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HIGH POWER AUDIO AMPLIFIERS WITH SHORT CIRCUIT PROTECTION 

INTRODUCTION 

The development of Motorola's 200-W PNP silicon power 
transistors now allows the economical design of fu l l com
plementary direct-coupled audio amplifiers capable o f 
delivering 100 watts of rms power into an 8-ohm load at 
less than 0.2% distort ion. 

The circuit approach suggested in this paper allows the 
designer to make opt imum use of economy transistors in 
amplifiers that wi l l operate safely under any usable load 
condit ion, including a short. 

Tables are included which provide the designer with 
the necessary information to design 35-, 50-, 60-, 75-, and 
100-watt amplifiers at either 4 or 8 ohm load impedance. 
Detailed design information is included in the appendix 
for those who wish to design amplifiers for power outputs 
other than those shown. 

CIRCUIT DESCRIPTION 

The schematic diagram shown in Figure 1 is the recom
mended approach for the full-complementary amplifier 
with short-circuit protection. 

TransistorsQ1,Q2,Q4,Q6, Q7, Q8,Q9, and Q10,along 
wi th their associated components, comprise the standard 
full-complementary circuit. Transistors Q l and Q2 are 
used in a differential amplifier configuration which, when 
used wi th a split power supply, provide a convenient means 
for setting the dc voltage level at the output at zero, en
abling the amplifier to be direct coupled to the speaker. 
Resistor Rf provides 100% dc feedback from the output 
to the input , for excellent dc stability. The resistance 
ratio o f R f to R l determines the closed-loop ac-voltage 
gain o f the amplifier. Transistor Q4 functions as a high-
gain, common-emitter driver. Since the output configura-

Motoro la reserves the r ight to make changes wi thout further not ice to any products herein to improve rel iabil i ty, func t ion or design. Motorola does 
n o t a s s u r " e a r | y l iabi l i ty ar ising out of the appl icat ion or use of any product or c i rcui t descr ibed Herein; neither does it convey any l icense under its 
patent rights nor the r ights of others. Motorola and M are registered trademarks of Motorola. Inc. Motorola. Inc. is an Equal Employment Opportuni ty / 
Aff irmative Act ion Employer. 
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NOTE 1: Al l of the resistors wi th the values shown are ±10% tolerance, 
except where * indicates ± 5 * . 

2: L I Is #20 wire close-wound for the ful l length of resistor, R16. 

FIGURE 1 - Schematic Diagram of 35- to 100-W Amplif iers. Part* Values are Shown in Tables 1, 2 and 3. 



tion serves only as an emitter follower, this transistor must 
be capable of handling the full-load voltage swing. Tran
sistor Q6 serves as a constant-current source for the dc bias 
current, which flows through. Q4 and the dual bias diode, 
D2. This transistor, Q6, also eliminates the need for the 
large bootstrap electrolytic capacitor commonly used to 
provide ac current drive to the lower half of the output 
circuit during negative peak signal excursions. Transistors 
Q7 and Q8 form a compound pair which function as an 
emitter follower with high current gain and unity voltage 
gain for the positive portion of the output signal. Q9 and 
Q10 similarly function for the negative portion of the out
put signal. The zener diode, D l , is used to set the dc 
current through the differential amplifier and provide ac 
hum rejection from the negative power supply. 

SHORT CIRCUIT PROTECTION 

Semiconductors Q3, Q5, Q l l , Q12, D3, and D4, along 
with their associated resistors, comprise the short-circuit 

protection network. 
The resistors R8, RIO, R l l , and R12, form a voltage-

summing network. The voltage appearing at the base of 
transistor Ql 1 is thus determined by the collector current 
of Q8 flowing through resistor R6 and the voltage appear
ing from +Vfj£ to the output. This summing network, 
since it detects both the voltage and current of Q8, effect
ively senses the peak power dissipation occurring in this 
transistor. At a predetermined power level in transistor 
Q8, the summing network can be chosen so that transistor 
Ql I conducts sufficiently to turn on transistor Q3. Tran
sistor Q3 then steals the drive current from the base of 
transistor Q4, and hence limits the power dissipated in 
Q8. Diode D3 is used to prevent transistor Q l l from 
turning on, under normal load conditions, when the output 
signal swings negative. Resistors R9, R13,RI4 , R15,along 
with transistors Q12, Q5, and diode D4, similarly limit the 
power dissipation occurring in the output transistor Ql 0. 

TABLE 1 — Semiconductor Complement 

D i f f e r e n t i a l 
O u t p u t Dr iver Pre-Driver A m p l i f i e r 

O u t p u t L o a d T r a n s i s t o r * T rans is tors T rans is tors Trans is tors 

Power 1 mpedance NPN PIMP NPN PNP N P N PNP 
(Q1 & Q 2 i 

( W a t t i - r m s ) (Ohms) IQ10) (Q8) (Q7 I IQ9) (Q6) (Q4) (Q1 & Q 2 i 

35 
4 2 N 5 8 7 7 2 N 5 8 7 5 MPSU05 M P S U 5 5 M P S A 0 5 M P S A 5 5 M D 8 O 0 1 

35 
S M J E 2 8 0 1 T MJE2901T M P S U 0 5 M P S U 5 5 M P S A 0 6 MPSAS6 M D 8 O 0 1 

50 
4 2 N 5 3 0 2 2 N 4 3 9 9 MPSU05 M P S U 5 5 M P S A 0 6 M P S A S 6 M D 8 O 0 1 

50 
8 2 N 5 8 7 8 2 N 5 8 7 6 M P S U 0 6 M P S U 5 6 M P S A 0 6 M P S A 5 6 MDSO02 

60 
4 2 N 5 3 0 2 2 N 4 3 9 9 M P S U 0 6 M P S U 5 6 M P S A 0 6 MPS A 56 M D 8 O 0 1 

60 
8 2 N 5 8 7 B 2 N 5 8 7 6 M P S U 0 6 M P S U 5 6 NIPSA06 M P S A 5 6 M D 8 O 0 2 

75 
4 M J 8 0 2 M J 4 5 0 2 M P S U 0 6 M P S U 5 6 M P S A 0 6 M P S A 5 6 MDBO01 

75 a MJS02 M J 4 5 0 2 MM30O7 2 N S 6 7 9 M M 3 0 0 7 M M 4 0 0 7 M 0 8 0 0 3 

100 
4 

3 

MJS02 

M J 8 0 2 

M J 4 5 0 2 

M J 4 5 0 2 

MPSU06 

M M 3 0 0 7 

M P S U 5 6 

2 N 5 6 7 9 

M P S U 0 6 

M M 3 0 0 7 

M P S U 5 6 

M M 4 0 0 7 

M 0 8 0 0 2 

M D 8 0 0 3 

The f o l l o w i n g s e m i c o n d u c t o r s are used at ai l o f t h e p o w e r levels: 
Q l 1 - M P S L 0 1 0 1 — 1 N 5 2 4 0 A o r 1N968A (See N o t e 1} 

Q5 - M P S A 2 0 D2 — MZ2361 
Q 1 2 - M P S L 5 1 D3 & D4 — 1N5236B (See N o t e 1 | 

Q 3 - M P S A 7 0 

N O T E 1 : For a l o w - c o s t zener d i o d e , an e m i t t e r - b a s e j u n c t i o n of a s i l i c o n t rans is to r can be s u b s t i t u t e d . A t rans is tor s imi lar t o the 
M P S 6 5 1 2 can be used f o r t h e 7.5 V zener. 
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N o r m a l i z e d L o a d I m p e d a n c e (1 .0 is N o m i n a l L o a d l 

FIGURE 2 — Output Power versus Load Impedance FIGURE 3 - Power Bandwidth 10 dB is Max Rated Power Output) 
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T A B L E 2 — Resistor Va lues and Power S u p p l y V o l t a g e s 

O u t p u t L o a d 
P o w e r I m p e d a n c e R1 R 2 R 3 R 4 R5 R 6 , R7 R 8 , R9 R10 , R 1 5 R 1 1 . R 1 4 R 1 2 , R 1 3 

(Wat ts - rms) ( O h m s ! ± 5 % ± 1 0 % ± 5 % ± 5 % ± 5 % ± 5 % ± 1 0 % ± 5 % + 5% ± 5 % v c c 

35 
4 

8 

8 2 0 

5 6 0 

2.7 k 
3.9 k 

18 k 

22 k 

1.2 k 

1.2 k 

120 

130 

0 .39 

0 . 4 7 * 

3 9 0 

2 4 0 

2.7 k 

3.0 k 

1.5 k 

1.2 k 

4 7 0 

4 7 0 

± 2 1 V 

± 2 7 V 

50 
4 

8 

6 3 0 

4 7 0 

3.3 k 

4.7 k 
22 k 

27 k 

1.2 k 

1.2 k 

100 

ISO 

0 .33 

0 . 4 3 * 

360 

2 7 0 

3.3 k 

3.9 k 

1.5 k 

1.2 k 

4 7 0 

4 7 0 

± 2 5 V 

+ 3 2 V 

60 
4 

3 

6 2 0 

4 3 0 

3.9 k 
5.6 k 

22 k 

33 k 

1.2 k 

1.2 k 

120 

120 

0 .33 

0 .39 

4 3 0 

300 

3.9 k 

4.7 k 

1.5 k 

1.2 k 

4 7 0 

4 7 0 

+ 27 V 

± 3 6 V 

75 
4 5 6 0 4.7 k 27 k 1.2 k 9 1 0 .33 6 2 0 5.6 k 1.8 k 4 7 0 ± 3 0 V 

75 
a 3 9 0 6.3 k 33 k 1.2 k ISO 0 .39 3 9 0 6.3 k 1.5 k 4 7 0 + 4 0 V 

1 0 0 
4 

3 

4 7 0 

3 3 0 

5.6 k 

3.2 k 
33 k 

3S k 
1.2 k 

1.2 k 

68 

100 

0 .39 

0 .39 

1.0 k 

5 1 0 

8.2 k 

9.1 k 

2.2 k 

1.3 k 

4 7 0 

4 7 0 

± 3 4 V 

+ 45 V 

N O T E ; A l l o f t h e above resistor values are in o h m s a n d are 1/2 W e x c e p t f o r RG and R7 . 

* R6 and R7 are 5 W resistors e x c e p t w h e r e * ind icates 2 W. 

AMPLIF IER OUTPUT L O A D A N D TRANSISTOR 
POWER DISSIPATION CONSIDERATIONS 

High-fidelity speaker systems can appear capacitive or 
inductive as well as resistive. The current and voltage ap
pearing in the amplifier will thus be out of phase when the 
load appears reactive. Evaluation of several speaker systems 
showed that nearly 60° of phase shift can occur between 
the voltage and current. At 60° phase shift, 1/2 Vcc and 
the peak load current can appear simultaneously at the 
output transistor, or VfJC and 1/2 the peak load current 
can appear, depending on whether the load is capacitive 
or inductive. Since the short-circuit-protection network 
must not interfere with normal operating load conditions, 
the minimum peak power level to which the short-circuit 
dissipation can be limited is the product of the peak current 
and voltage appearing at the output transistor under the 
worst-case allowable phase shift. This means that if we 
want to allow normal operation into a ±60° reactive load, 

M i n i m u m Heat S i n k i n g R e q u i r e d f o r Safe O p e r a t i o n U n d e r 
S h u n t e d L o a d at 5 0 ° C A m b i e n t T e m p e r a t u r e 

O u t p u t Dr iver 
O u t p u t L o a d T r a n s i s t o r Trans is tor 
P o w e r 

(Wat ts - rms) 
1 mpedanca 

(Ohms) 
Heat Sink ( 0 C A ) 

(See N o t e 1) 
Heat S i n k ( 9 C A ) 

(See N o t e 2) 

35 
4 

3 

4 . 2 ° C / W 

2 . 4 ° C / W 

N o n e 

N o n e 

50 
4 

a 
3 . 0 ° C / W 

2 . 4 ° C / W 

6 0 ° C / W 

6 0 ° C / W 

6 0 
4 

8 

2 . 5 ° C / W 

2 . 0 ° C / W 

6 0 ° C / W 

6 0 ° C / W 

75 
4 1 . 6 ° C / W 3 5 ° C / W 

75 
3 1.6°C7W 7 0 ° C / W * 

100 
4 1 . 0 ° C / W 2 0 ° C / W 

100 
8 1 . 0 ° C / W 5 0 ° C / W " 

N O T E 1 : A l l o f t h e o u t p u t t rans is tors are in T O - 3 packages w i t h the e x c e p t i o n o f t h e M J E 2 8 0 1 / 2 9 0 1 (35 W / S f l l , w h i c h are in t h e 
Case 9 0 T h e r m o p a d t plast ic package. 

2 : A l l o f t h e dr iver t rans is tors are in t h e plast ic U n i w a t t t package w i t h the e x c e p t i o n o f those m a r k e d * , w h i c h are 
meta l cased T O - 5 . 

^ T r a d e m a r k o f M o t o r o l a Inc. 

our short-circuit power dissipation will be determined by 
the following equation: 

„ v C C x I p e a k 
PpD(short circuit) = ~ - ( ] ) 

where Ppo is the peak dissipation for each output tran
sistor; it is also the total average power dissipation for 
the amplifier. 

The average power dissipation of each transistor is ex
pressed by the equation: 

l / 2 V C C x l p e a k n , 
PAD(short circuit) = ^ U 

The worst-case average power dissipation in driver tran
sistors Q7 and Q9 is the power dissipation expressed in 
Equation 2 divided by the current gain of the output tran-

4 
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aistor. Because of the nature of the short-circuit-protection 
network, the minimum 1-second safe-operating-area re
quirement for the output transistor occurs at VQQ and is 
the same as the peak dissipation as determined by Equation 
1. The maximum thermal resistance, and consequently the 
minimum power dissipation rating, required for each output 
transistor is found by the following equations 

F I G U R E 4 - T o t a l H a r m o n i c D i s t o r t i o n versus F r e q u e n c y at 1/4 W 
and F u l l - R a t e d O u t p u t i n t o N o m i n a l L o a d I m p e d a n c e 

PERFORMANCE 

All of the amplifiers listed in Tables 1 and 2 will per
form typically us shown as follows: 

Output Power: Each amplifier will deliver its full rated 
rms output power into the nominal load impedance 
providing the power supply has adequate regulation. 
Figure 2 shows the power output versus load impedance. 

Input Sensitivity: 1 V R M S into 10 kCl for full rated 
output power. 

Frequency Response: Less than 3-dB rolloff from 10 Hz 
to 100 kHz referenced to 1 kHz. 

Power Bandwidth: Full rated output power ±1/2 dB 
from 20 Hz to 20 kHz. (See Figure 3) 

Total Harmonic Distortion: Less than 0.2% at any power 
level between 100 mW and ful l rated output and at any 
frequency between 20 Hz and 20 kHz. (See Figure 4) 

Intermodulation Distortion: Less than 0.2% at any power 
level from 100 mW to full rated output. (60 Hz and 
7 kHz mixed 4 to 1) 

Damping Factor: Over 150 at any frequency from 20 Hz 
to 20 kHz. 

Square Wave Response: (See Figure 5) 

Short Circuit Power Dissipation in Each Output Transistor: 
(See Figure 6) T j ( m a x ) - T A - dCA x PAD 

0JC(max) = - 3 — - ^ D 

where T j ( m a x ) is the maximum junction temperature 
rating of the device, 

T\ is the maximum ambient temperature, 
and 

#CA is the thermal resistance of the heat sink 
including the mica insulating washer, 
if used. 

The minimum power dissipation rating of the transistor is 
found by 

_ Tj(max) 

PDM = E~r~~" 
0JC(max) COMPONENT VALUES 

Table 1 lists the specific resistor values for 4- and 8-
ohm amplifiers at 3S-, 50-, 60-, 75-, and 100-watt power 
levels. Table 2 lists the semiconductors required for the 
same amplifiers. The numbers given in this chart are the 
nearest standard parts available that wilt meet or exceed 
the minimum specifications required for the particular 
amplifier. Where large amplifier production quantities are 
involved, the transistor manufacturer should be consulted 
for the optimum transistor specifications to realize max
imum cost savings. 

Table 3 lists the minimum heat-sink requirements for 
the amplifier transistors. 

F I G U F i E S — Square Wave Response 

Design Example 

An electronics company has a requirement for a direct-
coupled audio amplifier with the following specifications: 

Power Output: 60 watts rms into 8 with normal oper
ation allowed into ±60° reactive load. 

Short-Circuit Operation: Circuit has to operate safely at 
50°C ambient temperature with the output shorted. 

Total Distortion: Less than 0.2%. 
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Input Sensitivity: 1 V r m s (1.4 V p e a k ) input for 60 
watts into 8 SI. 

The designer chooses a full-complementary circuit, 
similar to the circuit of Figure 1, due to its excellent ac 
and dc performance. 

The circuit values are determined as follows: 

peak input voltage 
R l : R] - F xRf. 

peak load voltage 

Rf = 10 k£2. The rms load voltage can be found by 

V r m s 2 

_ rmb S i n c g p _ 6 Q 

V r r n s = V r 60~8 = 21 V,and 

V p e a k = 1 4 x V r m s 

= 31 V. 

I - 4 

Therefore Rl = — X 10 k 
31 

= 450 n . 

FIGURE 6 — Output Transistor Power Dissipation under Shorted Load 
Conditions versus Ampli f ier Nominal Rated Output Power 

Choosing the nearest 5% value which gives 1 -V sensitivity or 
better: Rl = 4 3 0 f t . 

VCC V C C = v p e a k load + V R 6 + saturation and voltage-
drop losses. 

The sum of VRg and the saturation and voltage drop 
losses is approximately 5 V for this amplifier. 

V c c = 31 + 5 = 3 6 V 

VCC - Vn i 
R2: R2(max) = , — 

Ibias(OJandQ2) + lDl 

The differential amplifier must be biased for 2 mA 
through the emitter leg with 680 SI in the collector 
circuit, 2 mA is sufficient for good zener diode 
regulation. 

3 6 - 1 0 
R 2 ( m a x ) = o T o o 4 -

= 6.5 kSl 

The nearest standard value is 5.6 kSl, 

R3, R4, R5: The voltage at the base of Q6 with respect 
to the negative supply voltage should be 
kept under 2.0 V to prevent premature 
clipping of the negative portion of the out
put signal. 

R4 
Therefore, if x V r r is set equal to 1.3 V, and 

R3 + R4 ^ 4 

letting 

R4= 1.2 kU, 
1.2 k 

, — - x 36 = 1.3, and 
( R 3 + I . 2 k ) 

R3 = 33 kSl (Nearest standard value) 

R4 1.2 k 
N O W ' R - 3 T R 4 - x V C C = 3 3 k T T ^ k X 3 6 = t - 2 6 V 

R5(max) = ' • * ' " ^ ( 0 6 ) ^ 
Max dc Bias Current of Q4 + 1 mA 

1 mA extra current allows for resistor tolerances. 

Max dc Bias Current = peak load 
n F E min(Q9) * hpE min(Q 10) 

Jpeak l o a d i s found by: 

Ipeak= R l 

31 

~ 8 

= 3.9 A 

0.61 0.61 
R5(max) = - , T = - — - - = 125 SI 

v .3,9 + l m A 4.9 mA 
IOOO I M A 

Choosing the nearest standard value, R5 = 120 SI 

R6, R7: Due to the nature of the short-circuit-protection 
network, the voltage appearing across R6 and 
R7, resulting from the peak load current, should 
be in the 1.5-to-2.0 V range. 
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1.5 V 
R6 = R7 « - = 0.384 S2 

3.9 A 

Let R6 = R7 = 0.39 J2 

Short Circuit Protection Network 
Refer to Figures 1 and 7. 

R8,RiQ, R11,R12: 

Vg i [ has to be approximately 1.4 V for Q3 to conduct. 

v R6(inax) = lpeakRE = 3.9A x0.39S2 = l.> t V. 

R12 
Therefore, - - - - - - - x 1 .53 = 0.933 from equation! d). (c) 

Ko + K1 2 
If we let R12 = 470 £2, a convenient value, then solving 
(e) yields: 

R8 = 300 n 

R12 x R8 
Let R12 '= = 183 SI. 

R12+ RS 

Then, K2 V E O f m a x ) = R , , h ^ - r I O 

x V E o ( m a x ) = 0-933 (f) 

R12' 
Also 7 x Vn3 = 0.933 in order for the zener 

R12 + R l l 
diode to conduct. 

Let V[)3 = 7.5 V, a convenient value for an economical 
zener diode. 

183 
For equation ff), x 36 = 0.933, so 

4 183 + 1,2 k + RIO 
R10 = 5.67 k<Tl. 

To allow V t j 3 to turn on at 10%-high line voltage, R10 
should be reduced by 10% so let R10 = 4.7 kQ,. 

Thus the values for the resistors in the short circuit 
network arc: 

R6 = R7 = 0.39 £2 

R8 = R9 = 300 

R10= Rl 5 = 5.6 k£2 

RI1 = R14= 1.2k£2 

R12 = R13 =47012 

TRANSISTOR BASIC REQUIREMENTS 

Output Transistors 

Ql 1,Q12: V( B R)CEO 5 5 s 0 v a t lC = ~ ( )0 tnA 
(allowing for 109c high line voltage) 

hFE = 20 minimum at Ifj = 4.0 A and V c e = 
2.0 V 

The Motorola 2N5876 and 2N5878 meet these specs. 
The power dissipation rating is 150 watts and the maximum 
junction temperature is 200°C. 

200°C - 25 °C 
0 j r = = 1.17°C/W, 

J L 150 

where BJQ = thermal resistance from junction to case for 
the transistor. 

From equation (2), the power dissipation occurring in 
each output transistor during shorted load conditions is 

1/2 V C C x 3 . 9 A „ , P D = -L—±±l = 3 5 . ! watts 
2 

7 

O u t p u t 

T o Base 
o f Q 4 

+ 3 6 V 

F I G U R E 7 - D e t e r m i n i n g Va lues o f S h o r t - C i r c u i t N e t w o r k 

The maximum current-voltage product appearing at Q8 
under normal load conditions occurs at the +.60° phase 
shift limit of the reactive load. 

For 60° phase shift, the following equations can be 
derived for turning Q3 on during shorted output: 

V B n = 1/2 Kl V R 6 ( m a x > + K2VEO(max) (a) 

V a n =KI V R 6 ( m a x ) + I/2K2 VEO(max) Q>) 

R12 
where Ki = 

RS + Rl 2 
Eq. Resist, of Rl 1 and RS in Parallel 

K2~(Eq. Resist", of R~l 1 and"R8~in"ParalTel)+" RTI"+Rl0 

Solving (a) and (b) simultaneously yields: 

Kl V R 6(max) = K2V E o(rnax)-

Since Vg [ i = 1.4 V, and substituting equation (c) in equa
tion (a) or (b), yields 

K1 V R 6 ( m a x ) = K2 V E 0 ( m a x ) = 0.933. (d) 

Now under shorted output, 

VEO(max) = V C C = 36 V, and 



Allowing for a 30% increase in Prj due to high line volt
age, dc idling-power and component tolerance, PDmax is: 

p D ( m a x ) = 46 watts. 

Al lowing for 50°C ambient temperature: 

PlXmax) 0JC 
8QA of heat sink = 

PDfmax) 

- 200 - 1 o _ : 4 6 _ x _ L 1 7 

46 

0 C A = 2.O°C/W 

Driver Transistors 

Q7 and Q9: V<BR)CEO ^ 80 V at Ic = 10 m A 

h p E > 5 0 a t Ic = 100 mA. 

The Motorola MPS-U06 and MPS-U56 transistors meet 
these requirements. 

The maximum power dissipation rating of these devices 
is 5.0 watts a n d T j ( m a x ) = 135°C. 

135 - 25 

sic = — — - = 22°c/w 
The maximum power dissipation in the driver tran

sistor is: 

PD(max) 
hpE o r " output 

The hFE of the output is now the current gain at the 
short-circuit current level: 

46 W 
'short circuit = 4 Q v x 2 = 2.3 A (at high line voltage). 

The 2N5876 and 2N5878 have hpE ^ 45 at 2.3 A. 

46 
Therefore, Prj(driver) = = 1 0 3 w -

135 - 5 0 - 22 x 1.03 
dcA of heat sink = = 60°C/W 

1.03 

dQA = 60°C/W 

Pre-Driver Transistor 

Q4 and Q9: V ( B R ) C E O ^ 80 V 

hpE > 75 at Ic = 10 mA and 

V C E = 1 V 

The Motorola MPS-A06 and MPS-A56 meet these re
quirements. The maximum power dissipation rating on 
this device is 500 mW and T j ( m a x ) = 135°C. 

PD(driver) ^ _ 
P D ^ r e - d r i v e O ^ - p ^ - ^ ^ D C 

PDC is due to the bias current used in the calculation 
of R5 and is: 

1030 
mW + 40 V x 5 mA = 220 mW 

50 

PD(max) at 50°C for the transistor is: 

500 mW 
500 m W - x 5 0 ° C = 315mW 

135°C 
Since this is greater than the worst-case dissipation, 

PlXpre-driver). Q 4 and Q9 do not require any heat sink. 

S H O R T - C I R C U I T P R O T E C T I O N T R A N S I S T O R S 

Q l 1, Q12, Q4, Q5: 

A l l o f these transistors operate at low current levels and 
can be TO-92 type plastic transistors. 

Q l l and Q12 should have hpE S 5 40 at 2 mA and 
V(BR)CEO * 80 V. 

The MPS-L01 and MPS-L51 meet these specifications. 
Q4 and Q5 should have hpE 5 2 25 at 1 m A and 

v ( B R ) C E O & 10 V. The MPS-A20 and MPS-A70 meet 
these specifications. 

Now the designer has all of the component values and 
semiconductor types required for the 60-watt amplifier. 

MOTOROLA Semiconductor Products Inc. 
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