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LINEAR AND DIGITAL INTEGRATED CIRCUITS
We are proud to introduce a comprehensive range of integrated circuits of the single-chip, monolithic silicon, 

passivated, epitaxial construction.
The Linear Range covers requirements for application from DC to 100 Mc/s with the inherent temperature 

stability of the basic circuit permitting operation from —55°C to -f- 125°C.
To mention but a few possible applications—do you need a D.C. Amplifier, Video Amplifier, R.F. or I.F. 

Amplifier, Wideband Amplifier and Discriminator, A.F. Amplifier, Schmitt Trigger, Comparator, Operational 
Amplifier, Sense Amplifier.

Digital Circuits in the range have extremely low power requirements (2.3 mW per gate) and, we believe, 
the highest commercially available speeds (3.6 nS.).

DIGITAL INTEGRATED CIRCUITS
Digital integrated circuits are supplied in 14-lead, hermetically sealed, ceram ic and m etal flat packages.

D IG IT A L  IN T E G R A T E D  CIRCU ITS are aimed specifically at the growing num ber of applications that 
require either:

•  extremely high-speed switching, or
•  extremely low power dissipation

U LTR A -H IG H -SPEED  ECCSL* (emitter-coupled 
current-steered logic) FA M IL Y  is specifically designed 
for 3rd-generation data-processing and scientific com 
puter applications in which high-speed operation is of 
param ount importance.

H IG H -SPEED  ECCSL* FA M ILY  has been designed 
for use in m ilitary com puter and control applications, 
and high-frequency digital comm unications equipment 
where high-speed and high-perform ance operation must 
be m aintained over a wide tem perature ranse (— 55°C 
to +  125°C).

LOW -POW ER DTL FA M ILY  offers extremely low 
power dissipation in high-performance circuitry of A ero
space, A irborne, and Portable Digital Equipm ent where 
high-density equipm ent packaging requires low heat 
generation and low power drain.

• Pronounced EX C EL

EM 1TTER-FO LLO W ER OUTPUTS in all the digital 
circuit families perm it driving of relatively high-capa- 
citance loads. In addition, all ECCSL digital families 
are capable of driving term inated transmission lines.

C O M PR EH EN SIV E A PPLICA TIO N  IN FO R M A 
TIO N  is given in associated application notes. These 
notes cover features; typical applications; logic func
tions; effects of power supply, tem perature and loading 
variations; and other significant considerations for 
equipm ent designers.

FLA T-PA C K A G E C A R R IER S. Each RCA inte
grated circuit in a 14-lead flat package is shipped in an 
individual carrier. The carrier provides maximum p ro
tection against dam age in handling and perm its electrical 
testing of the circuit without removal from the carrier.
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BROAD-CAPABILITY LINE
R C A ’s broad, new line of integrated circuits are designed to cover a wide spectrum of your circuit require

ments for both digital arid linear applications. These new integrated circuits offer:

•  single-chip, monolithic silicon, passivated, epitaxial construction
•  hermetically sealed TO-5 style packaging, and ceram ic and metal flat packaging
•  digital circuit coverage includes both extremely low power (2.3 mW per gate), and highest com m er

cially available speeds (3.6 ns)
•  linear circuit coverage from  DC to 100 Mc/s
•  all circuits tested on computerized, autom atic test equipm ent with param eter readout

LINEAR INTEGRATED CIRCUITS
Linear integrated circuits are supplied in hermetically sealed, low-silhouette TO-5 style m etal packages. 

O perational Amplifier types are  available in both TO-5 package and 14-lead ceramic and m etal flat package.

D IF F E R E N T IA L  A M PL IFIE R  C O N FIG U R A TIO N  
with built-in controlled constant-current source has been 
selected as the basic design unit for all RCA linear 
circuits.

A PPLIC A TIO N  V E R SA TILITY  of the basic differ- 
ential-amplifier configuration makes linear circuits 
extremely useful in a wide variety of applications—

• Push-pull amplifier • Schmitt trigger
• DC amplifier • AG C
• Video amplifier • Limiter
• R F  amplifier • Squelch
• IF  amplifier • One-shot m ulti
• A F amplifier vibrator
• Operational • Phase splitter

amplifier • Com parator
• Sense amplifier •  AM  detector
• M odulator •  Product detector

• Mixer

BASIC C IR C U IT  permits easy access to internal cir
cuit points and external circuit outboarding

IN H E R E N T  T E M P E R A T U R E  STA B ILITY  of the 
basic circuit perm its operation from — 55 °C to + 125°C

TEC H N IC A L-EC O N O M IC  C O M PA TIB ILITY  of 
the differential-amplifier construction, and the reliable 
monolithic silicon epitaxial process, provide excellent 
performance, excellent economy

IN H ER EN TLY  M A TCH ED  PAIRS of components 
offer excellent output-to-input isolation, no neutraliza
tion, and simplify feedback arrangements

C O M PR EH EN SIV E A PPLIC A TIO N  IN F O R M A 
TIO N  is given in associated application notes. These 
notes cover operating characteristics at different volt
ages; effects of tem perature and operating point on gain 
and frequency; detailed analysis of perform ance charac
teristics: cross-modulation, distortion, noise, phase com 
pensation. etc.; practical circuit designs for limiters, 
detectors, 10-Mc/s narrow -band tuned amplifier, 3-stage 
video amplifier, etc.
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LINEAR INTEGRATED CIRCUITS

T  Equipment 
Applications

Circuit
Applications

Max.
Input
Signal
Volts

Device
Dissipation

mW

Gain
dB

5.5 10.7 
mc/s mc/s

WIDE BAND AMPLIFIERS

CA3011 — Sound and FM  IF  Amplifier and Limiter, +  3 — 3 120 66 61

CA3012 General RF and IF  Wide Band Amplifier +  3 — 3 190 66 61

WIDE BAND AMPLIFIER DISCRIMINATORS

CA3013 TV and FM Sound and FM IF  Amplifier, FM Detector, +  3 — 3 120 66 60

CA3014 Receivers AM and Noise Limiter, Audio Preamplifier +  3 — 3 190 66 60

T Equipment 
yPe Applications

Circuit
Applications

Max.
Input
Signal

Voltage
V

Device
Dissipation

mW

Input
Offset

Voltage

mV

OPERATIONAL AMPLIFIERS

CA3008 Telemetry
Data-Processing 
Instrum entation 

CA3010 Communications

Operational Amplifier, Oscillator, Comparator, 
Feedback Amplifier, Narrow-Band and Band
pass Amplifier, Servo Driver, DC and Video 
Amplifier, Multivibrator, Balanced Modulator- 
Driver, Push-Pull Input

+  1 , - 2  

+  1 , - 2

30

30

1.0

1.0

RF AMPLIFIERS

CA3004

CA3005 Communications 

CA3006

Push-Pull Input and Output. Mixer, Limiter, 
M odulator, AGC, Detector, Wide and Narrow 

Band Amplifier, RF, IF , and Video Amplifier. 
CA3005 and CA3006 may also be used as 
cascode amplifier

+  3.5, — 3.5 

+  3.5, — 3.5 

+  3.5, — 3.5

26

26

26

1.7

2.6

0.8

VIDEO AMPLIFIERS

rA in m  Video Systems 
Communications

Push-Pull Input and Output, Mixer, AGC and 
Schmitt Trigger, M odulator, DC, IF , and Video 
Amplifier (may be AC coupled)

+  2.5, —2.5 60 1.5

DC AMPLIFIERS

Telemetry 
r^Ainnn Data-Processing 

Instrumentation 
Communications

Push-Pull Input and Output, AGC, Mixer, 
Sense Amplifier, Modulator, Schmitt Trigger, 
RC-Coupled Feedback Amplifier, Crystal Oscil
lator, Com parator

+  2, —2 30 1.4

IF AMPLIFIERS

CA3002 Push-Pull Input, AGC, Product Detector, AM +3.5, — 3.5 55 —
Communications Detector. RC-Coupled Cascoded Amplifier, IF Similar to CA3002 but features increased 

CA3003 ancj v ideo  Amplifier (may be AC coupled) gain and reduced device dissipation

AF AMPLIFIERS

CA3007 +2.5, —2.5 30 —
Communications Audio Amplifier, Audio Driver, Direct Coup- Similar to  CA3007 but features improved 
Sound Systems ling to Class B Audio Output Stage frequency response characteristic, increased

CA3009 gain, greater dynamic voltage range, and
greater versatility of application.
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LINEAR INTEGRATED CIRCUITS
Input

Lim iting
Voltage

mV

AM
Rejection

dB mV

A F  O utput

T H D
%

N oise
Figure

dB

O perating  
Tem p. 
Range 

0 C

WIDE BAND AMPLIFIERS

300 — — — 8.7 -55 to +125

300 — — — 8.7 -55 to  + 125

WIDE BAND AMPLIFIER DISCRIMINATORS

300 50 188 1.8 8.7 -55 to  +125

300 50 220 1.8 8.7 -55 to + 125

Inpu t
Bias

C urren t

mA

G ain

dB

C om m on 
m ode 

Rejection 
R atio  

a t 1 kc/s 
dB

— 3dB 
B andw idth

Input
Im pedance

S2

O utput
Im pedance

n

Associated 
A pplication  Note Type

OPERATIONAL AMPLIFIERS

5.3

5.3

60
at 1 kc/s 

60
at 1 kc/s

94

94

300 kc/s 

300 kc/s

14000 
at 1 kc/s

14000 
at 1 kc/s

200 
a t 1 kc/s

200 
a t 1 kc/s

IC A N — SOI 5

CA3008

CA3010

RF AMPLIFIERS

21 12
a t 100 M c/s 98 100 M c/s 1200 

a t 100 M c/s
2200 

at 100 M c/s CA3004

19 16
a t 100 M c/s 101 100 M c/s 1400 

a t 100 M c/s
2000 

a t 100 M c/s IC A N — 5022 CA3005

19 16
at 100 M c/s 101 100 M c/s 1400 

at 100 M c/s
2000 

a t 100 M c/s CA3006

VIDEO AMPLIFIERS

10 19
at 1 M c/s 70 16 M c/s 60000 

at 1.75 M c/s
60

a t 1.75 M c/s IC A N — 5038 CA3001

DC AMPLIFIERS

23 37
at 1 kc/s 98 650 kc/s 195K 

a t 1 kc/s
8000 

a t 1 kc/s IC A N — 5030 CA3000

IF AMPLIFIERS

20 24.4 
a t 1.75 M c/s — 11 M c/s 100K 

at 1.75 M c/s
70

a t 1.75 M c/s IC A N — 5036 CA3002

Sim ilar to  CA3002 but features increased gain and reduced device dissipation CA3003

AF AMPLIFIERS

>0-5 a t l 22kc/s 77 20 kc/s a t 7 k c ;s a t f ° kc/s IC A N -5 0 3 7  CA3007

Sim ilar to CA3007 bu t featu res im proved frequency response characteristic, increased gain, g reater dynam ic voltage range, CA3009
and greater versatility o f application
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DIGITAL INTEGRATED CIRCUITS

Type D escrip tion F eatu res
Type

Logic

“ 0 ”

V

Levels
“ j ”
V

ULTRA- HIGH-SPEED ECCSL* GATES (OR/NOR —  POSITIVE LOGIC)

CD2150

CD2151

CD2152

D U A L  
F O U R -IN P U T  G A TE

D U A L 
F O U R -IN P U T  G A T E  
W ith “ Phantom  O R " 

O utput C apability

E IG H T -IN P U T  G A T E  
W ith “P han tom  O R " 

O utput C apability

• extrem ely high-speed sw itching (n o n 
saturated  tran sis to r o p e ra tio n )— only 
3.6 ns tpd  (fan -o u t 1 +  10 p F )

• em itter-fo llow er low -im pedance o u t
pu ts— perm its large  fan -ou t driving 
capability

• integral reference-threshold  voltage 
supply—provides therm al and supply 
voltage tracking, p lus good noise 
im m unity

• capable o f driving term inated  100- 
ohm  transm ission  line— insures max. 
signal transm ission w ithout d istortion

E C L — 1.6 —0.76

ECL 1.6 —0.76

E C L  — 1.6 —0.76

HIGH-SPEED ECCSL* GATES (OR/NOR —  POSITIVE LOGIC)

CD2100

CD2101

CD2102

CD2103

CD2104

D U A L  
F O U R -IN P U T  G A T E

Q U A D R U P L E  
T W O -IN P U T  N O R  G A TE

J-K  F L IP -F L O P
W ith Set-R eset C apability

D U A L  F O U R -IN P U T  G A TE  
W ith “ Phantom  O R ” 

O utpu t C apability

E IG H T -IN P U T  G A T E

• high speed (resu lt o f non-satu rated  
transis to r o p e ra tio n )—6 ns tpd (fan 
ou t 1 +  10 p F )

» wide operating  tem pera ture  range 
— 55° C  to  + 1 2 5 ° C

• in tegral reference-threshold  voltage 
supply—provides therm al and supply 
voltage track ing  plus good noise 
im m unity

• em itter-fo llow er low -im pedance ou t
pu ts— perm its large fan-out driving 
capability

• capable o f driving term inated  300- 
ohm  strip line— insures max. signal 
transm ission  w ithout distortion

E C L  — 1.55 —0.75

E C L

E C L

ECL

ECL

-1.55 —0.75

Scheduled fo r 
A nnouncem ent 

in 1966

LOW-POWER DTL GATES (NAND —  POSITIVE LOGIC)

CD2200

CD2201

CD2202

CD2203

C D 2204 

CD2205

D U A L  
F O U R -IN P U T  G A T E  

W ith Inpu t E x pander N ode

Q U A D R U PL E  
T W O -IN P U T  G A TE

D U A L  F O U R -IN P U T  
G A T E -B U F F E R

J-K  F L IP -F L O P  
W ith  Set-Reset C apability

D U A L
F O U R -IN P U T  E X PA N D E R

D U A L  F O U R -IN P U T  G A TE  
W ith “ Phantom  O R ’’ 

O utpu t C apability

very low device d issipation— 2.3 mW  
per gate
wide operating  tem pera ture  range
— 55° C to  + 1 2 5 °  C
buffer circuit ou tpu t— m akes possible 
high capacitive-load driving capability

high noise im m unity— 1.2V typ. at 
25° C; 0.7V typ. a t 125° C
very low  device d issipation —  8mW  
typ.
high noise im m unity—clock lines, 
1.5 V; all o th er inputs, 1.2V

D TL

D T L

D TL

D T L

0.1

0.1

3.4

3.4

Scheduled fo r 
A nnouncem ent 

in 1966

0.1 3.4
• eight inpu ts: 2 D C  Set, 2 Split C lock,

2 “J ” C lock Steering, 2 “ K ” Clock 
Steering

Scheduled fo r  A nnouncem ent in 1966 

Scheduled fo r  A nnouncem ent in 1966

* Pronounced E X C EL
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DIGITAL INTEGRATED CIRCUITS

T em pera tu re
Range

O perating  C onditions
M ax. Fan-O ut P er G ate

T ypical C haracteristics a t T a =  25° C 
Propagation

Supply L oaded w ith D C  », . „  . D elay
V oltage U n_ T erm inated  In p u t Im^ t v  Dj^ ‘CJ ()n Associated
R ange loaded T ransm ission C u rren t Speed L oad A pplication  Type

Line N ote
V N o. 12 m A  V m W  ns fan -ou t

ULTRA- HIGH-SPEED ECCSL* GATES (OR/NOR —  POSITIVE LOGIC)

+ 1 0  to +  60 —4.5 to — 5.5 12 6 ioo 0.1 0.33 220 3.6 1 +  10 pF ICAN -5025 CD2150

+  10 to +  60 — 4.5 to — 5.5 12 6 100 0.1 0.33 175 3.6 1 +  10 pF ICAN-5025 CD2151

+  10 to +  60 — 4.5 to — 5.5 12 6 100 0.1 0.33 110 3.6 1 +  10 p F ICAN-5025 CD2152

HIGH-SPEED ECCSL* GATES (OR/NOR —  POSITIVE LOGIC)

— 55 to  + 1 2 5  

— 55 to  + 125

—4.68 to  

—4.68 to

— 5.72

— 5.72

12

12

6

6

300

300

0.05

0.05

0.32

0.32

88

120

5.6

5.6

1 +  10 p F  

1 +  10 p F

G enera l 
Features 
of ECL 

discussed 
in

ICAN-5025

CD2100

CD2101

Scheduled fo r A nnouncem ent in 1966 

Scheduled fo r  A nnouncem ent in 1966 

Scheduled fo r  A nnouncem ent in 1966

CD2102

CD2103

CD2104

LOW-POWER DTL GATES (NAND —  POSITIVE LOGIC)

*-55 to  + 1 2 5  + 3 .8  to  + 6 .3  6 

— 55 to  + 1 2 5  + 3 .8  to  + 6 .3  6

— —0.15 1.2

— —0.15 1.2

per” gate 100 6 +  60 p F  IC AN -5024 CD2200

2.3
per gate

Scheduled fo r A nnouncem ent in 1966

100 6 +  60 p F  ICAN-5024 CD2201

CD2202

-55 to  + 1 2 5  + 3 .8  to  + 4 .5 per O utpu t — —0.15 1.2 175 5 +  50 p F  ICAN -5024 CD2203

Scheduled fo r A nnouncem ent in 1966 

Scheduled fo r  A nnouncem ent in 1966

C D 2204 

CD2205

A pril, 1966

* P ronounced  E X C E L

27



Frequency Multiplication Using Overlay Transistors
BY: R. MINTON and H. C. LEE

INTRODUCTION
The “ overlay” transistor can be used in frequency- 

multiplier circuits to generate watts of harmonic output 
power at microwave frequencies. The advantage of the 
use of overlay transistors in the generation of harmonic 
power is that frequency multiplication and power am pli
fication can be realized simultaneously. In frequency- 
m ultiplier circuits, overlay transistors will provide power 
amplification at the fundam ental frequency of the input 
driving power, and the nonlinear capacitance of the 
collector-to-base junction in these transistors will gen
erate harmonics of the input frequency.1 It is possible, 
therefore, for a single overlay transistor to provide both 
frequency multiplication and signal-power gain. M ore
over, the use of an overlay transistor in a frequency- 
multiplier circuit extends the upper limit of the frequency 
range far beyond that possible from the same transistor 
in a power-amplifier circuit and well into the microwave 
region.

This paper describes the use and capabilities of over
lay transistors in such applications. The operation and 
basic design considerations of overlay transistor fre
quency multipliers are explained, and the instability 
problems that may be encountered in such circuits are 
discussed. Circuit details and performance data are 
given for practical frequency doublers, triplers and quad
ru p le s  which use the RCA 2N4012 overlay transistor 
to generate watts of output power in the U H F and 
L-band ranges. The relative merits of common-base 
and common-emitter connections of overlay transistors 
in such circuits are compared.

HARMONIC GENERATION IN OVERLAY- 
TRANSISTOR MULTIPLIERS

A n overlay transistor used in a frequency-multiplier 
circuit operates simultaneously as a power amplifier to 
provide gain at the fundam ental frequency of the input 
driving power and as a varactor diode to generate h ar
monics of the driving-power frequency. Fig. 1 shows 
the simplified equivalent circuit of an overlay transistor 
for this application. If the transistor collector-to-base 
capacitance, Cbe, were omitted, the circuit would be 
identical to the hybrid-pi equivalent circuit of a transistor 
power amplifier, which has been described extensively 
in literature.2 In overlay transistors, however, the large 
area of the collector-to-base junction, together with the 
active area under the emitter, results in a relatively high 
collector-to-base capacitance. Because this capacitance is 
usually much larger than the capacitance Cb'c, it must 
be included in the equivalent circuit together with para
meters defined by the hybrid-pi circuit.

The capacitance Cbe varies nonlinearly with the transis
tor collector voltage in much the same way as that of 
a varactor diode with the voltage across the diode 
junction. It is this variable junction capacitance that 
makes possible harm onic generation in overlay transistor 
circuits. The nonlinear relationship between the col

lector-to-base capacitance C bc and the collector bias 
voltage in overlay transistors may be expressed as 
follows:

Cbc =  K (0 -V )-"  (1)

where K is the constant determined by the area and 
doping of the junction, <t> is the contact potential, V  is 
the magnification of the collector reverse-biased voltage, 
and the exponent n is a constant that is dependent upon 
the impurity distribution on both sides of the junction.

FIG . I.— E quiva len t circuit o f  an overt ay-transistor frequency  
m ultiplier.

The plot of Eq. (1) given in Fig. 2 (a ) shows the 
variation in the collector-to-base capacitance. Cbc, as a 
function of the collector bias voltage, V. This form 
of capacitance-voltage curve is difficult to apply directly 
in the analysis of high-frequency, high-power transistor 
circuits. Because power is the product of current and 
voltage, it is more convenient to analyze such circuits 
in terms of the current and voltage swings in the 
transistor. The transistor current can be related to the 
collector-to-base capacitance if the charge, Q, across the 
junction is known. Because d Q /d V  =  C (V ), the charge 
Q can be determined as follows:

With the capacitance Cbe defined as in Eq. (1 ), the 
integration indicated in Eq. (2) can be performed, with 
respect to the voltage V, to obtain the charge. The 
resultant of this integration, plotted in Fig. 2 (b ), shows 
the variation in the charge Q as a function of the 
voltage V.

If a sinusoidal voltage, such as shown in Fig. 2 (c), 
is developed by the amplifier section of the overlay 
transistor to drive the nonlinear capacitance Cbc, a highly 
distorted charge, or current, waveform is produced be
cause of the non-linear charge-voltage characteristics of 
the capacitance. This waveform, shown in Fig. 2 (d ), 
contains components of the fundam ental frequency and 
of harmonic frequencies. O utput power at the desired 
harmonic is obtained when suitable selective circuits are 
coupled to the collector of the transistor. In an actual 
circuit, the driving voltage developed by the transistor
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(c)
FIG . 2.— Energy transfer relationships fo r  an overlay transistor 
in a frequency-m ultip lier circuit: (a) Capacitance-voltage curve  
fo r  the collector-to-base junction; (b) C harge-voltage curve o f  
the collector-to-base junction; (c) Sinusoidal voltage developed  
by the am plifier section o f the transistor to drive the nonlinear  
collector-to-base capacitance; (d) D istorted  charge, or current, 
w aveform  produced by the nonlinear collector-to-base capaci

tance in the generation o f harm onic power.

contains both fundamental- and harmonic-frequency 
components.

Overlay transistors used in frequency multipliers may 
be connected in either common-base or common-emitter 
circuit configurations. In the common-base transistor 
frequency multiplier, harmonic generation is accom 
plished in essentially the same way as in a shunt-type 
varactor frequency multiplier, because the nonlinear 
collector-to-base capacitance of the transistor is con
nected in shunt with the input circuit. In the common- 
emitter transistor frequency multiplier, the nonlinear 
capacitance is connected in series with the input; the 
operation of the transistor circuit is then similar to that 
of the series-type varactor frequency multiplier.

Fig 3 (a) shows the basic circuit configuration for the 
use of an overlay transistor in a common-base frequency 
doubler. A  “ T ” matching network, or other type of 
matching section, must be used in the input of the 
doubler to set up a conjugate match across the emitter- 
base terminals of the transistor at the fundam ental fre
quency of the input driving power. This conjugate match 
is required to obtain a maximum transfer of power 
from the driving source to the transistor. Because gain 
at the fundam ental frequency is of prim ary importance, 
an idler circuit must be connected between the collector 
and base of the transistor. The idler loop, which con
sists of a simple series LC circuit, resonates with the 
transistor collector-to-base capacitance at the fundam en
tal frequency and thus enhances the flow of fundam ental 
current through the transistor. The idler circuit also 
develops the driving voltage required by the nonlinear 
collector-to-base capacitance for the generation of h ar
monic power. A suitable output circuit, which is series 
tuned to  select output power at the second harmonic

FIG . 3.— Basic circuit configurations o f overlay-transistor fre 
quency m ultipliers: (a) C om m on-base frequency  doubler; (b) 
C om m on-base frequency  tripler; (c) C om m on-base frequency  
quadrupler; (d) Inpu t-circu it arrangem ent fo r  a com m on-em itter  

frequency  m ultiplier.

of the input frequency, completes the basic doubler 
circuit. In  some circuits, an output trap m ust be added 
to restrict the flow of fundamental-frequency current in 
the output loop.

Figs. 3 (b ) and 3(c) show the basic circuits for the 
use of an overlay transistor in the common-base fre
quency tripler and quadrupler, respectively. These cir
cuits are very similar to the common-base doubler, with 
the exception that an additional second-harmonic idler 
loop is connected in shunt with the transistor collector. 
The second-harmonic components produced by this idler 
loop beat with the fundam ental-frequency components to 
generate additional harm onic outputs. In this way, the 
second-harmonic idler loop enhances the conversion 
efficiency.3

W hen an overlay-transistor frequency multiplier is used 
in a common-emitter circuit, an additional series resonant 
circuit must be incorporated in the input to provide a 
ground return for the nonlinear capacitance, Cbc, as 
shown in Fig. 3 (d ). Otherwise, the input, output, and 
idler circuits of common-emitter multipliers follow the 
considerations already described for the common-base 
multipliers.

DESIGN OF OVERLAY-TRANSISTOR 
MULTIPLIERS

The design of transistor frequency multiplier circuits 
generally consists of the selection of a suitable transistor 
and the design of proper filtering and matching networks 
required for optimum circuit performance.
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Transistors suitable for this application must provide 
the desired output power and gain at the fundam ental 
frequency and m ust be able to  convert the power from 
the fundam ental frequency into power at the desired 
harm onic frequency. If a lossless circuit were coupled 
to a lossless nonlinear capacitance Cbc, power at the 
fundam ental frequency could be converted into power 
at any harm onic frequency with 100 per cent, conversion 
efficiency, according to the energy relation derived by 
M anley and Rowe. In practice, however, the conversion 
efficiency is limited by the series resistance associated 
with the nonlinear capacitance and the circuit losses. It 
can be considered that the harm onic output power of 
a transistor multiplier circuit, as a given input power 
level, is equal to the product of the power gain of the 
transistor at the drive frequency and the conversion 
efficiency that results from  the varactor action of the 
collector-to-base capacitance, Cbc. Conversion gain can 
be obtained only if the power gain of the transistor at 
the fundam ental frequency is larger than the conversion 
loss.

In the design of such circuits, the input impedance 
at the fundam ental frequency, as seen across the emitter- 
to-base junction of the transistor, as well as the load 
impedance presented to the collector at both the funda
m ental and harm onic frequencies, must be known. The 
knowledge of the collector load impedance at the har
monic frequency is required for the design of the output 
circuit. The knowledge of collector impedance at the 
fundamental frequency is needed in order to determine 
the input impedance of the transistor at that frequency 
so that the matching networks between the driving source 
and the transistor can be properly designed. The three 
impedances of course are inter-related and are functions 
of the operating power level, i.e., are determined by 
voltage and current swings. Once these impedances are 
established, the design of the matching networks is 
straightforward.2’3 For the input circuit, a matching sec
tion having low-pass characteristics is preferred, and for 
the output circuit, a matching section having high-pass 
or band-pass characteristics is preferred. Such arrange
ments will insure good isolation between input and 
output circuits. A s the desired frequency of operation 
increases to above 800 M c/s, the design of transistor 
multiplier circuits requires the use of distributed circuit 
techniques. A  fore-shortened quarter-wavelength coaxial 
cavity is found to  be very useful.

STABILITY AND BIASING CONSIDERATIONS 
IN OVERLAY-TRANSISTOR MULTIPLIERS
In general, the m ajor problem of nonlinear devices 

is instability. Various types of instabilities can be 
incurred in transistor frequency-multiplier circuits. These 
include hysteresis, low-frequency oscillations, param etric 
oscillations, and high-frequency oscillations. These diffi
culties can be eliminated or minimized by careful design 
of the bias circuit, by the proper location of transistor 
ground connections, and by the use of common-emitter 
circuit configurations.

Hysteresis refers to discontinuous mode jum ps in ou t
put power that occur when the input power or frequency 
is increased or decreased. It has been determined that 
this effect is caused by the dynamic detuning which

results from  the variation in the average value of the 
nonlinear junction capacitance with rf voltage. The 
tuned circuit will have a different resonant frequency 
for a strong drive input than for a weak drive input. 
It has been found experimentally that hysteresis effects 
are minimized and sometimes eliminated when the 
transistor is used in a common-emitter circuit con
figuration.

Low-frequency oscillations occur because the gain of 
the transistor at low frequencies is much higher than 
that at the operating frequency. This effect can be 
eliminated by placing a small resistance in series with 
the rf chokes used for the biasing circuit, as shown 
in Fig. 4.

F IG . 4— Circuit show ing the biasing arrangem ent and bypass 
capacitances that are used to elim inate instabilities in com m on- 

em itter frequency  multipliers.

Param etric oscillations result because spurious low- 
frequency m odulation is added to the harm onic output. 
This effect can be eliminated by carefully selecting the 
bypass capacitance, C2 in Fig. 4, to provide a low 
impedance to the spurious component in addition to 
that provided by the bypass capacitance C l.

Perhaps the most troublesome instability in transistor 
frequency-multiplier circuits is the high frequency oscil
lation. This type of instability is indicated by oscillations 
that occur at a frequency very close to the multiplier 
output frequency when the input drive power is removed. 
Comm on-em itter circuits were found to be less critical 
in this respect than common-base circuits. The high 
frequency oscillations were also found to  be strongly 
related to  the input drive frequency. This type of 
instability can be eliminated if the input frequency is 
kept below certain values. The input frequency at which 
stable operation can be obtained seems to depend on 
the method of grounding the em itter of the transistor. 
The highest frequency of operation can be obtained 
when the emitter has the shortest path to ground.

In practice, stable and reliable operation of transistors 
in frequency multipliers has been successfully obtained. 
The frequency multipliers discussed in the following sec
tion are all stable circuits.

PRACTICAL TRANSISTOR FREQUENCY- 
MULTIPLIER CIRCUITS

The introduction of the RCA-2N4012 overlay transis
tor has led to the design of frequency-multiplier circuits 
which supply a minimum of 2.5 watts of harm onic out
put power, at frequencies up to 1 G c/s, with conversion
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gains greater than 4 dB. In a common-base power 
amplifier, which has a higher upper-frequency limit than 
a com parable common-emitter amplifier, a typical 
2N4012 transistor provides unity gain at 850 M c/s with 
an input driving power of 1 watt. With the same transis
tor used in a frequency-multiplier circuit, the upper limit 
of the frequency range over which signal power can be 
obtained is extended far beyond that of the power 
amplifier and well into the L-band range.
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800 M c/s, or higher, requires the use of distributed- 
circuit techniques. All such high-frequency circuits de
scribed here use coaxial-cavity output circuits. These 
circuits are discussed first. The low-frequency circuits, 
which use lumped-element output circuits, are then 
described.

INPUT 
400 M c/s

FIG . 5.— P ow er-ou tpu t capabilities o f the R C A -2N 4012  overlay  
transistor as a fu n ctio n  o f frequency  when operated in com m on- 

em itter doubler, tripler, and quadrupler circuits.

Fig. 5 shows the power-output capabilities as a func
tion of output frequency for a typical 2N4012 transistor 
used in common-emitter circuit configurations for fre
quency doubling, tripling, and quadrupling. In a com 
mon-emitter doubler circuit, the transistor will deliver 
3.0 watts of output power at 800 M c/s  with a conversion 
gain of 4.8 dB. In a common-emitter tripler circuit, the 
transistor will supply 2.7 watts of output power at 1 
G c /s  with a conversion gain of 4.3 dB. In a common- 
emitter quadrupler circuit, the transistor will provide 
1.7 watts of output power at 1200 M c/s  with a con
version gain of 2.3 dB.

It is of interest that the transistor frequency multipliers 
provide greater power outputs a t higher output fre
quencies than the unity-gain output obtained from  the 
transistor power amplifier at 850 M c/s. W hen the fre
quency of operation is low enough so that the transistor 
can supply rf power with substantial gain, the output 
capabilities of the transistor frequency multipliers are 
essentially the same as those of the transistor power 
amplifier. For operation at the same output frequency 
and with the same input driving power, approximately 
equal am ounts of output power will be obtained.

In the following paragraphs, circuit arrangements are 
shown and performance data are given for several p rac
tical frequency-multiplier circuits that use the 2N4012 
transistor. These circuits include a 200-to-400-M c/s 
doubler, a 400-to-800-M c/s doubler, a 150-to-450-M c/s 
tripler, a 340-to-1020-M c/s tripler, and a 300-to-1200- 
M c/s  quadrupler. As mentioned previously, the design 
of multiplier circuits that have an output frequency of

800 Mc/s

F IG . 6.—400-to-800-M c/s, com m on-em itter transistor frequency  
doubler.

400-to-800-Mc/s Doubler
Fig. 6 shows the complete circuit diagram  of a 400- 

to-800-M c/s doubler that uses the RCA-2N4012 transis
tor. This circuit uses lumped-element input and idler 
circuits and a coaxial-cavity output circuit. The transistor 
is placed inside the cavity with its em itter properly 
grounded to the chassis. A  ‘V ’ section (C l, C2, L I, 
L2, and C3) is used in the input to match the impe
dances, at 400 M c/s, of the driving source and the base- 
em itter junction of the transistor. L2 and C3 provide 
the necessary ground return for the nonlinear capacitance 
of the transistor. L3 and C4 form the idler loop for 
the collector at 400 M c/s. The output circuit consists 
of an open-ended l^-inch-by-l-j-inch square coaxial 
cavity. A lumped capacitance, C5 (lohanson Type 
JM C  2954), is added in series with a j-inch hollow 
centre conductor of the cavity near the open end to 
provide adjustm ent for the electrical length. Output 
power at 800 M c /s  is obtained by direct coupling from 
a point near the shorted end of the cavity. The bias 
arrangem ent is the same as used in the circuit shown in 
Fig. 4.

Fig. 7 shows the output power at 800 M c/s  as a func
tion of the input pow er at 400 M c /s  for the doubler 
circuit, which uses a typical 2N4012, operated at a 
collector supply voltage of 28 volts. The curve is nearly 
linear at an output power level between 0.9 and 2.7 
watts. The power output is 3.3 watts at 800 M c/s  for 
an input drive of 1 watt at 400 M c/s  and rises to 3.9 
watts as the input drive increases to 1.7 watts. The 
collector efficiency, which is defined as the ratio  of the
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FIG . 7 .— O utput pow er and collector efficiency as a fu n ctio n  o f  
the input pow er fo r  the 400-to-800-M c/s frequency  doubler.

rf output power to the dc input power at a supply 
voltage of 28 volts, is also shown in Fig. 7. The efficiency 
is 43 per cent, measured at an input power of 1 watt. 
The 3-dB bandwidth of this circuit measured at an 
output power of 3.3 watts is 2.5 per cent. The funda
mental frequency component measured at an output 
power level of 3.3 watts is 2 dB down from  the output 
carrier. Higher attenuations of spurious components can 
be achieved if m ore filtering sections are used.

The variation of output power with collector supply 
voltage at an input drive level of 1 watt is shown in 
Fig. 8. This curve is obtained with the circuit tuned 
at 28 volts.

FIG . 8.— P ow er ou tp u t as a function  o f the collector supply  
voltage fo r  the 400-to-800-M c/s frequency m ultiplier.

340-to-l 020-Mc/s Tripler
The 340-to-1020-M c/s tripler shown in Fig. 9 is essen

tially the same as the doubler described in the previous 
section with the exception that an additional idler loop,

which consists of L4 and C6, is added in shunt with 
the collector of the transistor. This idler loop is resonant 
with the transistor junction capacitance at the second 
harm onic frequency (680 M c/s) of the drive input.

INPUT
340 M c/s +28v

1020 Mc/s
F IG . 9.—340-to-1020-M cls, com m on-em itter transistor frequency

tripler.

Fig. 10 shows the output power of the tripler at 
1020 M c/s  as a function of the input pow er a t 340 
M c/s. This circuit also uses a typical 2N4012 transistor 
operated at a collector supply voltage of 28 volts. The 
solid-line curve shows the power output obtained when 
the circuit is retuned at each input power level. The 
dashed-line curve shows the power output obtained
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FIG . 10.— Pow er ou tpu t as a func tio n  o f  pow er inpu t fo r  the 
340-to-1020-M cls frequency  tripler.

with the circuit tuned at the 2.9-watt output level. An 
output power of 2.9 watts at 1020 M c/s  is obtained 
with 1 watt of drive at 340 M c/s. The 3-dB bandwidth 
measured at this power level is 2.3 per cent. The 
spurious frequency components measured at the output 
are as follows: at 340 M c/s  —  22 dB; at 680 M c/s  
— 30 dB; at 1360 M c/s  — 35 dB.
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FIG . 11.— P ow er ou tp u t as a fu n ctio n  o f  the collector voltage  
fo r  the 340-to-1020-M cjs frequency  tripler.

The variation of output power with collector supply 
voltage at an input drive level of 1 watt is shown in 
Fig. 11. The variation of collector efficiency is also 
shown. These curves are obtained with the circuit tuned 
at 28 volts.

The 2N4012 transistor in this tripler circuit with 1 
watt of drive provides a minimum output of 2.5 watts, 
a median output of 2.8 watts, and a maximum output 
of 3.5 watts.

A 340-M c/s amplifier that used the same circuit 
configuration and components as those of the tripler 
circuit shown in Fig. 9 was constructed in order to 
compare the perform ance between amplifier and tripler. 
The conversion efficiency for a large num ber of tripler 
units was then measured. The conversion efficiency of 
the tripler is defined as the 1020-M c/s power obtained 
from the tripler divided by the 340-M c/s power obtained 
from the amplifier at the same input power level (1 
w att). The efficiency varies between 60 to  75 per cent., 
and averages at 65 per cent, which is com parable to 
a good varactor multiplier in this frequency range.

INPUT

FIG . 12.— 300-to-1200-M c/s, com m on-em itter frequency  quad-
rupler.

300-to-1200-Mc/s Quadrupler
The circuit diagram of a 300-to-1200-M c/s quadrupler 

is shown in Fig. 12. This circuit is similar to the tripler 
circuit just described except for the reduced length in 
the output cavity. Table 1 compares the performance 
of the 2N4012 in the tripler and quadrupler circuits.

Table 1
Tripler and Q uadrupler Performance 

of a 2N4012 Overlay Transistor

Transistor P
Tripler 

n PQ (f0 = 1020 Mc/s
Quadrupler 

P0 (f0 =1200 Mc/s)
1 1 W 3.0 I 1.95 W
2 2.3 1.80
3 2.8 1.70
4 2.3 1. 50
5 2.9 1. 30
6 2.6 1. 20

200-to-400-Mc/s Doubler Circuit
Fig. 13 shows the circuit diagram of a 200 to 400 

M c/s frequency doubler that uses the 2N4012 transistor. 
The input coupling network consists of a lumped-element

F IG . 13.— 200-to-400-M cjs, com m on-em itter transistor frequency  
doubler.

FIG . 1 4 —-Power ou tpu t and collector efficiency as a function  o f  
inpu t pow er fo r  the 200-to-400-M cls frequency  doubler.
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circuit (C l, C2, C3, L I, and L 2). This circuit matches 
the impedance of the driving source to that of the base- 
to-em itter input circuit of the transistor at the input 
frequency of 200 M c/s. The network formed by C2 
and L2 provides a short circuit return path  at 400 
M c/s  for the harmonic output current. The collector 
output network consists of lumped elements C4, C5, C6, 
L3, L4 and L5. The network formed by lumped ele
ments C4, C5, C6, L4 and L5 provides the proper 
load coupling to the collector circuit at 400 M c/s. Fig. 
14 shows the curves of power output from  the doubler 
at 400 M c /s  for various input driving power levels at

DC COLL EC TOR-TO “ EMITTER VOLTS (VCe)
FIG . 15.— P ow er o u tp u t as a func tio n  o f collector supp ly  voltage  

fo r  the 200-to-400-M cls frequency  doubler.

200 M c/s. Fig. 15 shows the variation of power output 
a t 400 M c /s  with dc supply voltage for input power 
drive levels of one and two watts at 200 M c/s. The 
rejection of fundam ental (200 M c/s) and third-harm onic 
components in the output circuit were measured to be 
25 dB below the 400 M c/s  power output of 3.3 watts.

150-to-450-Mc/s Tripler Circuit
Fig. 16 illustrates the use of the 2N4012 transistor in 

a 150-to-450-M c/s frequency tripler. The input coupling 
network has been designed to m atch the driving gen-

F1G. 16.— 150-to-450-M c/s, com m on-em itter transistor frequency
tripler.

34

erator to the base-to-emitter circuit of the transistor. The 
network form ed by C2 and L2 provides a short-circuit 
return for harm onic output current at 450 M c/s. The 
idler network in the collector circuit, formed by L3, 
L4 and C4, is designed to  circulate fundam ental and 
second harm onic components of current through the 
voltage-variable collector-to-base capacitance, Cbc. The 
network formed by C5, C6, C7, L5 and L6 provides 
the required collector loading for 450-Mc / s output power.

O 0 .4  O S  1.2 1.6 2 .0  
R F  PO W E R  IN P U T  A T  150 M c / s — W A T T S

FIG . 17.— P ow er ou tp u t as a func tio n  o f pow er inpu t fo r  the 
150-to-450-M c/s frequency  tripler.

Fig. 17 shows the 450-Mc /s  power output of the tripler 
as a function of the 150-M c/s power input. For one 
watt of driving power, 2.8 watts of output power was 
obtained at 450 M c/s. The rejection of fundamental, 
second, and fourth harmonics was m easured as 30 dB 
below the 2.8-watt, 450-M c/s level. The variation of 
power output with supply voltage is shown in Fig. 18.

FIG . 18.— P ow er ou tpu t as a fu n ctio n  o f the collector voltage 
fo r  the 150-to-450-M cjs frequency tripler.

COMPARISON OF COMMON EMITTER 
AND COMMON BASE MULTIPLIER 

CIRCUITS
The perform ance data given in the preceding section 

were all obtained from  frequency multipliers in which

A pril, 1966



P O W E R  IN P U T  W A T T S

F IG . 19.— P ow er ou tp u t as a func tio n  o f pow er in p u t fo r  
com m on-base and com m on-em itter circuit configurations o f  a 

340-to-l020-M cjs transistor frequency tripler.

the transistor is connected in common-emitter circuit 
configurations. When transistors are used in common- 
base circuit configuration, different results are obtained. 
Figs. 19 and 20 show the perform ance comparison 
between a common-base and a common-emitter tripler 
circuit using a 2N4012 transistor. A t low power levels, 
the common base tripler provides higher gain and col
lector efficiency, whereas at high power levels, both 
higher gain and collector efficiency are provided by 
the common em itter circuit. A t an input power of 1 
watt at 340 M c/s, the comon em itter tripler delivers 
2.9 watts of power at 1020 M c/s  and the common base 
circuit, 2.4 watts. The collector efficiencies for both 
circuits are approximately the same, over 30 per cent. 
The 3-d B bandwidth measured in the common-emitter 
tripler is 2.3 per cent, as compared to  2.5 per cent, in 
a common-base tripler. The m ajor difference in the 
two circuits is in that the output power of the common- 
emitter tripler saturates at a much higher input power 
level than that of the common-base circuit. This effect 
has also been observed in a straight-through amplifier. In 
addition, the common-emitter circuit is less sensitive to 
hysteresis and high-frequency oscillations as discussed 
in the early section.

CONCLUSIONS
It is apparent from Fig. 5 that in a transistor fre

quency multiplier the order of multiplication has an

P O W E R  IN P U T — W A T T S

F IG . 20.— C ollector efficiency as a function  o f inpu t pow er fo r  
com m on-base and com m on-em itter circuit configurations o f  a 

340-to-I020-M c/s transistor frequency  tripler.

im portant bearing on the amount of output power that 
can be supplied. For a given multiplier circuit, the 
highest output power is obtained at the frequency for 
which the product of power gain and conversion effi
ciency has the largest value. Fig. 5 shows that when 
an RCA-2N4012 overlay is used, maximum output power 
is obtained at 800 M c/s from  a doubler circuit, at 1000 
M c/s  from a tripler circuit, and at 1300 M c/s  from 
a quadrupler circuit.

The data given in this paper have shown that the 
perform ance of overlay-transistor frequency multipliers 
is approaching that obtained from varactor frequency 
multipliers operated in the L-band. In comparison to 
the varactor circuit, however, the transistor multiplier 
is a simpler and less costly circuit and consumes smaller 
am ounts of dc power.

(WITH ACKNOWLEDGEMENT TO RCA)
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ERRATA
In Radiotronics, July 1965, a circuit was shown for an input stage preamplifier intended for 

m agnetic pick-up cartridges. Construction of a num ber of these units in the intervening period has 
shown tha t the isolation of Qi (Fig. 2, page 127) from  low frequency components on the power supply 
allowed an insufficient m argin of stability when no pick-up was connected to the input.

Accordingly it is recommended that users of this arrangem ent increase the time constant of the 
filter to  the base of Qi by changing the 5.6 K« resistor to 15 and the 25 .“F  capacitor to 250 i“F.
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A Hidden Clock in Every Bush
The clock that is hidden in every bush speaks the language of atoms. Nuclear radiation 

meters are commonly used today in a carbon-dating process to determine the age of objects, 
a technique that has been of enormous assistance in such fields as archaeology. This is a typical 
story of carbon dating, complete with an interesting twist.

Students of Heidelberg University recently 
cut down some bushes along the m otorway 
to Frankfurt, and took their booty home to 
the laboratory. Flowever, it was not a student’s 
rag, but scientific work with a surprising result. 
Some pieces of good heartwood were cut out 
of the bushes and burnt under control. What 
the students needed was the carbon, which is 
an im portant constituent of all living m atter. 
The exam ination of the carbon took some days 
and the result was: the bushes examined were 
three thousand two hundred years old, with 
an accuracy of plus or minus 180 years, ac
cording to the determ ination of their age by 
their C 14 content.

This result was naturally nonsense. In reality 
they could only have been a few years old 
at the most. But the method of age determ ina
tion, which already proved excellent in many 
cases, indicated a “doctored" result. Neverthe
less they were extremely pleased with their 
test. It proved the assumption that the air 
along the borders of the m otorway was not 
exclusively fresh, natural air, but originated in 
large part from the exhausts of cars.

Now what has the determ ination of age got 
to do with exhaust gases? The plants absorb 
the carbon from  the am bient air, principally 
the inactive carbon atoms C 12 and C 13, which, 
however, contains a tiny portion of the radio
active isotope C 14 caused by cosmic rays in 
the atmosphere. The change of C 14 concen
tration in plants allows conclusions to be 
drawn about their age.

In free air the ratio of C 14 to inactive carbon 
remains constant. Part of the C 14 decays con
stantly. Of a thousand C 14 atoms only 500, 
i.e. half, are present after approxim ately 5,000 
years. A  further 5,000 years later, again only 
about half are present, i.e. half of half. The 
figure is called the half-life. But in nature 
decaying atom s are always replaced by new 
ones so that an equilibrium is created.

However, in the course of time the carbon 
contained in the plants loses its C 14 content. 
Extremely sensitive measuring equipm ent is 
required to ascertain how much C 14 is still

present. It can be detected by its radiation. 
Telefunken engineers have designed measuring 
equipment which can detect even the slightest 
traces of C 14. The ages of archaeological re
mains have been determined up to 20,000 
years.

But to  return to the bushes. They had 
absorbed carbon from  petrol exhaust gases, 
carbon that was millions of years old. And 
that explains why their clocks were wrong.

Material testing and protection 
against radiation

There are many natural clocks of this 
description. By means of the radiation from 
the hydrogen isotope tritium  it can be deter
mined whether a wine is ten years old or only 
one. Uranium  reveals to us the age of rocks 
billions of years old. A fter hearing a radiation 
counter ticking, a scientist said: “ In every 
stone, in every bush, there is a clock. But it 
ticks so softly that we need complicated m ea
suring instrum ents to hear it.”

Nuclear radiation meters are used for 
innum erable applications. Not only scientific 
investigations in chemistry, biology, medicine 
and physics are facilitated by these instruments. 
Their use is also constantly growing in in
dustry for quality checks, non-destructive 
m aterial tests and, above all, for protection 
against nuclear radiation. Typical examples 
are digital autoscalers, counting rate meters, 
reflecting cell probes and sample changers. 
How small the radiation quantities are and 
how sensitive the equipment, was shown du r
ing a dem onstration of a radiation meter at 
an African university. The director of the 
dem onstration had a brick brought from a 
building site near by. When he held the probe 
on the brick a real drum-fire of pulses started 
in the loudspeaker because tiny quantities of 
radioactivity are present in nature everywhere. 
The test instruments are so sensitive nowadays 
that harmless small quantities of radiation 
may be used for tests.



Horizontal AFC Test Unit
This is one of a number of articles being specially prepared for “Radiotronics”, based on reports prepared 

in the AWV Applications Laboratory at Rydalmere, N.S.W. This article is based on AW Y Applications 
Laboratory Report VR101, under the same title, by J. Van der Goot and R. Walton.

This instrument has been designed to assist in the evaluation of afc systems in television receivers. The 
unit allows the measurement of the “hold-in” and “lock-in” ranges of the system, in cycles per second, either 
side of 15,625 cps. Applications of this unit are found in the production testing and laboratory development of 
horizontal afc systems. The unit provides horizontal synchronising pulses which enable the evaluation of afc 
systems without the need to provide a composite video signal.

Principle 
of Operation

T he unit consists of an oscillator, the 
frequency of w hich is variable ap prox i
m ately  ±  3000 cps ab o u t a centre fre 
quency of 31,250 cps. Pulses derived 
from  the  p late circuit of this oscillator 
are  differentiated and th e ir pulse repeti
tion  frequency is halved by a bistable 
m ultiv ib ra to r (b inary  co u n te r). These 
pulses are then  utilised to  drive a m ono
stable m ultiv ib ra to r w hich produces 
negative-going ou tpu t pulses o f ad jus
tab le  w idth and am plitude to sim ulate 
horizontal synchronising pulses.

A sinusoidal ou tp u t is derived from  
the  variab le  oscillator and fed to a 
m ixer stage to w hich is also applied a 
sinusoidal voltage derived from  a crystal 
con tro lled  oscillator operating  at 31,250 
cps. T he ou tpu t of the m ixer is detected 
and applied to  an  audio  frequency m eter 
w hose calib ra tion  has been adjusted to 
read  ha lf the  applied frequency, thereby 
giving the actual deviation of the  fre 
quency of the ou tp u t pulses e ither side 
o f 15,625 cps.

T he frequency of the  variab le  oscil
la to r can then  be m ade equal to  that 
of the  crystal oscillator by  adjusting its 
frequency to p roduce a zero beat as 
indicated by a neon lam p. T he vari
able oscillator suddenly locks in on the 
crystal contro lled  oscillator when the 
difference frequency becom es ap prox i
m ately 8 cps. T his will lim it the  m ea
surem ent of afc perform ance to  fre 
quencies outside the range of 15,625 
±  8 cps.

T he circuit d iagram  of the  horizon tal 
afc test un it is show n in two accom 
panying figures, one of w hich shows the 
oscilla to r section and the  o th er of 
which shows the  aud io  frequency m eter 
section. Both sections are  provided with 
their own pow er supply arrangem ents 
and are  thus in tegral units in them selves. 
F o r  exam ple, arrangem ents could  be 
m ade quite  sim ply to  utilise the audio 
frequency  m eter alone and so extend 
its utility. A fu rth e r d iagram  shows the

w aveform s present in the unit, keyed to 
the  m easurem ent poin ts keyed on the 
circuit.

Performance
T he basic perform ance of the test unit 

m ay be sum m arised as fo llow s: 
Variable Oscillator.

C entre frequency  ..........  31,250 cps.
D eviation , approx im ate  ±  3,000 cps. 

Output Pulse.
D eviation , approx im ate  ±  1,500 cps.
M axim um  w idth ..........  5.4 secs.
M inim um  w idth  ..........  4.3 fisecs.
M axim um  am plitude .. 4.0 volts
M inim um  am plitude .... zero volts
The crystal oscilla to r is a standard  

circuit used in A W A  equipm ent. The 
audio  frequency m eter is sim ilar to  that 
used in the  A W A  Series 8828 A udio 
F requency  M eters, w ith the  m odifica
tion  m entioned. C lockw ise ro ta tion  of 
the P R F  contro ls decreases the  ou tpu t 
pulse repetition  frequency. T he purpose 
o f the  S/C b u tto n  is to  provide con
venient m eans to  rem ove the  ou tpu t 
pulses fro m  the term inals by  short-cir- 
cuiting th e  output. T his fea tu re  greatly  
facilitates som e of the tests w hich are 
described later.

Standard Tests
T he In terna tional E lectro technical 

C om m ission have defined th ree  tests fo r 
the m easurem ent o f afc systems of te le 
vision receivers. F ro m  their Publication  
N o. 107, sub-section 6.2.3, dealing with 
synchronising range, lock-in range, hold- 
in range and follow ing range, the  syn
chronising range and its com ponent p ro 
perties are  defined as fo llo w s:

“T he synchronising range is the  range 
over which the  synchronisation  signals 
are  able to  con tro l the  frequency  of 
the  tim e base circuits. W hen th e  syn
chronisation  con tro l knob is ro ta ted  
th rough  its range, fo r  instance in a 
clockwise direction , a poin t is reached 
w here the  tim e base circuit is syn
chronised. A dditional ro ta tio n  produces 
ano ther po in t w here synchronisation  is

lost. By ro tating  the synchronisation 
con tro l in an anti-clockwise direction, 
two m ore po in ts are found. These points 
do no t norm ally  coincide w ith the 
points found  previously .”

“T he lock-in range is the range be
tw een the  two points a t w hich synchro
n isation  is obtained. T he corresponding 
free-running  frequencies a re  m easured. 
(T his m ay also be expressed as a 
“  A f  and  — A f  CPS range on  either 
side of the cen tral oscillator fre 
quency.) ”

“T he hold-in  range is the range be
tw een the  tw o points a t which synchro
nisation  is lost. T he corresponding  free- 
runn ing  frequencies are m easured. (This 
m ay also be expressed as a +  A f  and 
— A ^ CPS range e ither side of the central 
oscillator freq u e n c y .)”

“T he follow ing range is the  range 
over w hich the  transm itted  line and field 
frequencies m ay vary before  synchro
nisation  is lost.”

T he m ore com plete evaluation  of 
afc perfo rm ance  requires the  addition 
of tests to  m ake a series as suggested 
below :
T E ST  1. M easurem ent o f lock-in 
and follow ing range fo r  variab le  syn
chron isation  pulse repetition  frequency 
and fixed ho rizon tal oscillator frequency 
w ith the  synchronising signal applied to 
the video amplifier.

TEST  2. M easurem ent of hold-in  and 
lock-in range fo r  fixed synchronisation 
pulse repetition  frequency and variable 
horizon tal oscillator frequency w ith the 
synchronising signal applied to the video 
amplifier.
T E ST  3. M easurem ent o f follow ing and 
lock-in range as fo r Test 2 except that 
the receiver operates norm ally  on a 
m edium  streng th  rf inpu t signal con
taining th e  synchronising inform ation . 
TEST  4. M easurem ent of the  free- 
running  d rift of the  ho rizon tal oscillator 
during  “w arm -up” .
TEST  5. M easurem ent o f the free -ru n 
ning frequency  shift o f the  horizon tal 
oscillator due to  norm al supply voltage 
fluctuations.
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Operating Instructions
C onnect the instrum ent to a 240- 

volt 50 cps supply and allow  it to  warm  
up fo r  a m inim um  of 5 m inutes before 
taking m easurem ents. It is im portan t to 
stipulate the  convention  fo r +  A  f before 
going fu rth er. T he convention th a t has 
been adopted th ro ughou t this article  fo r 
the sign of the  difference betw een the 
frequency of the  horizon tal oscillator 
and the  incom ing synchronising pulse 
repetition  frequency is th a t ^ f  is taken 
as positive when the free-running  fre 
quency of the  oscillator is h igher than 
the incom ing synchronising pulse repe
tition  frequency.

The various tests listed above will 
now be detailed in re la tion  to  the use 
of this test instrum ent.
TEST 1

This test consists of m easurem ent 
of the follow ing and lock-in ranges 
fo r the  case w here the  synchronising 
pulse repetition  frequency is varied  and 
the horizon tal deflection oscilla to r of 
the receiver has been adjusted to  run  
free at a ho rizon tal frequency of 15,625 
cps. T h e  detailed procedure  is as 
fo llo w s:
1. W ith the receiver operating  norm ally  
on a  b roadcast transm ission observe the 
ou tpu t of the  synchronisation  separa to r 
on a C R O . D isplay  one or tw o h o ri
zontal synchronisation  pulses on the 
CRO. N o te  th e  pulse am plitude and 
shape.
2. R ender inoperative  the  if stages of 
the receiver, e ither by bypassing to  earth

the grid o f the first and th ird  if stages 
o r by biasing the first (and  second if 
app licab le) if stage beyond cutoff.

3. R ender inoperative any noise gating 
or noise cancelling devices in the  re 
ceiver.
4. C onnect the  pulse ou tpu t from  the 
afc test unit to  the grid o f the  video 
am plifier, adjusting the  pulse w idth to 
agree w ith the  ABCB standard.
5. A djust th e  pulse am plitude un til the 
am plitude and shape at the  synchronis
ing sep ara to r ou tpu t are  approxim ately

the  sam e as in step 1.

6. A djust the  pulse repetition  frequency 
contro ls to  p roduce a  nu ll on the null 
indicator. (T his sets the  synchronising 
pulse repetition  frequency to  15,625 cps.) 
T hen  align the  h o rizo n tal oscillator as 
outlined  in the  m anufactu rer's  service 
data. T he audio  frequency  m eter should 
read  very close to  zero  on the high 
frequency scales and m ay register up  to 
8 cps on the  100 cps scale.

7. A djust the  pulse repetition  frequency 
contro ls clockwise (th is decreases syn

C 3 2 3 ^ qJ O O  4 0 V
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chron isation  pulse repetition  frequency) 
until h o rizo n tal synchronisation  is lost 
in the  receiver. T he scale of the audio 
frequency m eter should be adjusted to 
keep the  po in ter w ithin fu ll scale deflec
tion. T he frequency reading co rrespond
ing to the  po in t at which synchronisation  
is lost is the  +  A f  hold-in  range.
8. A djust the  pulse repetition  frequency 
contro ls anti-clockwise un til the  receiver 
regains synchronisation. T he frequency 
reading corresponding to oscilla to r lock- 
in is th e  + A f  lock-in range. T he de te r
m ination  of the  p o in t a t w hich the 
oscillator locks in is facilitated  by repeti
tively depressing the  S/C bu tton  whilst 
adjusting the pulse repetition  frequency 
of the  synchronising pulses.
9. A djust the  pulse repetition  frequency 
controls anti-clockwise from  the  null 
position un til the  receiver loses synchro 
nisation. T he frequency reading co rres
ponding to  the  loss of synchronisation  
is the — A  f hold-in range of the re 
ceiver.
10. A djust the  pulse repetition  fre 
quency contro ls clockwise un til the 
receiver regains synchronisation. The 
frequency m eter now  indicates the — A f 
lock-in range of the  receiver.
11. R ealign the oscillator fo r  norm al 
operation .

TEST 2
This test com prises m easurem ent of 

the hold-in  and lock-in ranges fo r  the 
case w here the  incom ing synchronising 
pulse repetition  frequency is fixed at
15,625 pps and the frequency of the 
horizon tal oscillator is varied. Steps 1 
to 6 inclusive of the detailed procedure  
are as fo r Test 1, follow ed by:
7. A djust the  core of the  oscillator in 
the d irection  of increased frequency  to 
the  p o in t w here synchronisation  is lost.
8. Short-circuit the  grid of the synchro- 
sation  sep ara to r to  its cathode and a d 
just the  pulse repetition  frequency con
trols anti-clockw ise to  reduce the  num 
ber o f slanting bars on the picture tube 
until none is visible. T his is the point 
where the  incom ing synchronising pulse 
repetition  frequency  has been adjusted 
to  equal th a t o f the “off-frequency" 
horizontal deflection oscillator. T he fre 
quency m eter now gives the  +  A f  hold- 
in range.

9. R em ove the  sho rt circuit from  the 
synchronisation  separa to r and adjust the 
pulse genera to r to produce 15,625 pps 
as previously outlined.
10. A djust the  core  of the oscillator to 
decrease the  horizon tal sweep frequency 
until synchronisation  is just regained. To 
locate the  exact setting of the core at 
w hich this takes place, interm ittently  
rem ove the  synchronising pulses from  
the video am plifier by pressing the  o u t
put S/C bu tton  and carefully  adjusting 
the oscillator slug.

11. Short-circuit the  signal grid of the 
synchronisation  sep ara to r to its cathode 
and adjust the  pulse repetition  frequency 
contro ls anti-clockwise until the  h o ri
zontal bars on the picture tube becom e 
alm ost sta tionary  as before. T he fre 
quency m eter now gives the  t ^ f  lock- 
in range.
12. R em ove the  short-c ircu it from  the 
synchronisation  sep ara to r and adjust the 
pulse g en era to r to  p roduce 15,625 pps 
as previously outlined.
13. A djust the  core o f the  oscillator in 
the d irection o f decreased frequency to 
the  p o in t w here synchronisation  is lost.
14. Short-circuit the signal grid o f the 
synchronisation  separa to r to  its cathode 
and adjust the  pulse repetition  frequency 
con tro ls clockwise to  reduce the  num ber 
of slanting bars on the picture tube 
un til none is visible. T he frequency 
m eter now  indicates the  — A f  hold-in 
range.

15. R em ove the  short-c ircuit from  the 
synchronisation  sep ara to r and adjust the 
pulse genera to r to  p roduce 15,625 pps 
as previously  outlined.

16. A djust the  core of the oscilla to r to 
increase its frequency un til synchronisa
tion  is just regained. T o locate th e  exact 
setting o f th e  core a t w hich this occurs, 
interm ittently  rem oved the synchronising 
pulses from  the video am plifier by press
ing the  ou tp u t S/C b u tton  and carefully  
adjusting th e  oscillator slug.
17. Short-circuit the  signal grid  o f the 
synchronisation  sep ara to r to  its cathode 
and  adjust th e  pulse repetition  frequency 
contro ls anti-clockw ise to  reduce the 
num ber of slanting bars on the  picture 
tube  until none is visible. T he frequency 
m eter now  indicates the  — Af lock-in 
range.
18. R em ove the  short-c ircuit from  the 
synchronisation  sep ara to r and adjust the 
pulse genera to r to  p roduce 15,625 pps 
as previously outlined. Realign the 
oscillator fo r norm al operation .

TEST  3

T he procedure  here is the  m easure
m ent o f the  “ ho ld-in” and “lock-in” 
range fo r the  conditions o f Test 2 (i.e., 
w here the incom ing synchronising pulse 
repetition  frequency is fixed a t 15,625 
pps and the frequency of the  horizontal 
oscillator is v a ried ). T he receiver is 
operated  un d er typical conditions with 
a m edium  to strong rf inpu t signal. The 
actual free-running frequency of the 
oscillator is m easured w ith the  aid of 
the afc test unit. T he detailed procedure  
is as follow s:
1. A pply a m edium  to  strong rf  signal 
to the  tu n er input.
2. R ender inoperative any noise gating 
o r noise cancelling device in the re
ceiver.

3. A djust the core o f the oscillator in 
the  d irection of increased frequency to 
the  po in t w here synchronisation  is lost.
4. R ender the if strip  inoperative by 
applying an  ap p ro p ria te  negative bias. 
Short-circuit the signal grid o f the syn
chron isation  sep ara to r to its cathode. 
A pply the  pulses from  the afc test unit 
to the grid o f the  video am plifier and 
ro ta te  the pulse repetition  frequency 
contro ls anti-clockwise to  reduce the 
num ber of slanting bars on the  picture 
tube un til none is visible. T he fre 
quency m eter now  indicates the + A f  
hold-in  range.
5. R em ove the bias from  the  if strip, 
rem ove the sh o rt circuit fro m  the grid 
o f the  synchronisation  sep ara to r and 
disconnect the pulse gen era to r from  the 
video amplifier.
6. A djust the  core  o f the oscillator to 
decrease its frequency un til synchroni
sa tion  is just regained. T o  determ ine 
the exact setting o f th e  core a t which 
this occurs, in term itten tly  rem ove the 
synchronising pulses by sw itching the 
tu n er to  a vacan t channel and carefully  
adjust the  oscillator slug.
7. R ender the if strip  inoperative by 
applying an ap p ro p ria te  bias. Short- 
c ircuit the  signal grid o f the  synchroni
sa tion  separa to r to  its cathode. A pply 
the ou tp u t from  the afc test unit to  the 
grid of th e  video am plifier and ro ta te  
the  pulse repetition  frequency  controls 
clockwise to  reduce the  nu m b er of slan t
ing bars on  the  p ictu re  tube  un til none 
is visible. T he frequency  m eter now 
indicates the  + A f  lock-in range.
8. R em ove the bias from  the  if strip, 
rem ove the  short-c ircu it from  the grid 
of the  synchronisation  sep ara to r and dis
connect the  pulse gen era to r from  the 
video amplifier.
9. A djust the  core  o f the oscillator in 
the direction of decreased frequency to 
the  p o in t w here synchronisation  is lost.
10. R ender the  if strip  inoperative by 
applying an  app ro p ria te  bias. Short- 
circuit the  signal grid o f the  synchron i
sation  separa to r to its cathode. A pply 
the ou tp u t from  the afc test u n it to
he grid o f the video am plifier and ro ta te  
he pulse repetition  frequency  controls 
;lockwise to  reduce the  num ber of slan t
ing bars o n  the  p ictu re  tube  un til none 
is visible. T he frequency  m eter now 
indicates th e  — A f  ho ld-in  range.
11. Rem ove the bias from  the if strip, 
rem ove the short-c ircuit from  the grid 
of the  synchronisation  sep ara to r and 
disconnect the pulse genera to r from  the 
grid o f the video amplifier.
12. A djust the core o f the  oscillator 
coil to  increase its frequency  un til syn
chron isation  is just regained. T o de te r
m ine the exact setting a t w hich this 
occurs, in term ittently  rem ove the syn
chronising pulses by sw itching the  tuner
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to a  vacant channel and carefu lly  adjust 
the oscillator coil.

13. R ender the  if strip  inoperative by 
applying an app ro p ria te  bias. Short- 
circuit the signal grid of the  synchro 
n isation  sep ara to r to  its cathode. A pply 
the ou tp u t from  the  afc test un it to 
the grid o f the  video am plifier and 
ro ta te  the  pulse repetition  frequency 
contro ls anti-clockw ise to  reduce the 
num ber of slanting bars on the picture 
tube un til none is visible. T he fre 
quency m eter now  indicates the  — A f  
lock-in range.

TEST 4

H ere the p rocedure  involves the  m ea
surem ent o f the  frequency d rift of the 
horizon tal oscillator during w arm  up  in 
the absence of synchronisation. The 
detailed procedure  is as follow s:

1. W ith the  receiver operating  norm ally  
on a  b roadcast transm ission observe the 
ou tpu t of the  synchronisation  separa to r 
on a CRO. D isplay one or tw o h o ri
zontal synchronisation  pulses on the 
CRO. N ote  the pulse am plitude and 
shape.

2. R ender the if strip  o f the receiver 
inoperative by applying an appropria te  
bias.

3. R ender any noise cancelling o r noise 
gating devices in the receiver in o p era 
tive.

4. C onnect the  ou tp u t from  the afc 
test un it to  the grid of the  video am pli
fier

5. A djust the  pulse am plitude until the 
am plitude and shape at the  synchron i
sation  sep ara to r ou tp u t a re  ap prox i
m ately the  sam e as those observed in 
step 1.

6. A djust th e  pulse repetition  frequency 
controls to  p roduce  a p rf o f 15,625 cps 
(nu ll) and  th en  align th e  horizon tal 
oscillator as specified by the m anufac
turer.

7. Switch off the  receiver and allow 
it to cool to  am bient tem perature.

8. R em ove th e  synchronisation  pulses 
from  the  phase  detector by short-c ir
cuiting the  grid of the synchronisation  
sep ara to r to  its cathode.

9. Switch on the  receiver and m easure 
the frequency  of the  oscilla to r w ith the 
aid of the  afc test un it by varying the 
pulse repetition  frequency so th a t it 
corresponds to  the  oscillator frequency. 
R otate the pulse repetition  frequency 
contro ls so as to  reduce the  num ber 
of slanting bars on the  p ictu re  tube  until 
none is visible. T he audio  frequency 
m eter now  indicates the  frequency  drift.

T E ST  5

T est 5 involves the  m easurem ent 
of the  free-running frequency  sh ift of 
the  ho rizon tal oscillator circuit due to 
supply  voltage fluctuations. T his form  
of frequency shift follow s the  variations 
in th e  supply voltage ra th e r quickly, but 
sufficient tim e should be allow ed after 
the  voltage change to  perm it the  cathode 
tem pera tu re  of the  valves to  stabilise.

T he receiver should be adjusted fo r 
n o rm al operation  using the afc test unit 
as a source o f synchronising pulses. T he 
receiver should  be prepared  as indicated 
in Test 4 and the  m easurem ent com 
m enced w hen the  frequency  of the  h o ri
zon tal oscillator has becom e sufficiently 
stable. A  tim e in terval of approxim ately  
one m inute should be allow ed from  the 
m om ent the  voltage is changed before 
a  frequency  m easurem ent is m ade.

Note
D ue to  coupling betw een the  vari

able oscilla to r and th e  crystal con
tro lled  oscillator the  fo rm er will lock 
w ith th e  la tter when their frequencies 
are  approxim ately  8 cps apart. The 
m easurem ent o f the  frequency  of deflec
tion  oscillators therefo re  is inaccurate 
fo r  frequencies w ithin the  range of
15,625 ±  8 cps.

PAL Demonstration 
in London

In  response to  an in v ita tion  by the 
Institu te  o f E lectrical Engineers, Dr. 
W alter Brucli recently  held in L ondon 
a pub lic  lecture w ith a subsequent dis
cussion  on the P A L  co lour TV system, 
w hich he  developed as an  organic ex
tension  and im provem ent of the A m eri
can N T SC  system.

Dr. Bruch, who has a lready dem on
stra ted  PA L  in the U .K . several tim es, 
said th a t the developm ent o f the NTSC 
system  was a great technical achieve
m ent at th a t tim e. But he  em phasised 
th a t there  are a num ber o f factors w hich 
do no t always ensure optim um  p icture  
q ua lity  in the  p ractica l app lication  
(transm ission) o f the  N T SC  system. Dr. 
B ruch explained that the PA L  system 
he has developed em bodies all the m erits 
o f N T SC  and th a t the  experience 
gathered  w ith N TSC  in the U.S.A. can 
be fu lly  im plem ented in PA L due to 
the re la tionsh ip  betw een th e  two sys
tems.

W ith  the  assistance o f th e  BBC p ic
tures w ere laid  in to  the dem onstra tion  
room  over a  cable link w hilst the 
dem onstra tion  was tak ing  place. By 
m eans of artificial d isto rtions the better 
co lou r stab ility  o f PA L  was show n in 
com parison  w ith NTSC.

Just recently the B ritish  R ad io  and 
T V  M anufac tu rers’ A ssocia tion  recom 
m ended the  general ad o p tio n  o f the 
PA L  system  in  th e  fu tu re  E uropean  
co lour TV services.
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