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3 to 130 WATT 
AUDIO AMPLIFIERS (PART 1.)

W . E A SO N , A.S.T.C., A.M.I.E. (AUST.), m .i .r .e .e . 
A.W.A. APPLICATIONS LABORATORY RYDALMERE, N.S.W.

Preamble

A n im portan t quality  o f an am plifier 
is its ability to  increase the pow er level 
o f the input signal w ithout adding dis­
to rtion  com ponents o r changing the 
frequency  vs am plitude characteristics 
o f the signal.

T he ou tp u t pow er o f the am plifier 
is the param eter w hich determ ines the 
u n it’s size in re la tion  to  its use, and  can 
vary  from  abou t 100 m W to  hundreds 
o f w atts. T he design o f an am plifier 
should  be such th a t it is physically 
sm all in size, reliable, o f low cost w ith 
sim ple circuitry , efficient in operation  
w ith  no  c r i t ic a l  a d ju s tm e n ts  an d  
to le ran t to  variations in  com ponent 
param eters.

T his rep o rt will cover am plifier 
designs from  abou t 3 w atts to  g reater 
than  100 w atts. A t p resen t the ou tpu t 
pow er lim it fo r these designs is about 
130 w atts, beyond w hich the techn i­
ques illustrated  canno t be used due to 
the lim its im posed by the m axim um  
ratings o f available pow er transistors.

Amplifiers

T he production  o f m edium  to high 
pow er, low -distortion audio am plifiers 
covering a w ide range o f frequencies 
has, until recently , been difficult and 
frequently  cum bersom e.

T ransistors, on  the surface, appear 
to be relatively sim ple th ree term inal 
devices w ith input and  ou tpu t connec­
tions betw een w hich pow er am plifica­
tion is poss'ible. T he ir operation  m ay 
be  c o m p lic a te d  by  th e  e f fe c ts  o f  
in ternal dissipation and  the resu ltan t 
in c r e a s e  in  in te rn a l  te m p e ra tu re .  
G erm an ium  types w hich as a rule have 
leakage cu rren ts tw'o o r m ore orders 
o f m agnitude h igher th an  silicon, can 
be affected seriously in this respect. 
T he im proving availability and cost 
s truc tu re  o f silicon types is m aking 
possible the design o f circuits w hich 
app roach  the ideal type o f am plifier 
to  a g reater degree than  ever before.

F igures 1, 2, 3, 4  and  5 show 
respectively a general c ircu it and  a 
series o f designs covering 3, 10-15, 
25-50 and 70-130 w att am plifiers.

In  all the designs it is possible to 
m odify individual characteristics to  suit 
particu lar design criteria. T he 3 w att 
am plifier differs from  the o th er designs 
in th a t th e  load is supplied directly  
from  the com plem entary  stage. T his 
arrangem ent requires the use o f com ­
p lem entary  transis to r types having 
pow er d issipation ratings o f app rox i­
m ately 3 w atts a t 50° C. T his sam e 
a rrangem ent can  be used to  provide 
h igher pow er ou tp u t levels w hen com ­
p lem en tary  transistors having h igher 
dissipation levels becom e available. 
In  the m eantim e, for h igher pow er 
units, the use o f a single ended ou tpu t 
stage follow ing the com plem entary  
drivers provides a satisfactory  solution.

In all the designs given in this series, 
the sensitivity o f the am plifier and  its 
d isto rtion  can  be modified over a very 
w ide range by the sim ple expedient o f 
changing the am oun t of negative feed 
back.

C ertain  sections o f one am plifier 
c ircu it can  be incorporated  in to  the 
app rop ria te  section  of an o th e r circu it 
to  ob tain  a particu lar characteristic . 
Some of the possible m odifications 
have been included in the circuits of 
the m ain  am plifiers

A  tabulation  o f the m ajo r p e rfo rm ­
ance characteristics o f the am plifiers

is given below and the com ponent 
values fo r each design are given on 
the app rop ria te  c ircuit. U sing the 
general c ircu it show n in F igure 1 as 
a reference  key, and  since all the  o ther 
circuits in this series o f am plifiers and 
their associated m odifications use the 
sam e fundam enta l am plifier design, it 
is possible to sim plify the circu it 
descrip tion  by giving each  p articu lar 
com ponen t in a c ircu it the sam e 
reference num ber.

C onsequently  all com ponents ca rry ­
ing the sam e reference  num ber per­
fo rm  the sam e function  in each 
am plifier.

Circuit Description

All the m ain  am plifiers are directly  
coupled betw een the input and ou tpu t 
sections and  inco rpo ra te  a directly 
coupled  feedback  system . T he feed ­
back has been arranged  to  provide a 
gain reduction  of m ore than  60 dB 
and  v irtually  produces unity  voltage 
gain. T he high value o f d irect coupled 
feedback  together w ith the use of 
silicon transisto rs p roduces excellent 
tem pera tu re  stability and  provides a 
c ircu it w hich is to leran t to  w ide varia ­
tions in com ponen t values. Since the 
overall voltage gain v irtually  is unity  
and  an  im pedance change occurs be­
tw een inpu t and  o u tp u t term inals, the 
pow er gain is very nearly  equal to  the 
cu rren t gain of the system . This 
cu rren t gain and the corresponding

TABLE 1— AMPLIFIER SPECIFICATIONS

C ircu it (F igu re  N um ber) 2 3 3 4 4 4 5 5 5

N om inal Pow er O utput 3 10 15 25 35 50 70 100 130 W.

O utpu t L oad Im pedance 15 15 15 12 8.5 6.0 10 6.5 5.0 0

Pow er O utpu t before C lipping 3.3 11.5 16 27 37 51 71 105 130 w.
D istortion  before Clipping 1.7 0.1 0.1 0.5 0.5 0.5 0.7 1.0 1.0 %

Sensitivity fo r Full O utput 175 270 325 90 95 100 130 125 117 mV.

N oise below full ou tpu t 69 80 80 70 70 70 75 75 75 dB
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overall d irec t coupled  pow er gain can 
be high.

T he d irec t coupled  am plifier and  the 
feedback system  will exhibit very  little 
frequency  discrim ination  un til the 
signal frequency  is high enough  to 
affect the cu rren t gain  o f the transisto rs 
and cause phase shifts in  the coupling 
o r feedback  circuits o f th e  am plifier. 
F reedom  from  these effects, by the use 
o f suitable transistors, can  be ob tained  
from  d.c. up to  the m egahertz  region 
and thereby  allow  the use o f  very  stable 
feedback  loops. I t  is possible to  separ­
ate the d.c. and  a.c. com ponents o f  the 
feedback loop and  thus enab le  a  very 
high degree o f d.c. feedback  to  be 
m ain tained  w hile suitably m odifying 
the a.c. o r signal com ponent.

T h e  a m o u n t  o f  a .c .  f e e d b a c k  
included in  the d.c. feedback  loop is 
m any orders o f m agnitude h igher than  
required  to  satisfy even th e  m ost s trin ­

gent specification. C onsequently , any 
reduction  in  the a.c. feedback  will 
increase th e  a.c. voltage gain o f the 
system  and  thus increase the pow er 
gain a t signal frequencies. T his can  be 
a c h ie v e d  b y  s h u n tin g  c o n tro l le d  
am ounts o f  signal frequency  feedback  
from  th e  m ain  feedback  line. R efer­
ring  to  th e  general c ircu it in  figure 1, 
the resisto r R7 is added  as a contro lled  
shun t fo r all signals in  the feedback 
line. T he d.c. com ponen t is rem oved 
by the inclusion o f the capac ito r C3.

Since the  overall loop gain is very 
high, th e  overall signal frequency  volt­
age gain  w ith the m odified a .c. feed­
back, is determ ined  a t m id  frequencies 
by the relationship:

V oltage  gain Vg =  R 7 4 -  R9
---------------- ( 1)

R7
T he accuracy  of equation  (1) w hich 

is a sim plification o f a m ore  com plex

expression, w ill depend  upon  the re la ­
tive values o f R 7 and  R 9 and  dim in­
ishes as R 7 is reduced . H ow ever, until 
the  gain exceeds a  few  hundred , i.e., 
b efo re  the feedback  fac to r has d ropped  
to o  fa r , the ca lcu lation  will be suffi­
c iently  accurate . F o r  exam ple, w hen 
R 7  is zero  the feedback  will be zero, 
the gain w ill be a m axim um  and  
equation  (1) will n o  longer apply.

T he capacito r C3 provides d.c. 
isolation betw een th e  collector o f  Q 2 
and  th e  base o f Q 2 o r Q 8 as w ell as 
separating  the d.c. and  a.c. com ponents 
o f th e  feedback  loop.

In  a  subsequent artic le  a  b rief 
trea tm en t o f each  section  will be given, 
w ith em phasis on  any  salient points. 
This will provide an exp lana tion  o f the 
opera tion  of the am plifiers as a  w hole 
and  also help  . th e  u ser to  select an 
app rop ria te  set o f units fo r the 
requ ired  application .

R I O  R 2 I
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SUPER RADIOTRON 
21GJP4 

PICTURE TUBE

T h e  2 1 G J P 4  is a  d ire c tly  v iew ed  re c ta n g u la r  
g lass p ic tu re  tu b e  h av in g  a n  a lu m in ised  screen  
1 6 1 "  x  1 3 i "  w ith  a  m in im u m  p ro je c te d  a re a  o f 
2 1 2  sq u a re  inches . I t  e m p lo y s  1 1 4 °  m ag n e tic

d e flec tio n  a n d  low  v o ltag e  e le c tro s ta tic  focus. 
In te g ra l im p lo sio n  p ro te c tio n  is p ro v id ed  b y  a  
fo rm e d  r im  b a n d  a n d  ten s io n  b a n d  a ro u n d  th e  
p e r ip h e ry  o f  th e  tu b e  p a n e l.

GENERAL

Heater V oltage...........................................  6.3 volts
I Icater C u rren t............................................  0.6 amp

Direct Interelectrode Capacitances:
Cathode to all other electrodes ................ 5 pf
Grid 1 to all other electrodes..................... 6 pf

External conductive coating to anode:
Maximum ................................................  2300 pf
Minimum ................................................. 1500 pf

F acep la te ...................................................Fiberglass

Light Transmission ..........................................  46%
Phosphor.......................... Aluminised P4 Sulphide

Fluorescence ................................................  White
Phosphorescence .........................................  White

Focusing Method .................................  Electrostatic

Deflection Method ...................................  Magnetic

Deflection Angles (approx.):
Diagonal .........................................................  114°
H orizontal.......................................................  102°
Vertical ............................. —  ............... 85°

Tube Dimensions:
Overall Length ..........  12.968 ±0 .281  inches
Greatest Width ..........  18.185 ±0 .125  inches
Greatest H e ig h t..........  14.700 ±0 .125  inches
Diagonal 20.745 ±0 .125  inches
Neck Length 4.687 ±0 .125  inches

S creen  D im en s io n s  (m in .):
H o riz o n ta l  ........................................... 1 6 .8 7 5  in ch es
V e r t i c a l ................................................. 1 3 .2 5 0  in ch es
D ia g o n a l ............................................... 1 9 .6 2 5  inches
•A rea ......................................................... 2 1 2  sq . in .

E le c tro n  G u n  ..............................................  U n ip o te n tia l

B u lb  ........................................................................  J 1 6 5 J A I
B u lb  C o n ta c t ..........................................  J E D E C  J 1 -21
B ase  .........................................................  J E D E C  B 7-183

SOCKET CONNECTIONS-8HR

P in  1— H e a te r  
P in  2— G rid  N o. 1 
P in  3— G rid  N o. 2 
P in  4— G rid  N o. 4 
P in  5— B lan k  
P in  6— G rid  N o. 1 
P in  7— C a th o d e  
P in  8— H e a te r  
B u lb  C o n ta c t— A n o d e
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RATINGS, DESIGN MAXIMUM SYSTEM
(Unless otherwise specified, voltage values are positive, and measured with respect to cathode)

Maximum Anode V o ltag e .....................................................................................................................  20,000 volts
Minimum Anode V oltage.......................................................................................................................  11,000 volts
Maximum Grid No. 4 V oltage.................................................................................................. +1100, —550 volts
Maximum Grid No. 2 V oltage....................................................................................................................  550 volts
Minimum Grid No. 2 V oltage.....................................................................................................................  200 volts

Grid No. 1 Voltage:
Maximum Negative V a lu e ................................................................................................................— 154 volts

Maximum Negative Peak V a lu e ....................................................................................................  —220 volts
Maximum Positive V a lu e ................. ....................................................................................................... 0 volts

Maximum Positive Peak V a lu e .............................................................................................................. 2 volts
Maximum Heater-Cathode Voltage, Heater 
Negative with respect to Cathode:

During Warm-up, 15 secs ................................... ...........................................................................450 volts
After Warm-up P eriod ..........................................................................................................................  200 volts

Maximum Heater-Cathode Voltage, Heater
Positive with respect to Cathode: ...........................................................................  200 volts

TYPICAL OPERATION, GRID DRIVE SERVICE

Unless otherwise specified, all voltage values are positive with respect to cathode)

Anode V oltage.....................................................................................................................................  16,000 volts dc
Grid No. 4 V oltage*.............................................................................................................................0-400 volts dc
Grid No., 2 Voltage ................................................................................................................................  400 volts dc
Grid No. 1 Voltage ...............................................................................................................—36 to —94 volts dc

TYPICAL OPERATION, CATHODE DRIVE SERVICE

(Unless otherwise specified, all voltage values are positive with respect to Grid No. 1)

Anode V oltage.....................................................................................................................................  16,000 volts dc
Grid No. 4 V oltage*.......................................................................................................................  0-400 volts dc
Grid No. 2 V oltage.................................................................................................................................  400 volts dc
Cathode V oltage............................................................... .............................................................36 to 78 volts dc

MAXIMUM CIRCUIT VALUE

Grid No. 1 Circuit Resistance..............................................................................................................  1.5 megohms

* The grid No. 4 (or grid No. 4 to grid No. 1) voltage required for optimum focus of any individual tube will be 
a value between 0 and 400 volts independent of anode current. It will remain essentially constant fo r values of 
anode (or anode to grid No. 1) voltage and grid No. 2 (o r  grid No. 2 to grid No. 1) voltage within the ranges 
shown for these items.
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1 4 -7 0 0
♦ 1 2 5

9 - 5 0 0  
+ 2 5 0

2IG JP4

ASSEMBLY 

NOTE 7

EXTERNAL 
CONDUCTIVE 

COATING 
NOTE 3

REFERENCE L IN E

C E N TR E LIN E

JEDEC No. B 7 -I8 3  
NO TE 2

♦ •0 4 3  _  
1-125 - .0 2 5  DIA.

NOTE 4

NOTES

NOTE 1. Yoke Reference Line is determined by plane 
surface of flared end of JED EC Reference 
Line Gauge No. 126 when seated on funnel 
of tube. With minimum neck length tube, 
the PM centring magnet should extend no 
m ore than 2 \"  from  Yoke Reference Line.

NOTE 2. Lateral strains on the base pins must be 
avoided. The socket should have flexible leads 
permitting movement. The perimeter of the 
base wafer will be inside a  l j "  diameter 
circle concentric with the tube axis.

NOTE 3. External conductive coating forms supple­
mentary filter capacitor and must be 
grounded

NOTE 4. Neck diameter may be a maximum of 1.168" 
at the splice.

NOTE 5. Base pin No. 4 aligns with centreline A-A' 
within 30° and is on the same side as anode 
contact J 1-21.

NOTE 6. To clean this area, wipe only with a soft, 
dry lintless cloth.

NOTE 7. The Rimband assembly must be grounded.

TRANSPARENT 
IN SU LATIN G  COATING 

NOTE 6
1.125 ± 1 2 5

4 -1 2 5  — - 12 S
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APPLICATION OF THE 
RCA CA301S AND CA301G 

INTEGRATED-CIRCUIT 
OPERATIONAL AMPLIFIERS

Vcc Vcc .

Fig. 1.— Schematic diagrams and terminal connections for the CA3015 and CA3016 
integrated-circuit operations amplifiers.

The RCA integrated-circuit opera­
tional amplifiers CA3015 and CA3016 
are identical in circuit configuration to 
the previously announced types CA3008 
and CA3010, but have an improved 
device breakdown voltage that permits 
operation from ±  12-volt supplies. Oper­
ation of the CA3015 and CA3016 from 
power supplies of ± 6  volts or ± 3  volts 
is the same as for the earlier types.1 
This Note describes the operating char­
acteristics of the CA3015 and CA3016 at 
± 1 2  volts, and discusses applications that 
take advantage of the higher gain-band- 
width product and increased output signal 
swing obtained at the higher voltages.

Operating Characteristics
Fig. 1 shows the schematic diagrams 

and terminal numbers for the -CA3015 
and CA3016. As in the case of the 
CA3008 and CA3010, each operational 
amplifier consists basically of two dif­
ferential amplifiers and a single-ended 
output circuit in cascade. The CA3015 
is supplied in a 12-lead TO-5 package, 
and the CA3016 in a 14-lead flat pack­
age. Throughout this Note, terminal 
numbers for the CA3015 are shown in 
the illustrations; however, the discussion 
applies to both packages.

DC Characteristics
When operated from ±12-volt power 

supplies, these operational amplifiers 
have a typical dissipation of 175 milli­
watts with terminal 5 of the CA3015 or 
terminal 8 of the CA3016 open. If ter­
minals 5 and 9 of the CA3015 o r ter­
minals 8 and 12 of the CA3016 are 
shorted, higher output-current capability 
can be achieved, but the dissipation in­
creases to a typical value of 500 milli­
watts. The input offset voltage is typically 
1.4 millivolts, and the variation in input 
offset voltage is typically less than 200

microvolts per volt for fluctuations of 
either supply voltage. A t 25° C, the input 
bias current and input offset current are 
typically 9.6 and 1 microamperes, respec­
tively. (Curves of input offset voltage, 
input bias current, and input offset cur­
rent as functions of tem perature are given 
in the technical bulletin fo r the CA3015 
and CA3016.)

Derating. When these operational 
amplifiers are operated from ± 12-volt 
supplies with terminals 5 and 9 of the 
CA3015 or terminals 8 and 12 of the 
CA3016 shorted for greater output capa­
bility, the power dissipation is high 
enough so that tem perature derating is 
necessary. The maximum junction-temp- 
erature rating is 150°C, and the thermal 
resistance is 100°C per watt. The maxi­
m um power-dissipation rating is 600 
milliwatts at 25°C(with terminals shorted 
as described above). In this higher-out­
put mode, the circuits can operate safely 
at ambient temperatures up to 90°C.

AC Characteristics
Transfer Characteristic. The open-loop 

transfer characteristic is shown in Fig. 2.

As in the case of the CA3008 and 
CA3010, there is no hysteresis effect. The 
CA3015 and CA3016 technical bulletin 
includes curves of maximum peak-to- 
peak voltages as functions of load resist­
ance with terminal 5 of the CA3015 or 
terminal 8 of the CA3016 open and with 
terminals 5 and 9 of the CA3015 or ter­
minals 8 and 12 of the CA3016 shorted. 
The CA3015 and CA3016 can drive a 
lower-resistance load when these termin­
als are shorted.

G ain vs Frequency Response. The
open-loop low-frequency gain of the 
CA3015 and CA3016 with ±  12-volt 
supplies is typically 70 dB with a 3-dB 
bandwidth of 320 kHz. The unity-gain 
crossover occurs at a frequency of 58 
MHz.

Common-Mode Rejection. The com­
mon-mode rejection ratio of the CA3015 
and CA3016 is typically 104 dB for oper­
ation with ±  12-volt supplies. A curve 
of common-mode rejection ratio as a 
function of frequency is included in the 
bulletin.
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Input and Output Impedances. The
technical bulletin for the CA3015 and 
CA3016 includes curves of input and 
output impedances as functions of tem­
perature. At 25°C, the typical input im­
pedance is 7800 ohms. The typical out­
put impedance is 92 ohms with terminal 
5 of the CA30I5 o r terminal 8 of the 
CA3016 open, and 76 ohms with these 
terminals connected to the output.

Phase Compensation
The following section describes phase- 

lag and phase-lead compensation tech­
niques for these operational amplifiers. 
Fig. 3 shows the various phase-compen- 
sation connections for the CA30I5.

Phase-Lag Compensation
When the CA3015 and CA3016 are 

operated from ±  6-volt supplies, the 
phase-compensation techniques described 
previously for the CA3008 and CA3010 
are applicable. When the CA3015 and 
CA3016 are operated from ±  12-volt sup­
plies, corrections must be made in the 
phase-lag compensation to allow for the 
shift in frequency at which the second 
break in the open-Ioop Bode plot occurs. 
At ±  volts, this second break occurs at 
a frequency of 10 MHz. For Miller- 
efFect and conventional phase-lag com­
pensation, the series RC combinations 
must be adjusted so that 1(2ttRC) =  
10 MHz to correct for the shift in fre­
quency. In addition, the Miller tech­
nique requires a larger value of phase- 
lag capacitance for a non-peaking 
( ±  1 dB) response to allow for the higher 
gain.

Fig. 4 shows a curve of the required 
phase-lag capacitance as a function of

M ILLER EFFECT 
PHASE-LAG

Fig. 3 - Terminal connections. fo r phase- 
lag and phase-lead compensation o f the 

CA3015.

gain, together with the corresponding 
response curves. (The required capaci­
tance values shown in this figure are 
applicable not only for ±  12-volt power 
supplies, but also for all lower-voltage 
symmetrical supplies; however, smaller 
capacitors could be used at lower volt­
ages.)

Fig. 5 shows curves of open-loop com­
pensated and uncompensated frequency 
response with ±  12-volt supplies. Al-

FREQ U ENC Y  —  MHz

Fig. 4 - Am ount o f phase-lag capaci­
tance required to obtain a flat (± 1  dB) 
response, and typical response character­

istics.

though the phase-lag compensation ca­
pacitance of 18 picofarads shown in 
curve (B) of this figure is sufficient 
to provide stability in resistive-feedback 
amplifiers down to unity gain, it is not 
sufficient to provide flat closed-loop re­
sponse (± 1  dB) below 20 dB.

Phase-Lead Compensation
In addition to the standard phase-lag 

compensation discussed above, the 
CA3015 and CA3016 have a phase-lead 
compensation capability. For this phase- 
lead compensation, a capacitor is con­
nected between terminals 7 and 8 of the 
CA3015, as shown in Fig. 3, or between 
terminals 10 and 11 of the CA3016. The 
effect of this capacitor is to eliminate the 
break at 10 M Hz in the Bode plot and 
thus extend the 6-dB-per-octave roll-off. 
The second break in the Bode plot then 
occurs at approximately 35 MHz, and 
the unity-gain crossover occurs at 150 
MHz. The phase-lead compensated 
open-loop response is shown in curves 
(C ) and (D ) of Fig. 5 for various 
values of capacitance. For optimum per­
formance, a minimum phase-lead capa­
citance of 47 picofarads is recommended.

For flat (± 1  dB) responses at closed- 
loop gains below 30 dB, a small amount 
of phase-lag compensation is required in 
addition to the phase-lead compensation. 
The required phase-lag capacitance for 
flat (± 1  dB) responses and the corres­
ponding response curves are shown in 
Fig. 6. When phase-lead compensation 
is used, the series RC combinations 
should be adjusted so that 1 /(2 jtRC) 
=  35 MHz.

FREQUENCY — MHz

Fig. 5 - Open-loop gain as a function of 
frequency for compensated and uncom­

pensated amplifiers.
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I N V E R T I N G  G A I N - d B

VCC = -V EE = I2V

C(pF)* 2

\
\
\ \

15 \
ie s
22 X

Ql 1.0 10 10
FREQUENCY— MHz

Fig. 6 - A m ount o f phase-lag capaci­
tance required to obtain a flat ( ±  JdB) 
response when phase-lead compensation 
is used, and typical response character­

istics.

The phase-lead compensation is also 
applicable when ±  6-volt power supplies 
are used, and provides a unity-gain cross­
over improvement of about one octave 
as compared to the uncompensated con­
nection. As mentioned earlier, the phase- 
lag capacitance requirement for ±  12-volt 
supplies shown in Fig. 4 is satisfactory 
for ±  6-volt supplies, although smaller 
capacitors could be used with the lower 
voltages.

Applications
F or all applications, ac and dc balance 

at the input must be preserved, i.e., the 
two inputs must be returned to ground 
through equal impedances.

50-dB Amplifier
Fig. 7 shows the circuit configuration 

and frequency response for a non-invert- 
ing. 50-dB amplifier employing phase- 
lead compensation. This amplifier has a

3-dB bandwidth of 3.5 MHz., and a 
unity-gain crossover at 150 MHz.

10-dB, 42-M Hz Amplifier
Fig. 8 shows the circuit diagram and 

frequency response for a 10-dB, non­
inverting amplifier employing both phase- 
lead and phase-lag compensation. Slight 
peaking (2 dB) occurs for the phase com­
pensation shown. Flat response with 
bandwidth reduction to 25 MHz may be 
obtained by use of a phase-lag capaci­
tance of 15 picofarads.

4 7 0 p F

Fig. 7 - Circuit diagram and response 
curve for a 50-dB. non-inverting ampli­

fier with phase-lead compensation.

Twin-T Bandpass Amplifier
Fig. 9 shows the circuit diagram and 

frenuency response of a bandpass ampli- 
fie using a twin-T network in the feed- 
ba ;k loop. The difference in resonant 
frequency between the bandpass-ampli- 
fier response and the twin-T network re­
sponse is caused by device capacitances 
and loading effects. The unloaded Q 
(Q<>) of the twin-T network is 14.4; the 
Q<> of the bandpass amplifier is 12.8.

The symmetrical twin-T network can 
be designed by use of the following 
equations:

curve for a 10-dB, non-inverting ampli­
fier with phase-lead and pluise-lag com ­

pensation.

R, =  2 R,
C, =  I  C,. 
f„ =  1 /(2 ttR C )

It is im portant in the design of this type 
of bandpass amplifier that the two inputs 
be returned to ground through equal 
resistances; in this case a value of 2000 
ohms is used.

20-dB, 10-MHz Bandpass 
Amplifier

Fig. 10 shows the circuit diagram and 
frequency response of an RLC bandpass 
amplifier. This amplifier is designed to 
have a Q<> of about 10 (Rp =  X,Q<, 
=  2200 ohms) and a gain of about 
20 dB at resonance (2200/200 =  11, or

Fig. 9 - Circuit diagram and response 
curves for a bandpass amplifier using a 

twin-T network.
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20.9 dB ). In  this application, the inputs 
are effectively grounded.

Voltage Follower
A voltage follower is a non-inverting, 

unity-gain amplifier used primarily to 
transform  from a high impedance to a 
low impedance. Because low voltages are 
usually associated with high-impedance 
sources, the voltage follower need not 
have a great voltage capability.

Fig. 11 shows the circuit diagram for a 
voltage follower using the CA3015, to­
gether with a curve of maximum undis­
torted output voltage as a function of 
load resistance. When terminals 5 and 9 
are shorted (or terminals 8 and 12 of 
the CA3016), the voltage follower is 
capable of transforming a 3.4-volt peak- 
-to-peak voltage from a 100,000 ohm 
source to a 470-ohm load.

If higher voltage-swing capability is 
desired, the positive supply voltage (Vcc) 
may be increased. Temperature derating 
may be necessary, depending on the mag­
nitude of Vcc and whether the high- or 
low-current mode is used.

Reference
1. “Application of the RCA CA3008 and 

CA3010 Integrated-Circuit Operation­
al Amplifiers”, RCA Integrated C ir­
cuits Application Note ICAN-5015, 
November 1965.

Fig. 10 - Circuit diagram and response 
curve for a 10-MHz R LC  bandpass 

amplifier.

Fig. 11 - Circuit diagram for a voltage 
follower driven from  a 100,000-ohm  
source, and curve showing maximum  
undistorted output voltage as a function 

o f load resistance.
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AWV POWER TRANSISTORS
2 N 2 8 6 9 / 2 N 3 0 1 2 N 2 8 7 0 / 2 N 3 0 1A  2 N 3 0 1  2 N 3 0 1 A

GERMANIUM P-N-P POWER TRANSISTORS
For AF Power-Amplifier and other 
Large-Signal Applications in Commercial, 
Industrial, and Military Equipment

A W V  2 N 2 8 6 9 /2 N 3 0 1 , 2 N 2 8 7 0 /2 N 3 0 1 A , 2N 301 and  2N 301A , are  alloy-junction  pow er transis to rs o f the germ anium  
p-n-p type, designed fo r  use in  a w ide variety  o f applications in  com m ercial, industria l, and  m ilitary  equipm ent.

A W V  2 N 2 8 6 9 /2 N 3 0 1 , 2 N 2 8 7 0 /2 N 3 0 1 A , 2N 301 and  2N 301A  are particu larly  suitable fo r use in  class A  and  class B of- 
output-am plifier stages o f  autom obile rad io  receivers and  m obile com m unications equipm ent. T hey  are also capable  o f providing 
very efficient p e rfo rm ance  in  dc-to-dc and  dc-to-ac pow er conversion circuits.

T he 2 N 2 8 7 0 /2 N 3 0 1 A  and  2N 301A  have a low er collector-to-em itter sa tu ra tion  voltage (—0.3 vo lt typical, —0.5 vo lt 
m ax.) th an  fo r the 2 N 2 8 6 9 /2 N 3 0 1  and  the 2N 301 (—0.4 volt typ., —0.75 volt m ax.).

• H ig h  B reakdow n V oltages 
B V „ i0 fo r 

2 8 7 0 /2 N 3 0 1 A  =  - 8 0  m in.
2 N 301A  =  - 6 0  min.
2 N 2 8 6 9 /2 N 3 0 1  =  - 6 0  min.
2N 301 =  - 4 0  min.

•L o w  S a tu ra tion  V oltages
V CE( sat)  fo r 2 N 2 8 7 0 /2 N 3 0 1 A  and  2N 301A  =  - 0 . 3  volt typ.
V CE( aat) fo r 2 N 2 8 6 9 /2 N 3 0 1  and  2N 301 =  - 0 . 4  volt typ.

• V e ry  Low  C ollec to r S atu ra tion  C u rren t
IcBo(sat) =  - 1 0 0  mA  m ax. a t V CB =  - 0 . 5  volt
A ssures E xcellent O perating  Stability  fo r W ide T em pera tu re  V ariations

2 N 2 8 6 9 / 
2 N 3 0 T

2 N 2 8 7 0 /  
N 3 0 1 A

2 N 3 0 1
2 N 3 0 1 A

•  H igh D issipation  C apability  .............. 30 12.5
•  H igh C ollector C u rren t C apability  . 10 5
•  E xcellent B eta L inearity  —  essentially

linear u p  to  ............................................ 10 5
•  Pow er O u tpu t— a t V co =  14.4 volts

C lass A i single ended 5 5
C lass B push  pull 12 10

•  H igh Large-Signal (D C ) B eta — 90 90
•  H erm etically  Sealed JE D E C  TO -3 Package

w atts
A m p. m ax. 

A m p.

Typ.

M A X IM U M  R A T IN G S . A B S O L U T E -M A X IM U M  V A L U E S :
2 N 2 8 7 0 /
2 N 3 0 1 A

C ollector-to-B ase V oltage,
Vcbo .....................................  —80

C ollector-to -E m itter V oltage
Vceo .....................................  —50

E m itter-to -B ase V oltage,
V ebO ............................................ 10

C ollector C u rren t, I c ............ —10
E m itte r C u rren t, IE ..............  +10
Base C urren t, IB ........................  —3

2 N 2 8 6 9 /
2 N 3 0 1 A 2 N 3 0 1 2 N 3 0 1

— 60 — 60 - 4 0 volts

—32 —50 - 3 2 volts

- 5 - 1 0 - 5 am ps
- 5 - 1 0 - 5 am ps
+ 5 +  10 - 5 am ps
- 1 - 3 - 1 am ps
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T R A N S IS T O R  D IS S IP A T IO N :
A t M ounting F lange T em peratu res*—

U p to  - 5 5 °  C  .....................................................
- 8 1 °  C  .....................................................

A bove + 5 5 °  C  ......................................................

T E M P E R A T U R E  R A N G E :
Storage and O perating  (Ju n c tio n ) ..............

P IN  T E M P E R A T U R E  (D uring  S o ld e r in g ): 
A t distance o f no t less th an  A "  from

seating surface fo r 10 seconds m ax .........
*M easured a t cen tre  o f seating surface.

2 N 2 8 6 9 / 2 N 3 0 1
2 N 2 8 7 0 / 2 N 3 0 1 A

30

See Fig. 1

-65  to  + 1 0 0

255

2 N 3 0 1
2 N 3 0 1 A

12.5 
See Fig.

255

w atts
w atts 15

-75 -50 -25 0  25 50 75 100 

MOUNTING— FLANGE TEMPERATURE— °C.

Fig. 1 —  Rating Chart fo r Types 
2 N 2 8 6 9 /2 N 3 0 1 , 2 N 2 8 7 0 /2 N 3 0 1 A ,  
2N301 and 2N 301A .

Electrical Characteristics, at a M ounting-Flange Temperaturel TMF*, o f 25° C

TEST CONDITIONS LIMITS

Characteristics Symbols

DC
Collec-
tor-to
Base
Volt­
age
VcB

DC
CoHec-
tor-to

Em itter
Volt­
age
VCE

DC
Collec­

tor,
Current

Ic

DC
Emitter
Current

Ie

DC i 
Base 

Current

Ib

Type

2N 2896/
2N301

2N301

Type

2N 2870/
2N301A

2N301A
Units

Volts Volts Amp. mA Amp. Min. Typ. Max. Min. T yp . Max.

Collector-to-Base 
Breakdown Voltage BVcbo -0 .0005 0

- 6 0
- 4 0 — —

- 8 0
- 6 0 — — Volts

Collector-to-Emit- 
ter Breakdown 
Voltage BVceo - 0 .6 0

- 5 0
- 3 2 — —

- 5 0
— 32 — — Volts

Emitter-to-Base
Breakdown Voltage BVebo 0 - 2 - 1 0 ' — — - 1 0 — — mA

Collector-Cutoff
Current IcBO - 3 0 0 — —

0.5
3.0 — —

0.5
3.0 mA

Saturation Collec­
tor-Cutoff 
Current IcBo(sat) - 0 .5 0 — — 0.1 — — 0.1 mA

DC Forward-Current 
Transfer Ratio hl’E - 2 - 1 50 90 165. 50 90 165 —

Base-to-Emitter
Voltage V be - 2 - 1 — - 0 .3 - 0 .5 — - 0 .3 -0 .5 Volt

Collector-to-Emit- 
ter Saturation 
Voltage V c E ( s a t ) - 1 0 - 1 — -0 .4 -0 .75 — - 0 .3 -0.75 Volt

Gain-Bandwidth
Product fr - 2 - 1 200 450 — 200 450 — kHz
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T Y P IC A L  O P E R A T IO N  F O R  T Y P E S  2 N 2 8 6 9 /2 N 3 0 1 , 
2 N 2 8 7 0 /2 N 3 0 1 A , 2N 301 A N D  2N 301A  IN  T H E  CLA SS B 
P U S H -P U L L  A U D IO  P O W E R -A M P L IF IE R  C IR C U IT  O F 
F IG . 2:

A t M ounting-Flange Temperature o f 80° C 
and Signal Frequency o f 400 cps 
Unless otherwise specified, values 

are for two transistors.

D C  Supply  V oltage ....................................... —14.4 volts

Zero-Signal D C  C ollector C u r r e n tD ......... —0.05 am p

Zero-Signal D C  B ase-to-E m itter V oltage —0.13 volt

Peak C ollector C u rren tD  ............................. —2 am p

M ax.-Signal D C  C ollector C u rren tD  ....  —0.64  am p

Signal-Source Im pedance (p e r base) ....  10 ohm s

L oad  Im pedance  (P e r  C o llec to r) ......... 6 ohm s

Pow er G ain*  ...................................................  30 db

M ax.-Signal Pow er O utpu t*  .....................  12 w atts

T o ta l H arm o n ic  D isto rtion  (A t Pow er
O u tp u t o f 12 w atts) .................................. 5%

m ax.

C ircu it Efficiency. (A t P o w er O u tpu t o f
12 w atts) •  ...................................................  67 %

C ollector D issipation  (P e r  T ransis to r at
P ow er O u tpu t o f 12 w atts) ................  3 w atts

•  M easured  a t the p rim ary  o f the ou tp u t tran sfo rm er. 
D P e r transisto r.

Fig. 2— Class B Push-Pull A F  Power-Amplifier 
Circuit Utilizing Types 2N 2869/2N 301, 2N 2870 /  

2N 301A , 2N301 and 2N 301A .

B : 14.4-volt supply

C , : 1000 /xf, electro ly tic, 25 volts

R , : T herm isto r, 28 .25 ohm s a t 0 °  C , 10 ohm s a t 25° C , 4.05 
ohm s a t 50° C

R 2: 5 .6  ohm s, 0.5 w att

R 3: 270 ohm s, 1 w att

T , : D river T ran sfo rm er: P rim ary  Im pedance  determ ined  by 
large-signal considerations o f th e  d river unit. Secondary  
Im pedance  =  40 ohm s cen te r tapped.

T 2: O u tp u t T ran sfo rm er: P rim ary  Im pedance  =  24 ohm s 
c e n te r  ta p p e d , S e c o n d a ry  Im p e d a n c e  =  v o ic e -c o il 
Im pedance.

Fig. 3—

Typical Collector
Characteristics
fo r  Types
2N 2869/2N 301,
2 N 2870/2N 301A ,
2N301 and
2N 301A .

COMMON-EMITTER CIRCUIT, BASE INPUT 

MOUNTING-FLANGE TEMPERATURE =  25 C

BASE M ILLIAMPERES (B)

COLLECTOR-TO-EMITTER VOLTS CCE)
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BASE TO EMITTER VOLTS (VBE)

Fit;. 4— Typical In p u t Characteristic 
f o r  T y p e s  2 N 2 8 6 9 / 2 N 3 0 1  a n d  

2 N 2 8 7 0 /2 N 3 1 0 A .

MOUNTING-FLANGE TEMPERATURE (TMF)--25C

| 
CO

LL
EC

TO
R 

A
M

PE
R

ES
 

('C
)

f>

-2 N- D ll

NL

Fig. 5— Typical Transfer Characteristic  
fo r  Types 2 N 2 8 6 9 /2 N 3 0 1 , 2N 2870J  
2 N 3 0 1 A , 2N 301  and 2 N 3 0 1 A , Types  
2 N 2 8 6 9 /2 N 3 0 1 , 2 N 2 8 7 0 /2 N 3 0 1 A .

F ig . 6 — T y p ic a l C u r r e n t-T r a n s fe r  
C haracteristic fo r  types 2 N 2 8 6 9 /  

2N 301  and  2 N 2 8 7 0 /2 N 3 0 1 A .

O P E R A T I N G  C O N S I D E R A T I O N S
T he m axim um  ratings in the tab u ­

lated data  are  established in accordance 
w ith the follow ing definition of the 
A bso lu te -M ax im um  R a ting  System  for 
ra ting  elec tron  devices.

A b so lu te -M a x im u m  ra t in g s  a re  
lim iting values o f operating  and en ­
v ironm ental conditions applicable to  
any elec tron  device o f a specified type 
as defined by its published data , and 
should not be exceeded under the 
w orst probable conditions.

T he device m an u fac tu re r chooses 
these values to  provide acceptable 
serviceability o f the device, taking no 
responsibility fo r equ ipm ent variations, 
env ironm ent variations, and the effects 
o f changes in operating  conditions due 
to  variations in device characteristics.

T he equipm ent m anu fac tu re r should 
design so tha t initially  and th roughou t 
life no absolute-m axim um  value fo r the 
intended service is exceeded w ith any 
d e v ic e  u n d e r  th e  w o rs t p ro b a b le  
operating  conditions w ith respect to  
supply-voltage varia tion , equipm ent 
compor^ent varia tion , equipm ent con ­
trol adjustm ent, load variation , signal 
variation, environm ental conditions, 
and variations in device characteristics.

In class. A  service, to  ensure stable 
operation  and low distortion, it will be 
necessary to  provide som e degenera­
tion in the em itter circuit. This 
degeneration  m ay be accom plished by 
using an  unbypassed resistor in the 
em itter circuit.

In  class B service, if the 2 N 2 8 6 9 / 
2N 301, 2N 28 7 0 /2 N 3 0 1  A, 2N 30I or 
2N 301A  is operated  near its m axim um  
collector voltage rating , it is im portan t 
tha t circu it a rrangem ents be m ade to  
preven t therm al runaw ay. A  con ­
venient m ethod is to  reduce the base-to- 
em itter fo rw ard  voltage by an am ount 
equal to  approxim ately  0 .002 volt fo r

each degree centigrade th a t the m ount- 
ing-flange tem pera tu re  is above 25° C.

In the design of circuits using the 
A W V -2 N 2 8 6 9 / 2 N 3 0 1, 2 N 2 8 7 0 /  
2N 301A , 2N 301 and 2N 301A  it is 
extrem ely  im portan t to  assure th a t the 
m axim um  junction -tem pera tu re  ra ting  
o f 100° C  is not exceeded. T his con ­
sideration  is especially im portan t in 
af-am plifier and o ther applications 
involving com plex signal w aveform s 
and o ther fac to rs capable of producing  
high peak value o f dissipation, such as

(a )  oscillation or "ringing” due to  
excessive or im properly  n eu tra ­
lized feedback

(b ) phase shifts due to  c ircu it capa­
citances a n d /o r  reactive loads

(c ) variations in load im pedance
(d ) overdriv ing of transistors
(e ) high line voltage
Because of the short therm al tim e 

constan t o f the A W V -2N 2869 /2N 301 , 
2 N 2 8 7 0 / 2 N 3 0 1  A , 2 N 3 0 1  a n d  
2 N 3 0 1 A  (a p p r o x im a te ly  15 m ill i­
seconds), the rise in junction  tem pera­
ture produced w hen so-called “instan ­
taneous” peak values of dissipation are 
sustained fo r longer th an  15 m illi­
seconds m ay be as g rea t as 1.5° C  per 
w att. T he circuit designer, therefore , 
m ust select operating  conditions such 
tha t no possible com bination  o f the 
factors listed above, o r any o ther 
operating  condition  will cause the 
junction  tem pera tu re  to  rise above 
100° C.

Because the m etal shells o f these 
transistors operate  at the collector vol­
tage, consideration  should .be given to 
the possibility o f shock hazard  if the 
shells are to operate  a t a voltage 
appreciab ly  above o r below ground 
potential. In such cases, suitable p re­
cau tionary  m easures should be taken.

T h e  2 N 2 8 6 9 / 2 N 3 0 1 , 2 N 2 8 7 0 /  
2N 301A , 2N 30I and  2N 301A  should 
no t be connected  in to  o r d isconnected 
from  circuits w ith the pow er on  be­
cause h igh transien t cu rren ts m ay 
c a u s e  p e r m a n e n t  d a m a g e  to  th e  
transistors.

T hese transisto rs can  be installed in 
com m ercially  available sockets. E lec­
trical connection  to the base and 
em itter pins m ay also be m ade by sol­
dering directly  to these pins. Such con ­
nections m ay  be soldered to  the pins 
close to  the pin seals p rovided care is 
taken  to  conduct excessive heat away 
from  the seals. O therw ise the heat o f 
the soldering operation  will crack  the 
pin seals and  dam age the transistor.

It is essential th a t the m ounting 
flange w hich serves as the collector ter­
m inal be securely fastened to  a heat 
sink, w hich m ay be the equipm ent 
chassis. U N D E R  N O  C IR C U M ­
ST A N C E S, H O W E V E R , S H O U L D  
T H E  M O U N T IN G  F L A N G E  BE 
S O L D E R E D  TO  T H E  H E A T  SIN K  
O R  C H A SSIS B E C A U SE  T H E  H E A T  
O F  T H E  S O L D E R IN G  O P E R A T IO N  
W IL L  P E R M A N E N T L Y  D A M A G E  
T H E  T R A N SIST O R .

T he  m ounting-flange tem pera tu re  of 
th e  '2 N 2 8 6 9 / 2 N 3 0 1 ,  2 N 2 8 7 0 /  
2 N 3 0 IA , 2N 301 of 2N 301A  will be 
h igher th an  the am bien t (free-a ir) 
tem pera tu re  by an  am oun t w hich 
depends on the heat sink used. T he 
heat sink m ust have sufficient therm al 
capacity  to  assure th a t the heat dissi­
pated  in the heat sink itself does not 
raise the transistor-m ounting-flange 
tem pera tu re  above the design value.

D epending on the application , the 
heat sink or chassis m ay be connected 
to  e ither the positive o r negative ter­
m inal o f the voltage supply.

COMMON-EMITTER CIRCUIT, BASE INPUT 
MOUNTING-FLANGE TEMPERATURE (’MF) =  25°C 
COLLECTOR-TO-EMITTER VOLTS fCE) =  -1.5
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In  applications w here the chassis is 
connected  to  th e  positive term inal of 
the voltage supply, it will be necessary 
to use an  anodized alum in ium  w asher 
having high therm al conductivity , o r a 
0 .002" th ick  m ica insu lator betw een 
the m ounting  flange and the chassis. If 
an  alum inium  w asher is used, it should 
be drilled o r punched  to  prov ide the 
tw o m ounting  holes and  the clearance 
holes fo r the em itter and base pins. 
T he burrs should then  be rem oved from  
the w asher and  the w asher finally 
anodized. T o  ensure tha t the anodized 
insulating layer is no t destroyed during 
m ounting, it will also be necessary to  
rem ove the burrs from  the holes in the 
chassis. F u rth erm o re , to  preven t a 
sho rt circu it betw een the m ounting

bolts and  the chassis, it is im portan t 
th a t a  fibre w asher be used betw een 
each  bo lt and  the chassis as show n in 
Fig. 7.

A n insulated  m ounting  arrangem ent 
such as th a t described in th e  preceding 
parag rap h  and  show n in  Fig. 7 is also 
necessary  w hen Type 2 N 2 8 6 9 /2 N 3 0 1 , 
2N 2 8 7 0 /2 N 3 0 1  A, 2N 301 o r 2N 301A  
transisto rs are  used in  class B push- 
pull af-am plifier stages o f the type 
show n in  Fig. 2. In  such stages the 
m ounting  flanges o f the tw o transistors 
m ust be insulated from  the chassis o r 
heat sink and from  each o th er to  avoid 
short-circu iting  the p rim ary  w inding of 
the ou tpu t transform er.

T h e  fo llo w in g  m o u n tin g  h a rd w a re

item s, are  available for these transistors.
1 m ica w asher A W V  P a rt N o. 49910
2 insulating bushes P a rt N o. 49900  
2 flat m etal w ashers
6BA x 22G  
2 lugs 5 /3 2  tinned 
brass
2 screw s ¥ '  x 6BA 
2 nu ts 6BA
2 lock w ashers 
W here low therm al 
to  hea t sink— is im p o rtan t the use of 
silicone grease (D ow  C orning C om ­
pound  type 340) betw een the transistor 
m ounting  flange and  the m ica w asher 
and  betw een the m ica w asher and  the 
hea t sink, is advised.

P a rt N o. 49930

P a rt N o. 49940 
P art N o. 49950  

P a rt N o. 49960 
P a rt N o. 49920 
resistance— case

D IM E N S IO N A L  O U T L IN E  F o r
Types 2N 2 8 6 9 /2 N 3 0 1  and  2 N 2 8 7 0 /2 N 3 0 1 A  

JE D E C  N o. TO-3

6 - 3 2SCREW
NOTE I

S P R IN G -T Y P E  
LOCK W ASHER'

MOUNTING FLANGE 
(COLLECTOR)

CHASSIS 
(HEAT SINK)

LUG AND 
CONNECTING 

WIRE

9 2 C S - I I0 0 8

Fig. 7— Suggested M oun ting  A rrangem en t fo r  Types  
2 N 2 8 6 9 / 2 N 3 0 1 , 2 N 2 8 7 0 / 2 N 3 0 1 A ,  2 N 3 0 1  a n d  
2 N 3 0 1 A .

N O T E  1: 0 .002" M IC A  IN S U L A T O R  O R  A N O - 
D IS E D  A L U M IN IU M  IN S U L A T O R  (D R IL L E D  
O R  P U N C H E D  W IT H  B U R R S R E M O V E D ).

N O T E  2: 
HOLES.

R E M O V E  BU RRS FR O M  CH A SSIS

T E R M IN A L  C O N N E C T IO N S  
FLANGE Pin 1— Base

Pin 2— E m itter 
M ounting F lan g e - 

C ollector. Case

For
A LL  D IM E N S IO N S  IN IN C H E S. 

A W V -2 N 2 8 6 9 /2 N 3 0 1 , 2N 28 7 0 /2 N 3 0 1  A, 2N 301 and 
2N 301 A.

M ounting  F lange Thickness (A )  0.032 ±  0 .003"
Pin Length (B ) 0.433 ±  0.012 

N O T E  1: T H E S E  D IM E N S IO N S  S H O U L D  BE M E A S U R E D  
A T P O IN T S  .050" ( 1 .270M M ) to  .055" ( 1 .397M M ) BELO W  
SE A T IN G  P L A N E . W H E N  G A G E  IS N O T  U SED , 
M E A S U R E M E N T  W IL L  BE M A D E  A T  S E A T IN G  PL A N E . 
N O T E  2: TW O  LEA D S.
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PHASING IN STEREOPHONIC 
SOUND SYSTEMS

W. Eason, A.S.T.C., A.M.I.E. (Aust.), M.I.R.E.E.
AWV APPLICATIONS LABORATORY, RYDALMERE, N.S.W.

S tereophonic sound rep roduction  has 
now been available fo r about ten  years 
and  a good p ropo rtion  o f audio 
system s sold; w hether they be small 
po rtab le  g ram ophones, rad iogram s or 
hi-fi systems, all have  facilities fo r 
playing stereo  reco rds and  som etim es 
stereo  tapes. W hen  a stereo  system  is 
purchased  as a com plete unit, the 
purchaser has no problem  in its use, as 
it is already  co rrec tly  arranged . B ut in 
the case w here the system  is pu rchased  
as individual units, o r has been built 
by th e  ow ner, then  the user m ust 
in terest him self in the co rrec t m anner 
o f  c o n n e c t in g  th e  v a r io u s  u n its  
together.

A lthough  the general in terconnection  
o f the units presen ts no  problem s, it is 
im portan t th a t th e  co rrec t polarities fo r 
the signal leads be observed. T o 
sim plify this problem , each  channel o f 
the system  should  be perm anently  
identified as “righ t” and  “le ft.” In  
connection  w ith  th e  speakers th e  rig h t 
and  left speakers are  ad jacen t to  th e  
righ t and left hands respectively o f  an  
observer standing in fro n t o f and  facing 
the speaker system . R eversed speakers 
will p roduce a m irro r im age o f the 
orig inal sound  system  and  the effect 
on the rep roduction  w ould be to  reverse 
the apparen t location  o f sounds from  
each side. T his m ay reduce the realism  
o f the stereo rep roduction  fo r m any  
listeners.

Follow ing the co rrec t connection  of 
th e  individual channels to  the ir respec­
tive righ t and left speakers, it is still 
possible to connect th e  speakers in  one 
o f  tw o phase relationships. T hey  m ust 
be connected  so th a t the ir cones m ove 
in phase, i.e., each speaker in a com ­
b ination , w hether stereo  o r m ono , 
m ust m ove the a ir co lum n in the sam e 
direction  a t any instan t w hen fed  w ith 
identical signals.

W hen the signals fed to  each 
speaker are  identical and  the speakers 
have the sam e acoustic efficiency, a 
listener in a position  equid istan t from

each speaker will have each  ear excited 
by a signal identical in am plitude and 
phase o r tim e. T he ear p rim arily  senses 
tim e differences to  identify  the source 
o f th e  sound and, since the above 
signals w ould be the sam e as a point 
source of the sam e sound, it is heard  
as a point source located in the area 
about m idw ay betw een the speakers.

D em onstra tion  of the above-m en­
tioned effect can  be m ade very readily  
w ith single tone sources. T he effect o f 
the phase reversal in one speaker can  
be no ted  and  it w ill be found  tha t, as 
the listener m oves about, the sound 
source will no t m ove sm oothly b u t will 
appear from  various discrete positions. 
This is due to  the signals a t the ears 
som etim es being in phase and equal 
and  a t o ther tim es hav ing  different 
relationships. I t  m ust be rem em bered  
th a t com m only  occurring  audio  fre ­
quencies have  half-w ave lengths over 
the range o f 1 to  2 feet, e.g., a  fre ­
quency of 400  hertz  has a  half-w ave 
length of approxim ately  16 inches. 
T his is the d istance betw een the a lte r­
nate  com pressions and ra refac tions in 
the sound  wave and  fo r a single tone is 
the d istance requ ired  to  produce , in 
effect, a  reversal o f its phase. T h eo r­
etically, therefo re , in  the case w here 
one speaker is incorrectly  connected , 
it w ould  be possible fo r the listener, by 
m oving closer to  one speaker th an  the 
o ther, to  find a  position  w here the 
sound from  the  tw o speakers is again 
co rrectly  phased  a t a single frequency.

C hange o f frequency  will have a 
sim ilar effect and  on a p rog ram m e all 
frequency  com ponents could  be con ­
fused if speaker phasing is incorrect. 
E ven though  one could surm ise tha t 
w ith p rog ram m e m aterial th e  ear 
could  have difficulties d ifferentiating 
betw een a co rrectly  and  incorrectly  
phased speaker system , it is found  th a t 
norm al experience enables the b ra in  to 
fo rm  a p a tte rn  fo r the sound obtained 
from  n a tu ra l sources. This w ould not 
be the  case if one speaker was o u t o f

phase, since the sound  sources w ould 
no t resem ble any n a tu ra l o r fam iliar 
type of sound  system.

C o rrec t phasing  o f th e  speaker cones, 
therefore , is essential to  allow  the 
rep roduction  o f sound  as it was 
received by the record ing  m icrophones. 
T h is is the in ten tion  and  is th e  reason 
fo r the phasing o f the speaker cones 
in  the initial set-up. F o r  this purpose 
the “M ono-S tereo” sw itch is o ften  used 
by sw itching to  the m ono  position  and 
listening to  th e  ou tpu t o f th e  speakers. 
T he listener should position  him self as 
fa r  from  each  speaker as th e  speakers 
a re  ap a rt and  if th e  speakers a re  phased 
co rrectly  th e  ap p aren t source o f sound 
will be determ ined  by the position  of 
the balance contro l o f th e  stereo 
system.

R o ta tion  of the balance con tro l will 
p roduce  a sm ooth  ap p aren t m ovem ent 
o f th e  sound  source from  one speaker 
to  th e  o ther. A  tw o to  one ra tio  in 
sound level from  the speakers is 
sufficient to  sh ift th e  ap p a ren t sound 
source to  th e  h igher level speaker. A ny 
difficulties in identifying the sound 
source will p robab ly  ind icate  incorrec t 
phasing in  one speaker.

I f  iden tical am plifiers are  used a 
phase reversal can  occur either in the 
speakers o r th e  p ickup  connections. 
W ith the “M ono-S tereo” sw itch in  the 
“M ono” position, possible incorrect 
co n n ec tio n s, to  th e  p ickup  can  be 
detec ted  and  correc ted  by reversing the 
connections to  one o f the speakers.

In co rrec t phasing  can  occu r in 
m aking  th e  connection  to  the  p ickup. 
T his is unlikely  w hen  the  p ickup  is 
fitted w ith  only  th ree  leads, since the 
com m on, righ t and left connections are 
generally  c learly  m arked . In  the case 
o f tw o pairs o f leads, confusion m ay 
result and, unless each  lead  is clearly 
indicated , reference  should be m ade 
to  the m anu fac tu re  o f the p ickup.
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NEWS & New Releases

RCA INTEGRATED CIRCUITS
T he follow ing linear in tegrated  circuits have recen tly  been announced  by R C A .

C A 3020 M ultistage, M ultipurpose A F  pow er am plifier on  a single
m onolith ic  silicon chip. T his circu it has an A F  pow er ou tpu t 
capability  o f 550  m W  fro m  a 9V  supply.
These are  a series o f low -pow er w ideband am plifiers suitable for 
use as gain contro lled  L inear A m plifiers, A M , F M , IF  Am plifiers, 
V ideo A m plifiers and  L im iters.

This c ircu it features a  balanced  differential am plifier w ith a 
con tro lled  constan t cu rren t source, it is suitable fo r operation  from  
D C  to  120M H z and  has m any  applications including converter, 
lim iter, m ixer and oscillator use.

These tw o circuits a re  opera tional am plifiers fea tu ring  the 
dual-in-line package w hich enables easy m ounting  on p rin ted  
circu it boards and  enables h igher packing densities.

C A 3031/702A 'V  B oth these circuits a re  h igh gain D C  am plifiers suitable fo r use 
C A 3 0 3 2 /7 0 2 C J  in h igh speed da ta  p rocessing equ ipm ent, critical in strum entation  

equ ipm en t and  in o th e r applications requ iring  un ifo rm  am plifi­
cation  over a w ide frequency  range.

C A 3021
C A 3022
C A 3023

C A 3028

C A 3 0 2 9 \  
C A 3030J

RCA TRIACS
Gated Bidirectional Silicon 
Thyristors For AC Load Control

RCA Developmental Types TA2918 
and TA2919 are gate-controlled full- 
wave ac silicon switches designed to 
switch from a blocking state to a con­
ducting state for either polarity of ap­
plied voltage with positive or negative 
gate triggering.

They are intended primarily for the 
phase control of ac loads in applications 
such as light dimming, universal and in­
duction motor control, and heater 
control.

The TA2918 and TA2919 are her­
metically sealed in all-welded tin-plated 
modified TO-5 packages. The small size 
of this package makes these devices 
especially suitable for use in equipment 
where space restrictions are of prime 
importance. In addition, because they are 
tin-plated, they can be soldered directly 
to a heat sink, thereby allowing the use 
of mass-produced pre-punched parts, and 
batch soldering techniques to eliminate 
many of the difficulties associated with 
mechanical mounting and heat sinking.

These thyristors have a conduction 
current capability of 6 amperes (rms 
value) at a case temperature of +  75° C. 
The TA2918 has a peak blocking voltage 
rating of 200 volts; the TA2919, 400 
volts.

Features
• T A 2918 controls 600 watts at 120 volts, 

60 Hz
• TA2919 controls 1200 watts at 240 

volts, 60 Hz
• Short-emitter design
• Uniform gate sensitivty in all 4 oper­

ating modes
• All-diffused construction —  assures

TA2918

For 120-Volt 

Line 

Operation

TA2919

For 240-Volt 

Line 

Operation

ANODE-No.2 TO ANODE-No.l 
E l C H A R A C T ER IST IC S
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