘Mixed4:1 at 1/2 Makimum Rated ()utout Powie -0 1%
Frevuency Fvspuna— T 48 Poine 40 Fiz and
. . 50 kHz
Square Wave Respon'-a ’ : - T
Maximum Safa Operating Fraquency at Full -
fated Power - 20:Natt Amnlifier: : 80 kHz
60 Watt Armiplifier: o 30 kH~
| J10v, r~ R St
-0y - B MoV~

“yolts dc thru R1:  One- hundred Der. cent e fred’wm i3
accomplrshed thru Ré to the base of Q2. Since the am-
* plifier is de coupled througheut, any offset v_o}tage that
‘appears at the outpit will be corrected by the dif
action. of Ql.and G2. & i eosential thet Q1 and
matched very. closely since any difference in base current
and VBE(cn) will bz reflected as an error »oltagc on the
,outth Transistors Q1 a'"' (32 ars biased at 1 mA of
‘ccllector cuTrent each. A 10 V zetier c¢iode in conjuniciion
‘with R3 is used to set thds current. {he zener diode also
provides fiitering ¢ prevent hum and noise on the "VCC
line from getting into ihe input stage, The value of R4 is
mA of current for the zener dlc-dev and -

©the diff s’ 82 rs':A*

L Ve e
R4 = T ¢

by

$io

b

ideniical w0
approach oi Fizure 2.
ut is to prevent high
might occur -witii Capacisive

the previously descnbed ac
... The choke;_used on. the:
frequency oscillations

" Table IV lists,
' v-zfjers. ‘Table Vi

ris used for the de-coupled ampii-
Bure 5 siicw thic typical psiformance

-47is controlled by Q3 in: F1gure 2 and Q4 in ‘wiure 4.
Q3 or Q4:should have an hFg greater than 192 so that the
current: through Rl'and R2 can be made less dre tenth of :
the collector current. If this’ condition is satisfied the base-
. emitter drop.: of Q3 or'Q4 can be considéred ‘a roference

S voltage and the values of R1 and R2 can be CmC"h“"d from *

=14 (Qee F|o..rp t‘n
VR . R2

| suggested for Q3 or Q4 The typical basr--emltter 'Jltage

For anmple MDS INK Larlmgton

is:1.15 volts which is set equal to VR V1 is the total turn-
on voitage for the output traask istors and is typicaily 2.4 V.

~The total resistance; R1 + R)_ should- be chosen 50 that
~'the current through- them -is i ss than one-tenth of the

collector cusrent, which is approximately 20 mA. M R2
is selected as 2.2k this condition will definitely be satisfied.

- 'RZ shouid not be selected much higher than this or the

= aninimum hDE reguirement for the bias transistor wi

- higher. By vsing the known conditions, VR =1.15, V.

- and R2=2.2k,Ri is calculated to ba 2.2 k oh

" previously ruentionsd equaiion. To allow
~ VBE and hFE in the bias and output

* usually divided and potentiometer i

enticmetar of 1 k ohm 4
ohms is used to provide this adj

arnnls &

lector of 722 or Q3

_Td collectbr of' Q4 or a5

FIGMEE 6 < Shie Cireniiz dur Duiput Stage -

OVERLOAD PROTECT]ON

" A circuit "or overload protectlon applymg to all the
durlington’ amplifiers discusted in this note, is-shown in

- Figure 7. This zircuit holds the davimgton output devices .
;¢ within therr do safe-operating area ix the event the output
S s acc1dentally shorted. :

Resistorz Rl and R2 form a \'o‘tage divider whrchv
senses *he peak current fiowing: through the output tran-

“sigtor and RE. This divider is sct io turn Q1 and Q2 “ON”
... -when the cutput current goss
" operatiny level: When QI and Q2 conduct, they limit the

A."""l" the mzximum normal -

amount. of: drrve to. the Lase of the output. and, conse-
‘guently, limit the amount. of catput current. Transistor

- QU and its associated circuitry function for the positive

half of tae waveform: Q2 and its’ associated circuitry, for’

~the ne,,.wvx hlf of the waveform. Diode DI prevents the

collaztor-hase junction of 1 and Q2 from keing forward
biased derg normal signal conditions and creating dis-
tortion in the cutput waveform.

Durmg shorted output, the averag, e power dissipatio'n
in the output devices increases about four times over the
norrarl oparating drs:.n-a'!w\ e length of tlme a shorted




0.20 v T -
0.15
: SRS : , A
a Full Rated Qutput Powar ’ e // ¢
ST 0%0 oo g v N — . ,
= ' ‘ [N |
£ T 100 mW Output Power
0.05 ‘ Lo
|
: , |
20 50 105 ' 1k '

Frequancy (Hz)

FIGURE 5 - Typlcal T.H. D versus Frequency for Amphflsr of Figure 4

. T
condition can be tolerated is strictly a function of the size T cower Valus
and capability of the output heat sinks.  When the mini-- . | warts {RMsS: : (qhms} of R1 (ohimis)
mum heat sinks specified in Tables I, II and IV are used, o — 2 ' 330
and the circuit is operated in a 25°C ambient, .the output. 15 8 150
* devices can drive a shorted load for a few minutes without 4 470
any damage. “Load line” protection circuits can also be g 180
used with the darlington amphﬁers forlong term overload : i:g
pratection., e 780
Table VI gives the values of R1 in Figure 7 whic’h in 35 B 390
the event of an overload, provide adequate safe operating ca 4 910 B
. 'area-protection on the output devices for all of the amph- 8 Seo
fiers described in this note. 60 ; : 16':0"

CONCLUSION

" This note has descnbed 15-watt to 60 watt aud
amplifiers using a:hccrn monoelithic dalington
put transistors. ' '

The circuits illustrate the simplification resulting from
; ‘the use. of these ‘darlington devices. 'The achievable per-
out- formance of these amplifiers is equal to that previously
’ ~ obtained using the best silicon discrete devices.
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FIGURE 7 - Ouerloas Protection Circuit for Amplifiers of Figures 1, 2 and 3
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