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Fig. 328 - Vertical-switch circuit.

latter feedback waveform and, therefore, offers
limited control over the exact point at which
the switch turns on.

Driver Stages—Two common-emitter stages
(predriver and driver) provide the amplifi-
cation required to increase the amplitude of
the vertical-switch output sufficiently to drive
the vertical-output stage. Fig. 329 shows a
simplified circuit diagram of the driver stage.

The vertical predriver employs an n-p-n
transistor Qs that is directly coupled to the
p-n-p transistor Q2 used in the driver stage.
The emitter-supply voltage for the driver is
obtained from the voltage-divider network
formed by resistors Rs and Re. The collector
load of the driver consists of the parallel
combination of the 680-ohm resistor R4 and

Ry

the base-emitter junction of the output-stage
transistor Qq. The service switch Sy included
in the emitter circuit of the driver can be used
to cut off the vertical scanning during set-up
adjustments of the picture tube if desired.
When this switch is closed, the emitter of the
driver is shorted to ground, and no vertical-
deflection signals are developed.

The predriver input waveform is supplied
by the charging action of the Miller-integrator
capacitor Cm, which is charged through the
height-control potentiometer Rur. The height-
control supply voltage is made relatively
immune to temperature-caused variations by
the thermistor Ry. This supply also receives
some dynamic regulation from a voltage
supplied from the horizontal-deflection system.
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CONTROL Rz 0.47
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|
|
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Fig. 329 - Vertical predriver and driver stages.
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Fig. 330 - Transformer-coupled vertical output cir-

cuit.

The addition of this regulating voltage helps
to maintain a constant vertical height with
respect to horizontal-scan and high-voltage
variations.

Vertical Output Stage—Fig. 330 shows the
circuit details for the output stage of the
vertical system. This stage, which is directly
driven by the driver circuit, uses a transistor
operated in a common-emitter amplifier
configuration to develop the power necessary
to produce the required vertical deflection of
the picture-tube beams. The collector-load
circuit consists of the vertical-output trans-
former Ty and the vertical convergence
circuitry. The secondary of the vertical-output
transformer is loaded by the vertical yoke
windings, two feedback paths, and the pin-
cushion-correction circuitry. The Miller-inte-
grator capacitor Cu is coupled to the 5.6-ohm
feedback resistor Rg, which is connected in
series with the output-transformer secondary
and the windings of the vertical-deflection
yoke. Two feedback waveforms are provided
from the output stage (from separate secondary
windings on the output transformer) to the
vertical switch to assure stable, self-sustaining
switch operation.

The diode Dy and the filter network formed
by resistor Rz and capacitor C; form a
protective clamp circuit for the output tran-

sistor. Positive-going retrace pulses cause the
diode D1 to conduct and capacitor Cy charges
rapidly through the short-time-constant path
provided by diode Dy and resistor Rz. After
the retrace pulse is removed, the capacitor
attempts to discharge through the resistor Ra.
Because of the long-time-constant path pro-
vided by this resistor, the capacitor is only
allowed to discharge an amount sufficient to
assure a voltage differential across the diode
when the retrace pulses occur. This action
effectively clamps the collector output of
transistor Q1 to the voltage across capacitor
Cy. The pulses that appear across this capacitor
during the conduction of the diode are coupled
by capacitor Cz to the television-receiver
video-amplifier circuit for use in vertical-
retrace blanking.

Linearity Clamp—A circuit referred to as
the linearity clamp is included in the vertical-
deflection system to assure that sufficient
initial-scan charging current is provided for
the Miller-integrator capacitor. Fig. 331
illustrates the action of this circuit. _

When the Miller-integrator capacitor Cw is
discharged by the vertical switch at the end of
a vertical-scan interval, the capacitor dis-
charges into the base circuit of the predriver
stage, and the predriver transistor is cut off.
The positive voltage that then appears at the
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Fig. 331 - Linearity clamp.

collector of the predriver transistor forward-
biases the p-n-p linearity-clamp transistor,
and current flows through this transistor,
resistor Rz, and the vertical switch. After
approximately 700 microseconds, the vertical
switch turns off, and the current through the
linearity clamp is used to provide rapid initial
charging of the Miller-integrator capacitor
Cwm. As the initial charge quickly builds up on
the capacitor, the predriver and driver stages
start to conduct, and the base-emitter junction
of the linearity-clamp transistor is reverse-
biased by the voltage drop across the base-
emitter junction of the driver transistor. This
action cuts off the linearity-clamp circuit and
initiates another vertical-scan interval. The
Miller-integrator capacitor continues to charge
through the height-control potentiometer Rur
for the duration of the scan interval.

Vertical-Deflection Circuit Using a
Complementary-Symmetry
Output Stage

The introduction of complementary pairs
of power transistors has led to the development
of class B transformerless output stages that
are both economical and efficient. In vertical-
output applications, such circuits may be
capacitively coupled to the yoke because of
this arrangement, the output transformer,
togeither with the problems of non-linearity,
low-frequency phase shift, and excessive
retrace pulse amplitudes associated with the
transformer, can be eliminated. Regardless of
the type of output stage used, the generation

of a linear sawtooth by use of the Miller-
integrator circuit has become widespread.

Fig. 332 shows a block diagram of a
vertical-deflection system of this type that
uses a true-complementary-symmetry output
stage. The vertical switch controls the free-
running frequency of the vertical system. The
high-gain amplifier consists of a direct-coupled
predriver and driver, in addition to the true-
complementary-symmetry output stage. The
output stage is capacitively coupled to the
convergence circuitry and the vertical-deflec-
tion yoke.
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Fig. 332 - Block diagram of a vertical-
deflection system that uses a
true-complementary-symmetry
output stage.

Vertical-Switch and Predriver Circuit—Fig.
333 shows the circuit configuration of the
predriver circuit and its interconnection with
the vertical-switch circuit. An increase in the
positive voltage at the junction of resistors R12
and Ry3 will increase the raster height because
the major source of the voltage to Ria is
obtained from the +15-volt regulated supply
through resistors Ry1 and R12. As the resistance
of Rz is decreased, raster height increases. If
the set-up switch Sy is closed to the service
position, the supply to Rss is diminished
practically to zero, and the raster collapses.

Because the output-stage transistor Qs is
cut off while the top half of the raster is
scanned, the voltage at the collector of this
transistor is zero until vertical scan reaches the
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Fig. 333 - The vertical predriver with its inputs.

center. During the bottom half of scan, the
collector current of output transistor Qs
increases linearly, so that the voltage fed back
to Rya tends to “stretch” the lower part of the
raster, to overcome some tendency towards
bottom compression. Feedback to the vertical-
switch transistor also is derived from resistor
R,.

The remaining input to resistor Ria is
obtained from the horizontal system. As high-
voltage return current to the brightness limiter
increases or decreases, the voltage at the
junction of Rs and Re also varies. An increase
in picture-tube current, therefore, reduces
slightly the voltage to the height control and
causes a slight decrease in vertical deflection.
This action causes scanning height to track
scanning width.

A feedback signal is fed to capacitor Cg
from the junction of the system feedback
resistor R4 and the yoke. If the effect of
capacitor Cs is ignored, the voltage at this
point reaches its maximum positive value at
the beginning of scan, passes through zero,
and reaches its maximum negative value just
before vertical retrace. Therefore, the feedback

to the predriver transistor Qz is degenerative,
because voltage at the base of Q2 tends to rise
throughout the scanning interval. Capacitor
Cs is used tofilter out any horizontal-deflection
voltage which may be present.

The transistor vertical-switch circuit shown
in Fig. 334 performs three functions. It controls
the free-running frequency of the vertical-
deflection system, allows synchronization with
the received signal, and determines the dura-
tion of vertical retrace. The overall vertical
system may be considered as a free-running
oscillator. The base of switch transistor Qy is
returned to the supply voltage (height-control
B+) through resistor Rz, the hold control, and
a 680-kilohm resistor Rs. If no sync pulses are
present at the moment after the end of retrace,
capacitor Cs begins to charge, and the base of
Q1 begins to swing positive. When Qq begins
conducting (about 17 milliseconds later),
predriver and driver transistors Q2 and Qs
shown in Figs. 333 and 335 respectively,
conduct less, and the output transistor Qs
which was cut off during the lower half of
vertical scan, resumes conduction. Because
the voltage across the yoke inductance leads
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Fig. 334 - Vertical-switch circuit.
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Fig. 335 - Vertical driver, output, and
simplified yoke circuit.

the current through it, a sharp positive pulse
appears at the input to resistor Ry, and this
pulse, coupled to the base of Qs, drives Q, into
saturation. This transition of Q, from cutoff
to saturation is very rapid.

Capacitor Cs and inductor L, connected
from the junction of resistor Ry and capacitor
Cs to ground, are series resonant at the
horizontal-scan frequency, and shunt to
ground any 15.734-kHz energy which may be

present. The presence of horizontal ripple at
the vertical switch tends to synchronize the
vertical scan with the horizontal scan and
causes a degradation of interlace. Resistor Rg
and capacitor C; shape the feedback pulse so
that the transition of Q: from cutoff to
saturation is as rapid as possible.

When Qy saturates, Q4 reaches maximum
conduction, and the yoke current rises to
maximum in the direction which produces
maximum upward deflection. During retrace,
the base current of transistor Qy charges
capacitor C negatively. The duration of the
scanning is determined by the length of time
required for the base of Qs to become
forward-biased once more.

A second feedback circuit improves the
frequency stability of the oscillator circuit.
During the top half of scan, output transistor
Qs is cut off, and the voltage at the junction of
resistors Re and Rio is essentially zero.
Therefore, the voltage rise at the base of
switch transistor Qs is exponential. But, as
scan nears the bottom of the raster, transistor
Q4 conducts, and causes a positive voltage to
be developed across resistor Re. This voltage
sharpens the voltage rise at the base of Q, so
that its transition from cutoff to saturation is
more rapid. Similarly, the sharp drop involtage
across Re (from maximum to zero during the
first half of retrace) enhances the cutoff
characteristics of the Qs circuit.
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The composite sync signal is introduced
into the vertical system at terminal 12. Resistor
Rz and capacitor Cz integrate the input so that
the horizontal sync pulses are reduced in
amplitude to about 8 volts and the vertical
pulses about twice this amplitude. Since diode
CR1 has about 12 volts of positive bias on its
cathode, only the vertical sync pulse can pass
to the switch transistor. If the free-running
frequency of the vertical system is slightly less
than the vertical-sync rate, Qi is at the
threshold of conduction when each sync pulse
arrives, so that the vertical system is synchro-
nized at the vertical-sync pulse rate.

Vertical Driver and Output Stage—Fig.
335 shows the schematic diagram of the
vertical-system driver and of the output stage
with the yoke circuit simplified. The circuit
configuration is very similar to that of a high-
quality audio power amplifier. The yoke itself
is analogous to the speaker voice coil, Cc is the
coupling capacitor, and Ry is the equivalent of
the total resistance of the yoke and convergence
circuit. The value of capacitor Cc is selected to
provide maximum energy transfer at the
vertical scanning frequency. Feedback to the
Miller capacitor is developed across resistor
Ri13, and capacitor Cyo is a filter.

During retrace, transistor Qs is cut off, and
its collector voltage rises towards the supply
voltage; however, the 65-volt zener diode CR4
limits the maximum base bias of transistor Qa4
and, in this way, limits the yoke retrace
current. During the scanning interval, the
bases of transistors Q4 and Qs are driven
progressively less positive at a linear rate.
Conduction is through Q4 during most of the
retrace time and as scan passes from the top of
the raster to center. The voltage across
capacitor Cc at vertical scan center has reached
maxim  (90° out of phase with the current),
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and during the lower half of scan, capacitor
Cc discharges back through the yoke and
transistor Q4. This current increases at a linear
rate, because the forward bias on the base of
transistor Qg is increasing at a linear rate.

The diode connected between the bases of
transistors Q4 and Qs improves the switching
characteristics of the transistors at mid-scan.
Qs has zero bias as long as Q4 is conducting.
Therefore, only slight voltage swings are
necessary to cut off Q4 and turn on Qs at the
center of the raster. If the diode were shorted
or bypassed, reverse bias would exist between
base and emitter of Qs while Q4 was con-
ducting, and consequently there would be
appreciably more disturbance in the circuit
during transition time.

Vertical-Deflection Circuit Using a
Quasi-Complementary-Symmetry
Output Stage

A disadvantage of the true-complementary-
symmetry vertical-output circuit is the higher
cost of p-n-p power transistors in comparison
to n-p-n power transistors.

Fig. 336 shows the complete circuit diagram
for a vertical-deflection system that uses a
quasi-complementary-symmetry output stage
to drive a low-impedance toroidal yoke (L=950
microhenries, R=1.5 ohms). This system is
basically the same as the true-complementary-
symmetry output stage, with the exception of
some minor modifications necessary to supply
the higher deflection current required for the
toroidal yoke.

Transistors Qs and Qs are functionally
equivalent to the n-p-n output device in the
true-complementary-symmetry circuit; tran-
sistors Q4 and Qg are equivalent to the p-n-p
device.
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Ultrasonic Power Sources

Ultrasonics is a term applied to a field of
engineering in which high-frequency acoustical
energy is used to effect an ultimate improve-
ment in a product or process. The improvement
may take place in cleaning, soldering, welding,
drilling, defoaming, and degassing, or in
control, measurement, detection, and medical
diagnostics.

The frequency range used in ultrasonics is
typically between 15 kHz and 10 Mhz. A few
applications employ lower frequencies to
achieve maximum particle displacement; at
these lower frequencies, however, the power
level ‘must be kept low to avoid painful
discomfort to those working in the vicinity. In
testing applications, higher frequencies are
required because the smaller the wavelength,
the smaller the flaw that can be detected.

The power level used in ultrasonic engin-
eering depends upon the application. Large-
scale industrial-cleaning operations may re-
quire many kilowatts, while measuring and
testing applications may require only a few
microwatts. Table XXVIII lists some of the
general industrial applications of ultrasonics,
together with a brief description of the various
applications and the typical power level and
frequency required for each.

CHARACTERISTICS OF
ULTRASONIC TRANSDUCERS

Many devices can be used to produce
ultrasonic energy; these devices are called
transducers. All transducers can be classified
in one of three groups: mechanical, magneto-
strictive, or electrostrictive. Mechanical trans-
ducers are applied for the most part to the
production of acoustic and ultrasonic oscilla-
tions in air or other gaseous media. Mechanical
transducers used as sources of ultrasonic
waves in air include whistles, gas-jet generators,
and sirens. The power sources used in these
devices usually incorporate a type of pressu-
rized gas or fluid. The gas and liquid trans-

ducers convert a steady mechanical force into
a vibratory mechanical force.

In solids, however, the same effect is not
possible. In this case a source of electrical
energy at the required operating frequency is
converted into a vibrating mechanical force.
This conversion is accomplished through the
use of special materials which have magneto-
strictive or electrostrictive properties.

Magnetostriction is the name applied to the
change in length of a magnetic material under
the influence of an external magnetic field.
Whether a magnetic material (such as iron,
nickel, cobalt, or a magnetic alloy) lengthens
or shortens depends on a property of the
material and is not dependent on the direction
of the magnetic field. Fig. 337 shows the strain
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Fig. 337 - Strain as a function of magnetic

field strength for several magneto-
strictive materials.

(changein length per unit length) as a function
of magnetic field strength for several magneto-
strictive materials. The figure shows that
nickel gets shorter as the magnetic field is
increased, while Permendum gets longer. Fig.
338 shows how a bar of material that has a
positive strain coefficient (lengthens with
increased magnetic field) would react to an
alternating magnetic field with no static biasing
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Power Range

Frequency Range

Application Description (Watts) (kHz)
Ultrasonic cleaning |Cavitated cleaning 50 to 25,000 20 to 40
and degreasing solution scrubs (Typically 100 watts
parts immersed in per gallon of
solution. solution).
Drilling, cutting, and |Abrasive slurry 50 to 2,000 16 to 30
polishing of hard between vibrating
and brittle materials. | tool and work piece
cuts into material.
Soldering and Ultrasonically vibrat- 0.5 to 250 16 to 30
brazing. ing solder removes
oxide film eliminating
the need for flux.
Welding metals and |Vibrating tool gener- 10 to 1,000 16 to 30
plastics. ates high tempera-
ture at interface of
the two materials.
Emulsification, Mixing and homo- 100 to 2,000 16 to 1,000
dispersion, and genizing of liquids,
homogenization. slurries and creams.
Control and measure-|Interruption or deflec- 0.1to 50 16 to 45
ment, alarm systems,| tion of beam, damp-
counting. ing of transducer.
Flaw detection. Determination of size 0.5t0 20 1,000 to 10,000
and location of flaws
in solids by the pulse
echo technigue.
Medical: surgery Ultrasonic surgical 1to 1,000 100 to 10,000

and diagnostics.

knife cuts through
tissue. Locating
tumors and other
flaws using the
pulse-echo

technique.
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Fig. 338 - Reaction of a bar of material that

has a positive strain coefficient to
an alternating magnetic field when
no static biasing field is used.
Waveforms show changein length
of bar (top) and alternating current
(bottom) used to produce the
magnetic field.
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field. The figure shows that the bar vibrates at
twice the generator frequency and that the
amplitude is AL peak to peak.

Fig. 339 shows the effect of adding a static
biasing magnetic field. This bias could also be
supplied by a permanent magnet. The dc bias
field yields an initial displacement AL. Under
these conditions, the bar oscillates about its
equilibrium position at the frequency of the
generator with a peak-to-peak amplitude of
2AL.
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Fig. 339 - Reaction of bar of material that

has a positive strain coefficient to
an alternating magnetic field when
static biasing is employed. Wave-
forms show change in length of
bar (top), alternating current used
to produce alternating field (cen-
ter), and direct current (bottom)
used to produce the bias field.

The piezoelectric effect is a phenomenon
that occurs in certain crystals; the crystals are
deformed when subjected to an electric field.
The converse is also true; i.e., if the crystal
(quartz, Rochelle salt, barium titanate) is
strained, an electric charge appears at its
edges.

The piezoelectric effect in the first mode is
used in the generation of high-frequency sound
waves. This effect is accomplished by appli-
cation of an alternating voltage of the desired
frequency to the crystal. Fig. 340 shows an
example of this method.

In the design of equipment that uses
electromechanical transducers, a useful equi-
valent circuit for the transducer must be
available. Fig. 341(a) shows the equivalent of
a magnetostrictive transducer in which Za, Zg,
and N depend upon the magnetic and physical
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Fig. 341 - (a) Actual equivalent circuit and

(b) simplified approximation of a
magnetostrictive transducer.

properties of the core material. Fig. 341(b) is
an approximate equivalent circuit for the
transducer. The reactive component of the
input impedance is attributed primarily to the
inductance of the winding. This inductance is
a function of the number of turns and the
transducer core material. The resistance R
represents the mechanical load. To obtain
mechanical energy, it is necessary to provide
electrical power to this resistance. Because
magnetostrictive transducers, usually operate
with a static bias field, a dc component of
current must be supplied to the transducer.
Fig. 342 shows a typical circuit.

In the circuit, the choke is used to prevent
the high-frequency signal from shorting
through the low-impedance dc supply. The
capacitor C is required to prevent dc from
flowing through the generator. In addition,
the value of C can be chosen so that the
inductive reactance of the transducer is
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Fig. 342 - Circuit showing application of

electrical power to a magneto-
strictive transducer.

cancelled (series resonance).

Fig. 343(a) is the equivalent circuit for a
piezoelectric crystal; Za, Zs, and N are
functions of the electrical and physical pro-
perties of the crystal. Fig. 343(b) shows the
approximate equivalent circuit used to re-
present a piezoelectric transducer for the
purpose of making calculations. The capaci-
tance is usually tuned out by use of either a
parallel or series inductor in the matching
circuit between the generator and transducer.
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Fig. 343 - (a) Actual equivalent circuit and
(b) simplified approximation of a
piezoelectric crystal.

ULTRASONIC GENERATORS

The majority of ultrasonic applications
employ a continuously oscillating power
source. In fact the only application listed in
Table XXVIII that does not make use of a
continuous wave is flaw detection by the
pulse-echo technique. For this reason, the
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following discussion of ultrasonic power
sources is limited to the continuous-wave
type. Table XXVIII shows that most of the
frequencies and power levels required are such
that transistors can be used in the power
generators. Therefore, the power sources
discussed below are of the solid-state type.

The waveform delivered to the transducer
can be of the square or sinusoidal type. As a
result, there are four basic methods of power
generation:

1. A low-power square-wave inverter fol-
lowed by a class B push-pull power
amplifier,

2. A square-wave power inverter that drives
the load directly,

3. Alow-power sine-wave oscillator followed
by a class B push-pull amplifier,

4. A self-oscillating power amplifier that
drives the load directly.

The detailed explanation of circuit operation
and design procedures for each of these circuits
is given in other parts of this Handbook.

If the transducer used can operate with a
square-wave power source, then an inverter
should be used because it affords very high
efficiency. However, if the electromechanical
transducer is required to deliver sinusoidal
power to its load (cleaning solution, abrasive
slurry, and the like), sinusoidal electrical
power must be delivered to the resistor
representing the load in the equivalent circuit
of the transducer.

Inverter Circuits

Fig. 344 shows one method of obtaining a
voltage sine wave across Ry. In this circuit, the

MATCHING
NE TWORK

92CS-36322

Fig. 344 - Use of a transducer and resonant

matching network to convert a
square-wave input to a sinusoidal
output. Reactive component of
transducer is used as the shunt
inductor or capacitor of the
matching network depending
upon whether a magnetostrictive
or electrostrictive type of trans-
ducer is used.
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generator supplies a square-wave voltage; the
matching network filters out the harmonics so
that only the fundamental component remains.
The matching network includes the reactive
component of the transducer as a shunt
inductor or capacitor, depending upon whether
the transducer is of the magnetostrictive or
electrostrictive type. In other words, the
reactive component of the transducer is used
as part of the filter. With this type of network,
a transistorized inverter can be used to drive
the transducer. The Q of the series tuned
matching circuit should be at least 5.

The simplicity of this type of system is
shown in Fig. 345. In the push-pull inverter
with a series tuned load, each transistor
provides current half of the time. The current
flows only during the time that the transistor
collector-to-emitter voltage is near zero
[Vce(sat)]. During the half-cycle when the
voltage across the transistor is equal to 2Vcc,
there is no current flow. During both half-
cycles, thedissipation in the device is very low.
Theoretically, then, the efficiency could be
very high. A thorough analysis and detailed
design procedure for inverters is given in the
section on Power Conversion.

Class C Oscillators

One disadvantage of the inverter approach
is that the fundamental frequency is determined
by the feedback network. Any time there is a
change in the reactance of the load, its resonant
frequency changes and the operating frequency
of the inverter must be adjusted to the new
resonant frequency. If the frequency is not
adjusted, the power delivered to the load

Power Transistor Applications Manual

decreases and the power dissipated in the
transistor increases. With most practical
transducers, the reactive component is con-
tinually changing.

One method used to overcome this problem
is to let the load determine the frequency by
use of a tuned-load class C oscillator, such as
that shown in Fig. 346. With thisarrangement,
the operating frequency is always the resonant
frequency of the load.
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Fig. 346 - Class C oscillator that operates

into a tuned load circuit.

Fig. 347 shows that the class C oscillator
provides a pulse of current to the load. The
load is parallel tuned; the voltage across the
load, therefore, is sinusoidal. The period (T)
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Fig. 347 - Simplified equivalent circuit for
the class C oscillator shown in
Fig. 346.
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Fig. 345 - Use of a push-pull switching
inverter to drive a transducer that
forms part of a series-tuned load

circuit.
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of the current pulse is equal to the reciprocal
of the resonant frequency f, of the load.
Therefore, if f, changes, there is a corre-
sponding change in T. Fig. 348 shows the
collector voltage and collector current for the
class C oscillator.
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Fig. 348 - Collector voltage and current
waveforms for the class C oscil-

lator shown in Fig. 346.

The magnitude of the collector-current pulse
is determined by the load power. The current
peak occursat Vce(sat), which is approximately
zero. As the conduction time of ic is made
smaller, the efficiency increases; however, ic
must also increase to maintain the same power
output. In the limit, an infinite pulse of zero
width would yield 100-per-cent efficiency.
However, this limit would require an infinite
circuit Q. It can easily be shown that, for a
fixed Vcc the power output is proportional to
thearea under the current pulse shown in Fig.
348, where the area is determined by the
magnitude and conduction angle of the current
pulse. The maximum value if ic is limited by
the maximum current rating of the transistor
used. The maximum power output [for a
given Vcc and Ic(max)], therefore, is propor-
tional to the conduction angle. However,
because the efficiency is inversely proportional
to the conduction angle, it is obvious that
some sort of compromise must be made. The
following examples should help to determine
the best compromise:

Example No. 1—In class C oscillators, the
maximum collector voltage rises to a value
equal to twice the supply voltage[i.e., Vee(max)=
2Vcc], asindicated in Fig. 349. This condition
occurs when the transistor is reverse-biased.
The Vcev(sus) rating of the transistor used,
therefore, should be equal to, or greater than,
2Vcc. Therelationship between dcinput power
Ps, power delivered to the load Py, transistor
dissipation Py, and circuit efficiency n can be
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Fig. 349 - Collector voltage and current

waveforms for an oscillator circuit
that has a conduction angle of
180 degrees.

calculated for a typical transistor operated in
a circuit of this type. The parameters assumed
for the transistor are as follows:

Vcev(sus) = 100 volts

Ic(max) = 20 amperes

Ta(max) = 200°C

TRy-c (includes heat sink) = 3°C/ W

Ta = 80° C (ambient)

For these parameters, P4 should not exceed
(200 - 80)/3, or 40 watts. For Vcc=100/2=50
volts, Ip=Ic(max)=20 amperes, and the con-
duction angle §=7m (maximum power output),
the quantities Ps, P, Pg, and n are calculated
as follows:

1 2w
P.=——[ Vecicdd
2r o

vV m
S prsin0d0
2 7
Vee | ™
=[ coe (—cose)]
2w 0
VCCIp
= 1+1
2Tr( )
Ve |
= 2°°® - 0317 Vee 1,2320 watts
m
1.
P. = — Vecsin81,sin 6 dé
2m
Veclp T Vee |
=P [Ginf6do = ——2F
2r 0

0.25 Vee I = 250 watts
Py = Ps — P = 0.067 Vec Ip = 70 watts
n = P /Ps = 78%

The calculated value for the transistor

dissipation (P4=70 watts) exceeds the maxi-
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mum allowable value (40 watts). This condition
indicates the value calculated for the maximum
power output (P.=250 watts) cannot be
obtained because of thermal limitations.

Example No. 2—If the conditions V¢c=50
volts and @=m are maintained, then the
efficiency n is still 78 per cent. The peak
current I, therefore, must be reduced so that
the transistor dissipation Py does not exceed
40 watts. (The same heat sink and thermal
temperature used in example No. 1 are
assumed.) The new value of I, is calculated as
follows:

P4=0.067 Vcc 1,=40 watts

1p=40/(0.067 x 50)=11.9 amperes
The power delivered to the load P. then
becomes

P =(0.25)(50)(11.5)=149 watts

Although the transistor current is only
slightly more than one-half the maximum
current rating, the dissipation is equal to the
maximum allowable value under the given
conditions. In other words, the junction
temperature is at its maximum rating.

Example No. 3—If the conduction angle is
decreased to 1/3 of the cycle (i.e., 8=2m/3=
120°), the transistor dissipation is substantially
reduced. Fig. 350 shows the collector current
and voltage waveforms for this condition. If
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ST]
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Fig. 350 - Collector voltage and current
waveforms for an oscillator circuit
that has a conduction angle of
120 degrees.

all other conditions are assumed to be the
same as for example No. 1, the dc input
power, load power, transistor dissipation, and
efficiency are calculated as follows:

1 f5"/6 3
Ps = — Vee Ip sin — 6dé
s 206 cc Ip sin 2

[vcc L{ 2 3 )] sm/6
— —cos — 8
2 3 2 w6
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—VeeIp [ 3 ( 511)
= Cos _ | —
37
— COS —| —
6
Vee Ip

T (2)( \/2_)

= 0.15 Vec I = 150 watts
1 sm/6
P.=—] Vccsmﬂlpsm—ﬂdﬁ
_ Vee Ip f”/6

sin| — — l)
Vcc Ip 2

sin 6 sinz3 8de

2
5 Sm/6
sin —
1 2
sin — § —
2 5 |
/6
VCC p
= o (0.966—0.05—0.26+0.193)
0.85
= VecIp = 0.135 Vee Ip
2
= 35 watts
Py = Ps — P = 0.015 Vec Ip
= 15 watts

n = P./Ps = 90 per cent

For a conduction angle of one-third of a
cycle, therefore, the transistor is not limited by
power dissipation under the conditions stated.
The transistor can operate at full voltage and
current ratings. If the heat sink used in
examples Nos. 1 and 2 is employed, the
junction temperature is maintained well below
the rated level.

Example No. 4—The design of a practical
class C oscillator which has a conduction
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angle 8 of 120° and an over-all circuit efficiency
n of about 80 per cent is illustrated by the
following example:

The design conditions are as follows:

Vee=50 volts; PL=125 watts
R =1000 ohms in parallel with a 0.005-
microfarad capacitor

f=25 kHz

TRus=2°C/ W

Ta=80°C

6=2m/3
For these conditions, the following values are
calculated:

P.=(0.135) (Vee) (1)
125=(0.135) (50) (Ip)

Ip=18.5 amperes

P4=(0.015) (50) (18.5)=14 watts

The Q of theload circuits, which is equivalent
Ry/27fL for a parallel tuned network, is 2.5.
The value of the load-circuit inductance L,
therefore, may be calculated as follows:

L=1000/(2m) (25) (103) (2.5)
=2.5 millihenries

Theload-circuit capacitance then is determined
as follows:

2mf=1/(LC)"?
C=0.01 microfarad

Because the load resistance Ry is shunted by a
capacitance of 0.005 microfarad, the actual
value of the capacitor used inthe output tuned
circuit is 0.015 — 0.005, or 0.01 microfarad.
The transistor requirements are as follows:

Vcev(sus) = 2 Vee=100 volts

Ic(max) = 18.5 amperes

Py(max) = 14 watts at Tc=108°C
[80° C ambient + (14) (2°C/W)]

Therefore, the thermal resistance from junction
to case O)-¢ < 7°C/watt.

Information on the selection of core size
and material is given in the section on Power
Conversion. For this design, a toroid of linear
material (Arnold Engineering No. A438381-2
or equivalent) is used. Use of 100 turns of No.
24 wire for the secondary winding provides 2.7
millihenries of open-circuit inductance. This
secondary provides the inductance of the
matching network.

The power output P is equal to 125 watts,
and the load resistance R is equal to 1000
ohms. The peak voltage across the load,
therefore, is 500 volts. The transformer turns
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ratio then becomes

N=500/50=10:1
Ten turns of No. 22 wire, therefore, are
required for the primary. Fig. 351 shows the

schematic diagram of the completed circuit,
and Fig. 352 shows the circuit waveforms.
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Fig. 351 - 125-watt, 25-kHz, class C oscil-

lator.
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Fig. 352 - Current and voltage waveforms

for the class C oscillator shown in
Fig. 351.
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ULTRASONIC POWER AMPLIFIERS

In general, the power amplifiers used to
drive ultrasonic transducers are the same as
those used to drive the loudspeakers in audio-
amplifier applications. The basic design con-
siderations and circuit configurations described
in the section on Audio Power Amplifiers are
applicable, therefore, to the design of power
amplifiers for ultrasonic applications. The
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frequency range of the basic amplifier con-
figurations can be readily extended into the
range of 10 kHz to 100 kHz normally used in
ultrasonic systems by selection of higher-
frequency power transistors, use of smaller
inductive and capacitive coupling components,
and a proper choice of values for feedback
elements.
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Automotive Applications

This chapter discusses the application of
semiconductor power devices to automotive
systems. Automotive systems are broadly
defined to include all surface vehicles em-
ploying internal combustion engines. Power
devices perform a wide variety of functions in
such systems, and many more functions are
being considered.

Table XXIX is a listing of systems showing
the function performed by the power device,
the voltage and current requirements imposed
on the device, and typical devices employed.

GENERAL DEVICE REQUIREMENTS

The performance requirements of power
devices in automotive systems are almost
always dictated by worst-case conditions.
Although they occur infrequently, these con-
ditions must be accommodated in order to
permit the vehicle to function adequately
under all reasonably encountered circum-
stances. Some requirements are imposed so
that minimum system performance levels are
achieved, others are imposed to assure survival
of the power device under transient and fault
conditions to which the device may be exposed.

The following are the most common worst-
case or extreme conditions which must be
considered individually and to varying degrees
in combination:

1. Ambient temperature range.
-40° C (-30° C for selected systems); +85° C
(passenger compartment systems); +100° C
(engine compartment systems)—for some
specialized engine compartment systems
this may reach +125°C.

2. Continuous high system voltage.
For the nominal 14-volt automotive
system an extreme voltage of 24 volts is
usually the maximum voltage which occurs
during “jump” or booster starting of a
vehicle with a dead battery. The jump
start source is from two 12-volt batteries
in series, or from a 24-volt service vehicle

electrical system. The power device must
survive the conditions imposed when the
system voltage goes to 24 volts for short
periods. With the nominal 14-volt system,
the power device must function properly
at 17 to 18 volts for extended periods, in
the event the voltage regulator fails in the
full-field or over-charge mode.

. Reverse battery.

The power device must also survive
conditions experienced when the battery
is inadvertently connected to the system
with reverse polarity for short periods.

. Low system voltage.

Minimum performance levels are usually
required at voltages as low as 5 to 10 volts,
depending on the system.

. Transient voltage (forward polarity).

Forward voltage transients of 75 to 150 V
with exponentially time-decaying wave-
forms having time constants of many 10’s
of milliseconds are experienced in auto-
motive electrical systems if the battery is
disconnected while the engine is running.
This condition is referred to as “load
dump” because it occurs when the stabi-
lizing effect of the battery (the load) is
removed. When load dump occurs, it is
important that the power device have the
voltage-and/ or energy-handling capability
to survive the transient voltage conditions
imposed by the particular system.

. Transient voltage (reverse polarity).

A transient voltage of reverse polarity,
also referred to as a negative transient, is
generated in an automotive system when
a circuit in series with an inductor is
opened under load (see Figs. 353 and
354), while current is flowing, thus inter-
rupting the current. This voltage is also
called a field decay transient which is
normally limited to the specific circuit
being opened, and will not generate a
transient on the system bus to which the
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Table XXIX
Device
Requirements RCA Device
System Function (Approx.)
Voltage Current Type Polarity Class Package
v A
Automotive Controls Current to 40-150 5 2N6107 p-n-p Transistor TO-220
Voltage Regulator Alternator Field 2N6668 p-n-p Darlington TO-220
Winding 2N6669 n-p-n Transistor TO-220
2N6533 n-p-n Darlington TO-220
RCA8766 n-p-n Darlington TO-3
Automotive Output Device: 400 5 2N6513 n-p-n Transistor TO-3
Engine Ignition Switches Current in RCA8766B n-p-n Darlington TO-3
(Inductive- Ignition Spark Coil
Discharge) Driver: Supplies 80 1 2N6385 n-p-n Darlington TO-3
Base Drive to 2N6292 n-p-n Transistor TO-220
Output Device
Automotive Inverter: Charges 60 5 2N3055 n-p-n Transistor TO-3
Engine Ignition Capacitor
(Capacitive-
Discharge)
Automotive Class A Audio 35 1 2N3054 n-p-n Transistor TO-66
Radio Amplifier
Class B True-Comp. 40 15 2N6288 n-p-n Transistor TO-220
Audio Amplifier 2N6111 p-n-p Transistor TO-220
Automotive Motor.Drive 40 1 2N5296 n-p-n Transistor TO-220
Tape Player 2N6288 n-p-n Transistor TO-220
Anti-Skid Solenoid Driver 80 3-5 2N5496 n-p-n Transistor TO-220
Adaptive Braking 2N6388 n-p-n Darlington TO-220
2N3055 n-p-n Transistor TO-3
Air Conditioner Motor Control 80 20 2N6385 n-p-n Darlington TO-3
Blower 2N3772 n-p-n Transistor TO-3
2N5303 n-p-n Transistor TO-3
Instrument Series Regulator 60-80 1-3 2N6668 p-n-p Darlington TO-220
Cluster Lamp Driver 2N6292 n-p-n Transistor TO-220
2N6478 n-p-n Transistor TO-220
2N6388 n-p-n Darlington TO-220
Engine Governor Solenoid Driver 80 1 2N6388 h-p-n Darlington TO-220
Feedback |Solenoid Driver or 80 1 2N6388 n-p-n Darlington TO-220
Carburetor |Stepped Motor Drive 2N6668 p-n-p Darlington TO-220
2N6292 n-p-n Transistor TO-220
Fuel Solenoid Driver 80 5 2N6101 n-p-n Transistor TO-220
Injection 2N6388 n-p-n Darlington TO-220
2N5886 n-p-n Transistor TO-3
Elec- Fuel Motor Drive 80 15 2N6286 p-n-p Darlington TO-3
tronic  |Pump
Engine |Fuel Servo Motor Drive 80 10 2N6383 n-p-n Darlington TO-3
Controls Metering Jor Solenoid Driver 2N6386 p-n-p Darlington TO-3
Exhaust GagServo Motor Drive 80 10 2N6388 n-p-n Darlington TO-3
|Recircula- |or Solenoid Driver 2N6668 p-n-p Darlington TO-3
tion
Cold-Start [Solenoid Driver 80 5 2N6388 n-p-n Darlington TO-220
Control 2N6668 p-n-p Darlington TO-220
Trans- Solenoid Driver 80 5 2N6388 n-p-n Darlington TO-220
mission 2N6668 p-n-p Darlington TO-220
Control
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Fig. 353 - Negative transient condition.
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Fig. 354 - Negative transient condition.

s2 DIODE

lsl

p

i\

~TBATTERY
L L
(o] (4]
A A
SOLENOID )} D
92Cs- 36052

Fig. 365 - Diode suppression of negative

transient.

battery is still connected. However, if the
current interruption is caused by discon-
necting the battery from the system bus,
the resulting transient will appear on the
entire system, unless provision is made to
limit the voltage as the inductor is
discharged.

The negative transient is typically an
exponentially decaying waveform having
a voltage of 75 to 100 volts peak, and a
time constant of several milliseconds.
Loads which can generate the negative
transient are solenoids, the field winding
of the alternator, and motors. In systems
where negative transients can be generated,
the power device must be capable of
surviving the conditions generated by
these transients.

In most circuits when a solid-state
power device is employed to switch the
current to the inductive load, a diode is
connected across the inductive load (Fig.
355) in such a way that the diode is not
disconnected from the load during
switching. This diode limits the voltage
appearing across the inductor to the diode
voltage drop while the inductor is being
discharged. Under these conditions nega-
tive transients will not be impressed on
the system bus.

It is recommended that all inductive
loads including solenoids and motors be
provided with a shunting diode of sufficient
current rating to absorb all negative
transients.

7. Mechanical.
The mechanical shock and vibration
conditions experienced do not significantly
affect device performance. However, the
method used to mount the devices in the
system can introduce conditions detri-
mental to that performance. If excessive
forces are employed in securing the devices
to the mounting structure, permanent
deformation can occur, with resultant
internal damage to the devices. On the
other hand, if device headers are only
loosely secured to mounting structures
that also serve as heat-removal elements,
excessive heating of the device can occur.
8. Thermal cycling.

The device must be of such a design that it
will continue to function in a suitable
manner after repeated thermal cycles to
the extreme temperatures typically ex-
perienced in service. The number of
cycles to be imposed should be consistent
with the service life of the system.

Transistor Requirements

The type of transistor selected for use in
automotive electrical systems is dictated by
the following considerations:

A. The collector-to-emitter saturation volt-
age, Vce(sat), at given Ic and Ip, and the
base-to-emitter voltage, Vge, at given Ic
and Vce. These specifications, which the
transistor must meet in terms of the
indicated conditions and limits are deter-
mined by on-state performance require-
ments imposed by the system at the lowest
battery voltage and at the lowest ambient
temperatures. In some instances, the
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Vce(sat) conditions and limits must also
be specified at the highest junction tempera-
tures consistent with acceptable perform-
ance. Production testing is usually per-
formed at room temperature, with test
conditions and/or limits appropriately
guardbanded to assure that performance
at the temperature extremes is maintained
within the specification limits. Tests at the
temperature extremes are usually per-
formed on a sampling basis.

B. Theleakage specification for the transistor
is determined from the maximum permis-
sible off-state current at the highest
junction temperature, at a high collector-
to-emitter voltage, and with a specific
base-to-emitter termination. A typical
base-to-emitter configuration, shown in
Fig. 356, includes:

1. Base-to-emitter resistor, Rgg.

2. Current sinking transistor, with the
collector of Q1 connected to the base
of Qo, and emitter of Q1 connected to
emitter of Qo. See Fig. 356 which may
be used with or without series resistor
Rs.

DEVICE UNDER
Ry TEST Qo

Q)

92CS-36083

Fig. 356 - Typical transistor circuitconfigu-
ration.

In this circuit the device under test
experiences a small forward bias which is
the Vce(sat) voltage of device Q.

To verify performance at the required
elevated temperature the test may be set
up as follows:

1. As a leakage test: For a maximum
limit of Ic leakage at a specified
collector-to-emitter voltage (Vce) and
forward-bias voltage (Vse) or,

2. Asa forward-bias voltage (Vge) test:
For a minimum Vge at specified Ic
(corresponding to maximum permis-
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sible leakage) and Vce. If a device
exhibits a Ve value below the mini-
mum limit, the device is rejected.

C. The sustaining voltage and breakdown
voltage requirements of a transistor are
usually governed by the voltage the device
will experience in the system under load-
dump conditions. For output transistors
in ignition service these voltages are
dependent on the clamp circuit which
limits the peak collector voltage during
turn-off.

D. Theenergy-handling (safe-operating-area
or SOA) capability of the device may be
dictated by conditions experienced under
high battery operation and conditions
experienced during load dump. In the
case of output transistors for ignition
service, the worst-case condition occurs
under high battery operation with an
open-circuit ignition-coil secondary (dis-
connected spark plug). In testing these
transistors, a “use test” inductive discharge
circuit simulating the above worst-case
system condition is specified to insure
SOA capability.

AUTOMOTIVE IGNITION SYSTEMS

Under worst-case conditions, about 22
kilovolts are required to ignite the combustible
mixture in the cylinder of an automobile
engine. In addition, a minimum energy of
about 20 millijoules must be available in the
spark to assure propagation of a stable flame
front originating at the spark. The exact
values of voltage and energy required under
all operating conditions depend on many
factors, including those described in the
following paragraphs.

Condition of spark plugs—Fouled plugs
reduce both the voltage and the energy
available for ignition. The plug gap also
affects both the voltage and the energy
required. As the plug gap is increased, the
required voltage increases, but the required
energy decreases.

Cylinder pressure—The cylinder pressure
depends on both the compression at the point
of ignition and the air-fuel mixture. The
minimum breakover voltage in any gas is a
function of the product of gas pressure and
electrode spacing (Paschen’s Law). In auto-
mobile engines, the minimum voltage increases
as this product increases. Therefore, higher
pressures also require higher voltages. How-
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ever, the energy required decreases as the
pressure increases, and increases as the fuel-
air mixture deviates from the optimum ratio.
Worst-case conditions occur when the engine
is started, at idle speeds, and during acceler-
ation from a low speed because carburetion is
poor and the fuel-air mixture is lean. The
combination of a lower cylinder pressure and
adilute fuel-air mixture under these conditions
results in a high energy requirement.

Spark plug polarity—The center electrode
of the spark plug is hotter than the outside
electrode because of the thermal resistance of
the ceramic sleeve that supports it. If the
center electrode is made negative, the effect of
thermionic emission from this electrode can
reduce the required ignition voltage by 20 to
50 per cent.

Spark plug voltage waveshape—The spark
plug voltage waveshape is shown qualitatively
in Fig. 357. The voltage starts to rise at point
A and reaches ignition at point B. The region
from B’ to C represents the sustaining voltage
for ionization across the spark plug. When
there is insufficient energy left to maintain the
discharge (at point C), current flow ceases and
the remaining energy is dissipated by ringing.
The final small spike at point D occurs when
the ignition coil again starts to pass current.
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Fig. 357 - Ignition-voltage waveshape.

The two most important characteristics of
the voltage waveshape are its rise time (from A
to B) and the spark duration (from B"to C). A
rise time that is too long results in excessive
energy dissipation with fouled plugs; a rise
time that is too short can lead to loss by
radiation through the ignition harness of the
high-frequency components of the voltage.
The minimum rise time should be about 10
microseconds; a 50-microsecond rise time is
acceptable. Conventional systems have a
typical rise time of about 100 microseconds. It
should be noted that, at an engine speed of
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5000 revolutions per minute, one revolution
takes 12 milliseconds. Engine timing accuracy
is usually no better than 2 degrees, which
corresponds to 67 microseconds. The error
caused by the rise time is therefore comparable
to normal timing errors. At normal cruising
speeds (about 2000 revolutions per minute),
the 2-degree timing error corresponds to about
165 microseconds, and rise-time effects are
negligible.

Energy storage—The energy delivered to
the spark plug can be stored in either an
inductor or a capacitor. Although the inductive
storage method is the more common approach,
both are used. Both are discussed below. One
requirement common to both methods is that,
after the storage element is discharged by
ignition, it must be recharged before the next
spark plug is fired. For an eight-cylinder
engine that has a dwell angle of 30 degrees, the
time 7 between ignition pulses (in milliseconds)
is equal to 15,000 divided by the engine
r/min., and the time ton during which the
points are closed is equal to 10,000/r/min.
When the engine r/min. is 5000, ton is 2
milliseconds. Therefore, the charging time
constant for either an inductive or a capacitive
storage system should be small compared to 2
milliseconds.

Inductive-Discharge
Automotive Systems

Fig. 358 shows the basic circuit for an
inductive-discharge system. The total primary-
circuit resistance (ballast plus coil) is repre-
sented by Rp; the primary inductance of the
coil is represented by Lp. Switch S respresents
the points in a conventional system. The step-
up turns ratio of the transformer is N. When
the points close, current increases exponent-
ially with a time constant t. equal to Lp/Rp.

TO SPARK PLUGS

92CS-24849

Fig. 358 - Basic inductive-discharge igni-
tion circuit (Kettering system).
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Fig. 359 - Performance of conventional
inductive-discharge ignition sys-

tem.

The maximum primary current I, is equal to
Vsear/Rp, and the energy e stored in the coil is
equal to LyI,2/2. When the points open, a
voltage V, is generated across the primary
terminals; this voltage is equal to -Lo(dI,/dt),
where I, is the primary current as a function of
time t. The secondary voltage Vs, which is
delivered to the spark plugs through the
distributor, is equal to NV,.

The maximum current is limited to about 4
amperes by possible burnout of the points.
The total energy stored in the coil must be
about 50 millijoules to provide for energy
losses by radiation, fouled plugs, and the like.
For a battery voltage of 12 volts and a
primary-circuit resistance of 3 ohms, L, must
have a value of about 6 millihenries. The time
constant t_ is then about 2 milliseconds; the
coil current does not reach its maximum value
at high engine speeds. Fig. 359 shows primary
current and secondary voltage as a function of
engine speed for a typical non-transistorized
ignition circuit. The degradation in secondary
voltage follows the primary current. The
available energy decreases even more rapidly
because it is proportional to the square of the
current. This problem can be even more severe
than indicated because some conventional
ignition coils have inductances as high as 12
millihenries, and the time constant is corre-
spondingly longer.

Capacitive-Discharge Systems
Capacitive-discharge (CD) ignition systems

have been in use since the introduction of
silicon controlled rectifiers (SCR’s). The early
recognition and application of the benefits of
the SCR CD ignition in limited areas of the
small-engine market (one-cylinder, two- and
four-cycle engines, and marine engines) has
since expanded to nearly 100 per cent penetra-
tion of that market. Typical applications are
chain saws, lawn mowers, snowmobiles,
motorcycles, mini-bikes, fence chargers and
auxiliary power sources relying on the main-
tenance-free, high performance CD ignition
system. For further discussion of CD systems
refer to the RCA Solid-State Devices Manual,
SC-16.

The emission standards and service restric-
tions imposed on the automotive industry
have made electronic ignition systems all but
mandatory. An improvement in nearly any
part of the engine will help to meet the
emission requirements, and even if the contri-
bution of the electronic ignition to the total
improvement of the performance of the
automobile is considered small, it is significant.
Those areas in which the present system is
deficient and in which the electronic system is
superior are explained below.

The points (contacts) in the standard ignition
system produce ignition timing errors in three
ways, as shown in Fig. 360: 1) wear of the
rubbing block, 2) variations in the cam profile,
and 3) shaft eccentricity. Cam and shaft
eccentricity change the timing of each cylinder
relative to the others. The elimination of these
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1.RUBBING BLOCK
2. CAM
3. SHAFT

(b) MAGNETIC PICKUP

Fig. 360 - (a) Standard ignition timing
system, (b) magnetic pickup
timing system.

points of wear in the ignition-point system is
also helpful in meeting the emissions tests for
50,000 miles without engine service. These
three problems are solved by using a magnetic
pickup, Fig. 360, instead of points. But a
magnetic pickup produces only a small signal,
which necessitates amplification and, hence,
an electronic system.

In summary, the automotive industry is
using electronic ignition to obtain perform-
ance not previously required—more accurate
spark timing and the elimination of the need
for periodic adjustment of the timing.

100 %
o OPTIMUM DWELL
IMPOSSIBLE
DWELL 50% @ @ IDEAL DWELL-NO ACCELERATION
DWELL REQUIRED FOR 4000 RPM/S
() @ ACCELERATION WiTH NO ACCELERATION
CORRECTION
(0] @ POINTS SYSTEM
o 500 1000 2000 3000 4000 5000
RPM
(a) comparison of dwell percentages vs. r/min.
100%
DWELL 50%

o 5060 1500 2500 3500 4500
RPM
(e) two practical dwell curves.
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Legal restrictions prohibit the description
of circuits in use by particular manufacturers;
however, a general discussion of the four
principal characteristics of inductive ignition
systems is appropriate. These characteristics
include dwell, battery-voltage compensation,
high-voltage limiting, and obtaining output-
transistor base drive.

Dwell—Dwell is the portion of the operating
cycle in which the ignition coil is being
charged, and is expressed in either per cent (as
in this discussion), in degrees of crankshaft
rotation (1009 dwell=90° for 8 cylinders;
100% dwell=120° for 6 cylinders, etc.), or in
milliseconds (the amount varies with r/ min.).
Breaker points produce constantpercentage
dwells independent of r/min., as shown in
curve 3 of Fig. 361(a). This is not the optimum
dwell; it is excessive at low r/ min. and wastes
current as shown in Fig. 361(b). At high
r/min., Fig. 361(c), the dwell is more correct.
Fig. 361(d) shows spark energy as a function
of r/ min. for a constant-per cent dwell system.
The minimum dwell is shown in curve 1 of Fig.
361(a). This dwell would minimize the battery
current consumption. A magnetic pickup does
not allow the use of a simple circuit to
compensate for acceleration. One solution
adds extra dwell; this approach produces
curve 2 of Fig. 361(a).

These functions are important because a
magnetic pickup can only produce a 50%

WASTE CURRENT

s Ve

TIME
(b) engine idling at 500 r/min.

e PEAK  CURRENT AT (DLE

ColL.
CURRENT (I¢)
TIME
(c) engine at 5000 r/min (same scale as Fig. 2b).

IRREGULARITIES DUE
SPARK TO POINTS ARCING

ENERGY

IDLE
500 1000

2008 3000 4000
RPM
(d) spark enesgy as a function of #/min for
a constant-percent dwell system.

Fig. 361 - Ignition system dwell waveforms.
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Typical Ignition-Coil Parameters

Turns Ratio 100:1
Secondary 25,000 turns #41
Primary 250 turns #22
Primary Inductance 6to 10 mH
Primary Resistance about 1.5 ohms
Secondary Inductance 40 H
Secondary Resistance 10 kilohms
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Fig. 362 - Operation of a basic ignition circuit. A low engine speed and a disconnected
spark plug are assumed for clarity. The high voltage is generated when the
points located in the distributor open. The capacitor reduces arcing by
decreasing the rate of voltage rise at the points. It also “third-harmonic” tunes
the coil and raises the peak output voltage. The switch shown may be builtinto

the ignition switch, the starter, or the starter relay.

dwell unless electronic circuits are added. The
resultant dwell function will be a compromise
with circuit economics. Two simple, practical,
dwell curves are shown in Fig. 361(e).

Battery-voltage compensation—Some
method must be used to compensate for
battery-voltage variation. Just when the best
spark is needed—during starting—a low
battery voltage exists. When starting, the
plugs and the air are cold, the cylinder pressure
is up, and the fuel mixture is poorly controlled,
so a good spark is needed. The battery voltage
drops as much as 60% because of the high
current drain in the starter motor. Conven-
tionally, this loss in battery voltage is compen-
sated for by shorting a ballast resistor in the
ignition, as shown in Fig. 362. However, when
used with an electronic ignition, this method
causes excessive transistor currents when the
battery is fully charged, or worse if a booster
battery (24 V) is applied by a service truck.
The latter is a worst-case condition for the
transistor; the collector currents can approach
20 A.

An electronic ignition system can be made

to compensate for battery-voltage variations
if the output transistor is made to operate asa
current limiter. However, not only is it difficult
to cool a transistor operating in the active-
region in the hostile environment under the
engine hood, but such operation limits the
number of suitable mounting locations. Also
important is the fact that a system so operated
produces less spark energy than the point
system when the battery is fresh, and this
might adversely affect starting capability when
the engine is hot.

High-voltage limiting—High-voltage limit-
ing is concerned with the method used to
protect the output transistor from excessively
high voltages. All of the systems being used or
considered by the automotive manufacturers
use the standard 100-to-1 turns-ratio coil, and
require the transistor to operate at approxi-
mately 300 V. Either a disconnected spark
plug or a cold start with a good battery can
raise the transistor’s voltage to 800 or 1,000 V.
There are four ways to eliminate the need for a
1,000-V transistor. The coil current can be
limited by the output transistor, as described
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Fig. 363 - Methods of eliminating the need for a 1,000-V transistor in the transistor

ignition system.

above, in which case a 400- or 500-V transistor
would be adequate. The second way is to use a
zener clamp from the transistor’s collector to
its emitter to absorb the energy, as shown in
Fig. 363(a), however, the required 10-W zener
is expensive. The third way to protect the
transistor is to use the transistor to amplify the
zener output. The zener is a 0.5-W unit placed
across the transistor’s collector and base, as
shown in Fig. 363(b). The transistor must
dissipate high peak powers (900 W) in short
pulses. The fourth way is to use a 300-V
transistor that can absorb the energy in a
voltage-breakdown mode. This approach
would be the most expensive with the present
state of the art.

An example of the worst-case load lines are
shown in Fig. 363(c). Current limiting requires
high power-dissipation capability, particularly
when the engine stalls. When no capacitor is
used, a severe second-breakdown condition
exists. In saturated transistor-switch systems
with collector-emitter zeners, the transistor
requirements are minimized. Despite the high
pulse-power loads needed for the collector-
base zener approach, this system is the least
expensive.

Each of the methods discussed requires
different output transistor capabilities.

Obtaining base drive—The final difference
among inductive, electronic-ignition systems
is the source of base drive for the power
transistor. Cost-effective, high-voltage power
transistors require more than one ampere of
base drive for the starting condition (a battery
voltage of 6 V and a collector current of 3to 5
A); two methods exist for obtaining this
current. In the first, a Darlington transistor is
used, as shown in Fig. 364(a), which means
that the base drive of the output transistor
passes through the coil. This arrangement
minimizes the current requirement but in-

creases Vce(sat), and a lower resistance, more
expensive coil is needed. In the second
approach, as shown in Fig. 364(b), the base
drive comes from the battery through a
separate power resistor. This yields a better
Vce(sat), but requires up to 3 A more battery
current, a 50-W resistor, and extra wiring.
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BALLAST
RESISTOR

T
!

DRIVER
TRANSISTOR

OUTPUT
TRANSISTOR

(a)

TO BATTERY
O

BALLAST
RESISTOR

IGNITION
coIL

OUTPUT
TRANSISTOR
(o)

Fig. 364 - Methods of obtaining base-drive.

A typical circuit for the power stage of an
automotive ignition system is shown in Fig.
365. The saturation voltage Vce(sat) of the
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Fig. 365 - Typical automotive ignition cir-

cuit.

output device Qo is governed by the relation-
ship: Vce(sat) < Vs low — Ic(RL + R2) at
specified Ic and Tambient. (This relation assumes
Ir has negligible effect on the voltage drop
across Rz) where

Vs = supply voltage

Vs low = lowest value of system voltage at
which performance is expected
(starting or cranking mode)

Ic = minimum allowable coil current
which provides adequate energy for
the ignition spark

Rz = low-value sensing resistor often used
to monitor and control coil current

Ry = internal resistance of the primary
winding of the ignition coil. The
value of R. depends on the ambient
temperature because most coil
windings are of copper. Therefore,
the appropriate value of R should
be used corresponding to the speci-
fied ambient temperature.

Ta = Typically -30° C for the low-tempera-
ture extreme, +100°C to 125°C for
the high-temperature extreme

Io = base current to Qo

It is usually necessary to specify the Vce(sat)
requirements at the two temperature extremes.

The relationship for the base driving current
(Iv) required, and the related components and
device parameters are derived from the
following expression:

Vs = Vce(sat)(Q1)+Vee(Qo)*Ra2 (Ie+1o)+

R, Qb+ Vee(Qo)+Ra(lct1b) )
Ra

This expression assumes that the contribution
of the driving current to Q through R4 can be
neglected for purposes of determining the
voltage distribution in the main Qo drive
circuit. The expression can be solved to
determine a value for Ry based on the other
parameters under worst-case, low-system
voltage and worst-case low ambient tempera-
ture conditions as follows:

: Vs low-Vce(sat)(Q1)-Vee(Qo)-Ra(Ic+1b)
Vee(Qo)
3

1 R2
Ib + E—a (Ic+lb) +

or it may be solved to determine the Iy drive to
Qo available or supplied under similar worst-

case conditions, as follows:
Ri Rz
Rs

Vs low-Vce(sat)(Q1)-Ic Q{zﬂ“

Ib = —
R1 R2
Ri+Ra+
Rs
Vee(@o) 1+ 2
8e(Qo R
R R.
Ry + Rz + _1__x_2
Rs
Where,
Vce(sat)(Qq1)=maximum voltage drop
across the driver transistor at low ambient
temperature extremes
and,

Vee(Qo)=base-to-emitter voltage drop
across Qo with Qo current equal to Ic
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Fig. 366 - Alternate ignition circuit.
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Fig. 367 - Ignition circuit with collector-
coupled drive transistor.

with,
Vce=Vce(sat)(Qo) and Ta=low ambient-
temperature extreme.

The equation for Ip shows the tradeoff
between Ip and Vge such that any combination
of values of Vge and I which result in a value
of device base current equal to or less than
that given by the equation for I, will provide
acceptable performance.

The maximum power dissipation in Ry will
be approximately: .

_[Vs high-Vge(Qo)-Vce(sat)(Q1)]

Max. Pm = gmax
R,

when,
Vs high is the worst-case high system
voltage

and,
Dmax is maximum duty factor-typically
.80 to .90 which occurs at high engine
speed.

Inanalternate circuit configuration, shown
in Fig. 366, the n-p-n drive transistor Qi is
replaced by a p-n-p device. This circuit offers
the possibility of providing acceptable perform-
ance at lower system voltages than can be
provided by the circuit of Fig. 365 because the
stacking of Vgg voltage drops in the drive
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chain has been reduced. (Note the logic level,
output vs. input, has been inverted in this
circuit.)

Another popular drive circuit, shown in
Fig. 367, employs a collector-coupled drive
transistor as opposed to the emitter-follower
drive shown in Fig. 365. The basic drive circuit
relationship in this configuration is:

Vs = Ih(R1+R4+R2)+IcR2+Vee(Qo)
and,

R, - Vs low-Vg;E(Qo)—Ich “Re—Re
b

and Ip (available or supplied with given circuit
values) is:

Vs low-IcR2 1
= ———— - Vee(Qo) ————
Ri+R2+R4 Ri+R2+Rg4

R4 must be large enough to allow the zener
clamp circuit to turn Qo on in the high-voltage
clamp condition without exceeding the current
capability of the zener circuit.

Vee(Qo) - Vce(sat)(Q1)

Izz

b

then R Min =

where Izz is the maximum permissible zener
current which may be diverted through R4. (A
portion of the total zener current must be used
to supply drive to turn Qo on during clamp
conditions.) A value of 5 ohms for Rz is
usually suitable.

The maximum current which Q; must handle
is:
Vs high

R4

Where Vs is the highest voltage which will
provide acceptable system performance.
The maximum power dissipation in Ry is:

(Vs high)®
R

Ig1(max) =

Pri(max) =

Suitable component parameters for a tran-
sistor ignition system are given below:

R1=34 Q (Fig. 365); 60 Q (Fig. 366)

R3=75Q

R2=0.05 Q

RL=0.5Q at 25°C (0.411 Q at -30°C)

R4=5 Q (Fig. 366)

=5 A
Vs low=5.5V
Vs high=18 V

Vce(sat)(Q1) = 0.5V
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Vee(sat) < 3 V at Ta=-30°C
I.=5 A
[,b=0.05 A
Vee < 2 Vat Ta=-30°C
=S A
Vee=3 V
and Ip < 0.136-Vgex0.043 (Fig. 365)
Ip = 0.08-Vgex0.015 (Fig. 366)

An Automotive Breakerless Ignition System
Using a Power Darlington and
an Integrated Circuit Control

A breakerless system consists of a distributor
with a contactless pick-up, an electronic control
unit, and an ignition coil. Operation of the
circuit shown in Fig. 368 is based on the
accurate amplitude-modulation of a resonant-
circuit oscillator in which the inductor acts as
the sensor. When the conductive material of a
toothed, metallic trigger wheel in the distri-
butor enters the field of the sensor (L), eddy
current losses in the non-magnetic wheel-
tooth reduce the Q of the resonant circuit and
decrease the amplitude of oscillations to a .
specific level at which discrete transistor Qa
interrupts the coil current. When the oscillator
amplitude has decreased below the switching
level, a variable-feedback system in the
integrated circuit maintains a minimum ampli-
tude of oscillation. This lower amplitude level
eliminates timing variations which would occur
if the oscillator had to be restarted by random
noise. Therefore, either transition may be
used to control event timing. The system
performance is comparatively independent of
dQ/dt; i.e., pulse amplitude and noise im-
munity are maintained over a wide range of
rotor (engine) speeds. In a typical automotive
application, capacitor C2 parallel-resonates
the circuit at a frequency between 200 and 400
kHz.

An output circuit produces a switching
signal ¢ at terminal 4 and its complement ¢ at
terminals 6 and 7; signal ¢ is high in response
to a high oscillator state. When ¢ is high, the
Darlington transistoris driven by base current
supplied via resistors Ry and Rg, so that
current flows through the primary winding of
the ignition coil. The peak coil current is
limited by a “current-setting” transistor Qa, in
response to the voltage-drop developed across
current-sampling resistor, Rn. _

A spark is generated when ¢ goes low and ¢
high. Switching is initiated by a low signal at
terminal 4; the signal turns transistors Qp and
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Fig. 368 - Blockdiagram ofthe breakerless
ignition system.
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Qc off. When the current flowing through the
coil primary is interrupted, its stored energy is
transferred to the secondary circuit where it
produces a high voltage that fires a spark plug.
Diode D1 protects Qp and Q¢ against excessive
negative voltages and the application of reverse
battery voltage. Although noise produced by
the spark is suppressed to meet the applicable
standards, an additional circuit consisting of
C1, Re, D3, Cs, R1, and the output amplifierin
the integrated circuit assures that noise will
not affect the switching.

Description of the Integrated Circuit

The block diagram of the integrated circuit
is shown in Fig. 368. Fig. 369 shows the
schematic diagram. The 0.063 x 0.075-inch
chip, is contained in a l4-lead dual-in-line
plastic package.

The basic oscillator is of the tuned collector
type, with emitter feedback. It comprises
transistors Q6, Q7, Q11, associated current-
sources, and external integrated circuit. Tran-
sistors QI3 and QI4 constitute an active
envelope detector. The auxiliary feedback
circuitry mentioned above consists of diode-
connected Q8, R9, and R8: itis actuated when

Power Transistor Applications Manual

the output of the detector goes high as the
oscillator amplitude decreases. In the low-
amplitude state when diode-connected Q8 is
turned on, additional feedback is provided to
the oscillator through resistor RS.

The Schmitt trigger circuit utilizes transistors
Q1l16, QI7, QI8 and resistors R19, R20, and
R21. Itis isolated from the envelope detector
by transistor Q16 and current-limiting resistor
R18. The two threshold voltages are developed
across resistor R21; the high threshold voltage
is developed when Q18 is driven to saturation.

Transistors Q19 and Q20 develop signals
with 180° phase difference; transistor Q20
controls the ¢-signal at terminal 4, and Q19
controls the ‘@-signal at terminals 6 and 7.
Transistors Q29, Q30, and Q32, the active
transistors in the output amplifier, provide the
noise immunity feature described above.

Sinceterminal 2 leads into the distributor, it
itis imperative that protection against spurious
transients which might otherwise damage the
integrated circuit be provided. A degree of
transient attenuation is supplied by resistor
Ry, Fig. 368. Additional protection is provided
on-chip by transistors Q35, Q36, and Q37.
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High-Reliability Power Transistors

Power transistors classified as high-reliabi-
lity types have come to be primarily associated
with military and aerospace applications. In
many ways, this association is misleading
because the commercial equipment market is
probably the largest user of high-reliability
products, but not necessarily by that label.
Military and aerospace agencies, however,
have been largely responsible for establishment
of comprehensive published reliability specifi-
cations and standards which have been
accepted by the solid-state industry. MIL
standards dominate the procedures used to
specifiy high-reliability solid-state devices and
represent a common reference point frequently
used by commercial users to define their
requirements.

Military and aerospace requirements for
high-reliability solid-state devices are ex-
tremely large and diverse, not only in terms of
performance, operating conditions, and reli-
ability, but also in terms of logistics and
procurement. As a result of these requirements,
the military services have jointly developed
specifications and standards under which most
military end-use solid-state devices are pro-
cured. To simplify procurement, logistics, and
the development of reliability data, MIL specs
are not issued for the full spectrum of devices
manufactured; rather, they are restricted to
those devices for which significant need is
demonstrated and are specified so that the
device can have as wide applicability as
possible. Although the limits for operating
conditions may exceed those required for
some applications, they simplify procurement
and assure a supply of devices for the majority
of military equipment.

SPECIFICATIONS AND STANDARDS

There are two major military specifications
used for the procurement of standard solid-
state devices by the military. These speci-
fications are MIL-S-19500, which covers

devices such as discrete transistors, thyristors,
and diodes, and MIL-M-38510, which covers
microcircuits, both hybrid and monolithic.

MIL-S-19500 is the specification for the
familiar “JAN” devices. Detailed electrical
specifications are prepared as needed by the
three military services and coordinated by the
Defense Electronic Supply Center. At present,
approximately six hundred detailed electrical
specifications are included in the MIL-S-
19500 system.

JAN AND JANTX
POWER TRANSISTORS

Table XXX shows the wide product line of
JAN and JANTX military-specification solid-
state power transistors available from RCA
for high-reliability applications in military,
aerospace, and critical industrial usage. These
power transistors are processed inaccordance
with the MIL-S-19500 general specifications.
MIL-STD-750 test methods are used as
required by the individual military detail
specification. This table lists the individual
MIL-S-19500 specification number for each
family of devices.

Four levels of product assurance require-
ments, JAN, JANTX, JANTXV, and JANS
are defined in Military Specification MIL-S-
19500. Devices designated as JAN types receive
electrical testing only. JANTX devices receive
100 percent screening such as bake, tempera-
ture cycling, acceleration, hermetic seal, high-
temperature reverse bias, and power burn-in.
JANTXV types receive JANTX testing but
with criterial visual inspection prior to sealing
the' package. JANS level types receive
JANTXV testing plus manufacturing certifi-
cation, process controls and wafer lot accept-
ance with electrical testing using larger sample
sizes with tighter acceptance criteria.

The Defense Electronics Supply Center
(DESC) maintains a Qualified Products List
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(QPL-19500) of all device types and the
manufacturers qualified to supply these devices
in accu.dance with MIL-S-19500. This list is
updated periodically and is available to
designers and manufacturers of military
equipment.

DESC military standard MIL-STD-701 of
standard semiconductor devices lists the
preferred JANTXV, JANTX, and JAN types
for military equipment designers and manufac-
turers.

NASA military standard MIL-STD-975 of
standard semiconductor devices lists the
preferred JANS and JANTXYV types for flight
and mission-essential ground-support equip-
ment.

MIL-STD-750 is the military standard
specification of test methods for discrete solid
state devices.

Power Transistor Applications Manual

RCA NON-JAN TYPE
POWER TRANSISTORS

Many power transistors are not covered by
military specifications, either because they are
too new or are not used in sufficient quantities.
Many of these devices offer the most recent
technological advances or have special perform-
ance characteristics which offer advantages to
the designer of high-reliability equipment.
RCA cooperates with the users of such devices
in establishment of high-reliability specifi-
cations patterned after MIL standards, which
allow these designs to be approved for use in
military and aerospace systems, as well as
commercial equipment. If the use warrants,
these specifications may be submitted by
RCA, or the user, to the cognizant military
specification agency as candidates for MIL
approval as a standard type.

Table XXX - RCA JAN and JANTX Solid-State Power Devices

Parent Military Specification MIL-S-19500/*
Type Specification
POWER TRANSISTORS
Hometaxial-Base Types
2N1479 JAN2N1479 207
2N1480 JAN2N1480 207
2N1481 JAN2N1481 207
2N1482 JAN2N1482 207
2N1487 JAN2N1487 208
2N1488 JAN2N1488 208
2N1489 JAN2N1489 208
2N1490 JAN2N1490 208
2N3055 JAN2N3055, JANTX2N3055 407
2N3441 JAN2N3441, JANTX2N3441 ‘ 369
2N3442 JAN2N3442, JANTX2N3442 370
2N3771 JANZN3771, JANTX2N3771 413
2N3772 JAN2N3772, JANTX2N3772 413
Epitaxial-Base Types
2N5302 JAN2N5302, JANTX2N5302 456
2N5303 JAN2N5303, JANTX2N5303 456
- High-Current Darlington Types
2N6283 JAN2N6283, JANTX2N2683 504
2N6284 JAN2N6284, JANTX2N6284 504
2N6383 JAN2N6383, JANTX2N6383 523
2N6384 JAN2N6384, JANTX2N6384 523
2N6385 JAN2N6385, JANTX2N6385 523
2N6648 JAN2N6648, JANTX2N6648 527
2N6649 JAN2N6649, JANTX2N6649 527
2N6650 JAN2N6650, JANTX2N6650 527
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Table XXX (Cont'd)
Parent Military Specification MIL-S-19500/*
Type Type Specification
POWER TRANSISTORS
High-Voitage Types
2N3439 JAN2N3439, JANTX2N3439 368
2N3440 JAN2N3440, JANTX2N3440 368
2N3584 JAN2N3584, JANTX2N3584 y 384
2N3585 JAN2N3585, JANTX2N3585 384
2N5415S JAN2N5415S, JANTX2N5415S 485
2N5416S JAN2N5416S, JANTX2N5416S 485
2N6211 JAN2N6211, JANTX2N6211 461
2N6212 JAN2N6212, JANTX2N6212 461
2N6213 JAN2N6213, JANTX2N6213 461
2N6306 JAN2N6306, JANTX2N6306 498
2N6308 JAN2N6308, JANTX2N6308 498
2N6546 JAN2N6546, JANTX2N6546 525
2N6671 JAN2N6671, JANTX2N6671 536
2N6673 JAN2N6673, JANTX2N6673 536
2N6674 JAN2N6674, JANTX2N6674 537
2N6675 JAN2N6675, JANTX2N6675 537
2N6676 JAN2N6676, JANTX2N6676 538
2N6678 JAN2N6678, JANTX2N6678 538
High-Speed Types
2N3879 JAN2N3879, JANTX2N3879 526
2N5038 JAN2N5038, JANTX2N5038 439
2N5039 JAN2N5039, JANTX2N5039 439
2N5671 JAN2N5671, JANTX2N5671 488
2N5672 JAN2N5672, JANTX2N5672 488
2N6032 JAN2N6032, JANTX2N6032 528
2N6033 JAN2N6033, JANTX2N6033 528

*MIL-S-19500 specifications can be obtained from the Naval Publications and Forms Center, 5801 Tabor Avenue,
Philadelphia, Pa. 19120.

Most procurements of solid-state devices economic needs of the program. RCA Solid

for military systems are made by the equipment
contractor from the MIL-STD parts list as
awards are received for electronic equipment.
Some military and aerospace programs,
because of their size, duration, or special
requirements (Minuteman and Apollo are
two examples), require that special specifi-
cations and process methods, or even special
production lines, be established and tailored
to the particular functional, reliability, and

State Division has frequently used the re-
sources of its laboratories, production facilities,
and expert technical staff to contribute to the
success of such programs.

All RCA high-reliability solid-state power
devices are processed in accordance with the
provisions of MIL-S-19500. These provisions
include the following items:

1. A clearly defined procedure for the
conversion of a customer specification
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into an RCA internal specification with
built-in safeguards to assure the customer
that the delivered parts meet or exceed his
specification requirements.

2. A formalized personnel training and
testing program which assures that each
operation is performed correctly.

3. A complete inspection of incoming mate-
rials, utilities, and work in process using
on-site facilities such as scanning-electron-
microscope and X-ray equipment.

. Maintenance of cleanliness in work areas.

. Rigorous control over changes in design
materials, and processes with documenta-
tion kept in active files for a minimum of
three years.

6. Tool and test equipment maintenance

W S

and calibration in strict accordance with.

MIL-C-45662, “Calibration System Re-
quirements.”

7. A quality-assurance program in accord-
ance with MIL-Q-9858, “Quality Program

Power Transistor Applications Manual

Requirements.”

For detailed information on the Lot
Sampling plans used for RCA high-reliability
solid-state power devices, as defined by MIL-
S-19500 and MIL-STD-105D, refer to RCA
Power Devices DATABOOK, SSD-220 Series.

In addition to JAN and JANTX types,
high-reliability selections of all RCA power
transistors can be obtained on a custom basis.
Such power transistors are subjected to high-
reliability preconditioning and screening in
accordance with the Group A, B, and C
Sampling Tests as specified in MIL-STD-750
or special customer requirements. These power
transistors can be supplied to four basic
reliability levels shown in Fig. 370. Level 3
devices are equivalent to JANTX devices. For
RCA Level 4 devices, the preconditioning
consists of burn-in only. Fig. 371 shows the
processing requirements specified by MIL-S-
19500 for JAN and JANTX solid-state power
devices.

PRECAP SEAL + LOT CONDITIONING | | I -l RADIOGRAPHIC
VisuAL IDENTIFICATION SCREENS SERIALIZE BURN -IN ] INSPECTION !
SEAL + LOT

IDENTIFICATION

CONDITIONING i
SCREENS —[ SERIALIZEH BURN -=IN | 3

IBl.IRN-~INl 4

| B

92CM-22891

Fig. 370 - Process-flow chart for four reli-
ability levels of RCA high-reliability
power transistors.
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Precap
Production Process
1 Raw Material For ey
2 Factory Processing Types

]

inspection Lots o o | tion Test: Review of
Formed at Final Lots P P ! ity LTPD. to Group A, B,
Assembl for JAN g A And C Data
Y Types Group A
Operation Nom-TX Group B? For Accept or
(Sealing) (Non-TX) Group C° Reject
Lots Proposed Preparation
For JANTX For Dellvery
And JANTXV JAN
Types
100 Percent Power
Conditioning*
Measurement of
100 Percent Process Specified P:
Conditioning* 2 Bum-in Inspection Tests
1 High Temp Storage 3 Measurement of To Verity LTPD
2 Thermal Shock Specified P: ] Group A!
3 Acceleration To Determine Delta Group B?
4 Hermetic Seal Tests And Other Rejects Group C°
5 Reverse Bias 4 Lot Rejection
Criterla Based on
Rejects From Burn-In
Test
Review of Group A,
B lg (i Datn'
For Lot Accep!
1 Group A Electrical Performance Tests Performed
On a Lot Sample Basis Or Reject
2 Group B Envi tal, Mech | and Lift Tests
(Storage and Operating) Performed on a Lot Sample Basis
3 Group C Environmental and Life Tests Performed on a
Time Period Basis
4 Tests shall be Performed in the Order as Shown
Preparation for
Delivery JANTX
And JANTXV
92CM-25057

Fig. 371 - Order of procedure diagram for

JAN and JANTX solid-state power

devices.
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Radiation-Hardened
Power Transistors

Solid-state devices intended for use in
applications such as space satellites or
military-weapons systems must be able to
survive various types of radiation without
significant changes in performance charac-
teristics. The damaging types of radiation
most likely to be encountered include-neutron
bombardment, gamma rays, flash x-rays, and
electromagnetic pulses (EMP).

TYPES OF RADIATION

Neutron radiation can be particularly
harmful to discrete or monolithic bipolar
transistors. Fast-neutron bombardment can
cause displacement of atoms from the silicon
crystal lattice of a transistor; these atoms trap
out charge carriers and increase the recom-
bination rate of charge-carrier pairs. As a
result, the lifetime of minority carriers in the
transistor base region is shortened (causing a
decrease in current gain), the collector series
resistance rises (causing higher collector
saturation voltage), and transistor leakage
currents increase. Current gain is affected
most rapidly and most critically, and is the
chief cause of failure in devices exposed to
neutron radiation.

Because neutron displacement damage
results primarily in a shortening of minority-
carrier life-time, its effect is minimal on MOS
transistors (both discrete and monolithic)
because they are majority-carrier types.

Gamma rays produce large numbers of
hole-electron pairs in solid-state devices. When
these charge-carrier pairs recombine, they
generate a current (called a “photocurrent”)
which may be large enough at high gamma
dose rates to turn on a transistor. The
photocurrent then experiences a step-function
increase as a result of the transistor gain. The
increased current (or secondary photocurrent),
which may exceed device ratings, lasts for a
period equal to the gamma-ray exposure time
plus the turn-off time of the transistor.

Photocurrents produced by gamma-ray
ionization can cause latch-up, circuit ringing,
or junction breakdown in all types of tran-
sistors.

Flash x-rays and electromagnetic pulses
produced by a nuclear explosion can cause
permanent physical damage to any type of
solid-state device. Flash x-rays generate a
thermomechanical shock that propagates
through the dense material (molybdenum,
gold, or copper) used for lead connections and
for bonding the pellet to the header. At high
energy levels (above 10 kev), the shock wave
can be strong enough to fracture the pellet.

Electromagnetic-pulse (EMP)radiation can
induce extremely high voltage pulses in the
cables used to interconnect electrical equip-
ment. If these voltage pulses exceed the
junction-breakdown capability of a solid-
state device, they can cause junction ava-
lanching and result in device destruction.

The effects of flash x-rays and EMP
radiation cannot be overcome by any changes
in device design and processing, but must be
treated as system-design problems. The chief
weapons used to prevent x-ray or EMP damage
are the traditional methods used to combat
any RFI: shielding and line-filtering.

RADIATION-HARDENING
TECHNIQUES

RCA offers a variety of bipolar silicon
power transistors in which special design and
processing techniques are used to assure
continued functional performance after ex-
posure to specified dosages of neutron and
gamma radiation.

Neutron-Radiation Compensation—In
RCA radiation-resistant power transistors,
the base width is made as narrow as possible
(consistent with other design objectives) to
achieve a minimum base transit time so that a
maximum number of minority carriers can
complete the journey through the base. The
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narrower base width thus compensates for the
major cause of failure in transistors exposed
to neutron radiation, the reduction in minority-
carrier lifetime and the corresponding decrease
in transistor current gain. The voltage-
supporting region in the collector is also made
as narrow as feasible and is heavily doped. In
this way, the series-resistance path is made as
low as possible to compensate for the rise in
collector series resistance and the resulting
higher saturation voltage caused by exposure
of the transistor to neutron radiation.

The problem of increased leakage currents
is solved by use of epitaxial-planar transistors.
The initial leakage in these transistors is so
small that even the higher levels caused by
neutron bombardment are unlikely to cause
failure.

Because the narrower base width and
reduced collector resistivity used to improve
transistor radiation resistance are contra-
dictory to the design requirement for high-
voltage, high-energy transistors, designers
should adjust circuits to require the minimum
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possible emitter-to-collector voltage-break-
down capability. In addition, ratings for
transistors should be specified in accordance
with the way in which the devices are to be
used (i.e., Vcer or Vcev, and never Vceo). The
circuit design should also provide high-energy
protection for the transistor.

Gamma-Radiation Compensation—The
gamma dose rate at which the onset of
secondary photocurrent occurs depends
strongly on the geometry of the transistor
emitter. The secondary photocurrent is ini-
tiated when a portion of the emitter-base
junction becomes forward-biased because of
the voltage drop across the lateral base
resistance under the emitter. In RCA radiation-
resistant transistors, the distance from the
base contact to the farthest point of the base
under the emitter is reduced to the minimum
possible value to achieve a substantial increase
in the gamma threshold level at which the
secondary photocurrent starts. Table XXXI
shows RCA’s radiation-hardened power tran-
sistors.

Table XXXI - RCA Radiation-Hardened Power Transistors

Parent Military Specification MIL-S-19500/]

Type Type Specification
Epitaxial-Base Types

ON6248 | | —

High-Speed Types

2N3879 JAN2N3879, JANTX2N3879 526

2N5038 JAN2N5038, JANTX2N5038 439

2N5320 —

2N5322 —

2N5672 JAN2N5672, JANTX2N5672 488

2N6480 —
High-Voltage Types

2N6673 536

2N6688 —
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Appendix A

Power Transistor Product Matrix
Hometaxial-Base (Single-Diffused) N-P-N Types

Icmax.=15A |
frtyp. = 1.5 MH2z
TO-205MA/TO-5

Icmax.=3 A
fTtyp. = 0.8 MHz

TO-213MA/TO-66

Icmax.=3A
frtyp. = 0.8 MHz
TO-220

Icmax.=4 A
fTtyp. = 1 MH2
| TO-213MA/TO-66

Icmax.=4 A

fTtyp. = 1 MHz
TO-220

| Icmax.=7A
frtyp. = 1 MHz
TO-220

2N1482 |
Family

2N3441
Family

2N6478
Family

2N3054
Family

2N5298
Family

2N5496
Family

2N1479
VCEO =40V
heg = 20-60

@02A

PT=5W

| VO =120V

2N6263

hgg = 20-100
@O05A
Pr=20W

RCA3441
VCeo =120V
hfg = 20-150
@05A
PT=36W

BDX24
40250
VCceo =40V
hgg = 25-100
@15A
PT=29W

2N5296
VCEO =40V
heg = 30-120
@tA
PT=36W

2N5490
Vceo=40V
hrg = 20-100
@2A
PT=50W

2N1482
VCEO =55V
hfg = 35-100

@02A

PT=5W

; VCeo =140V

2N3441

heg = 25-100
@O05A
Pr=25W

2N6477
Vceo =120V
hgg = 25-150
@1A
PT=50W

| 2N3054
| VCEO =55V
hfg = 25-150
@O05A
Pr=25W

2N5298
Vceo =60V
hfrg = 20-80
@15A
PT=36W

2N5492
VCeEO =55V
hgg = 20-100
@25A
PT=50W

40348
VCEQO =65V
hgg = 30-125

@03A
PT=875W

2N6264
VCeo =150V
hgg = 20-60
@1A
PT=50W

2N6478
VCEOQ = 140V
hfg = 25-150
@1A
PT=50W

2N6261
Vcepo =80V
hgg = 25-100
@15A
PT=50W

2N5294
VCeEo =70V
hgg = 30-120
@05A
PT=36W

2N5496
VCeo =70V
hgg = 20-100
@35A
PT=50W

Iicmax.=10A
frtyp. = 0.4 MHz
TO-204MA/TO-3

Icmax. =15 A

frtyp. = 1.5 MHz
TO-204MA/TO-3

Icmax.=16 A
frtyp. = 0.7 MHz
TO-204MA/TO-3

frtyp. = 1.5 MHz
T0O-220

Icmax. =16 A

Icmax. =30 A
frtyp. = 1.5 MHz
TO-204MA/TO-3|

2N3442
Family

2N3055
Family

2N3773
Family

2N6103
Family

2N3772
Family

2N4347
VCeo =120V
hgg = 15-60
@2A
PT =100 W

2N6371
VCEQ =40V
hgg = 15-60

@8A
PT=117W

2N4348
Vceo =120V
hfg = 15-60
@5A
Pt =120W

2N6103
VCeEo =40V
hfg = 15-60 -
@8A
PT=75W

2N3771
VCep =40V
hgg = 15-60

@15A
PT =150 W

2N3442
VCeo =140V
hfg = 20-70
@3A
PT=117W

BD182
2N3055
VCEO =60V
hgg = 20-70
@4A
PT=115W

BDY37
2N3773
VCcepo =140V
hfg = 15-60
@8A
PT=150 W

2N6099
VCeo =60V
hfg = 20-80
@4A
Pr=75W

2N3772
VCeo =60V
hgg = 15-60

@10A
Pt =150 W

2N6262
VCceo = 150 V
hfg = 20-70
@3A
PT=150 W

2N6254
VCeEo =80V
hfg = 20-70

@5A
PT=150 W

2N6259
VCeo =150V
hfg = 15-60
@8A
Pt =250 W

2N6101
VCeo =70V
hrg = 20-80
@5A
PT=75W

RCS258
Vceo =60V
hgg = 15-60

@10A
PT =250 W
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Appendix A — Power Transistor Product Matrix

Power Transistor Product Matrix (Cont'd)
Epitaxial-Base N-P-N and P-N-P Types

Icmax.=-35A | Icmax.=6A icmax. = -6 A icmax.=7A Icmax.=-7A Icmax.=15A | Icmax.=15A
frtyp. = 20 MHz | fTtyp. = 8 MHz | frtyp. = 10 MHz | frtyp. = 8 MHz | fytyp. = 10 MHz | fytyp. = 6 MHz | fytyp. = 8 MHz
TO-205MA/TO-5/TO-213MA/T0O-66| TO-213MA/TO-66| TO-220 TO-220 TO-204MA/TO-3| TO-204MA/TO-3
2N5783 2N6374 2N5954 2N6292 2N6107 2N3716 2N6472
Family Family Family Family Family Family Family
P-N-P N-P-N P-N-P N-P-N P-N-P N-P-N N-P-N
2N5783 2N6374 2N5956 2N6292 2N6111 2N6569 2N6470
VCEO=-40V Vceo =40V VCep=-40V VCEOQ =70V VCeo =-30V VCEO =40V VCEO =40V
hgg = 20-100 hgg = 20-100 hgg = 20-100 hgg = 30-150 hgg = 30-150 hfg = 15-120 hfE = 20-150
@-16A @3A @-3A @2A @-3A @4A @5A
PT=10W PT=40W Pr=40W PT=40W PT=40W PT =100 W PT=125W
2N5782 2N6372 2N5954 2N6473 2N6107 2N3055 2N6471
Vceo =-50V Vceo =80V VCeo=-80V | Vcep=100V | VCEO=-70V VCEO =60V VCEO =60V
hFg = 20-100 hFg = 20-100 heg = 20-100 hfFg = 15-150 hrg = 30-150 hfFg = 20-70 hFg = 20-150
@-12A @2A @-2A @15A @-2A @4A @5A
PT=10W PT=40W Pr=40W Pr=40W PT=40W Pr=115W Pr=125W
2N5781 2N6465 2N6467 2N6474 2N6475 2N3716 2N6472
VCEO =-65V VCeEQ =80V | VCEQO=-100V | VCgp =120V | VCEQ = -100V VCEO =80V VCEO =80V
hgg = 20-100 hgg = 15-150 hfg = 15-150 hFg = 15-150 hgg = 15-150 hgg = 30 hgg = 20-150
@-1A @15A @-15A @15A @-15A @3A @5A
PT=10W PT=40W Pr=40W Pr=40W PT=40W PT =150 W Pr=125W
2N6466 2N6468 2N6476 2N5878
Vceo =120V | Vcep =-120V Vceo =-120V Vceo =80V
hgg = 15-150 hfg = 15-150 hgg = 15-150 hgg = 20-100
@15A @-15A @-15A @4A
PT=40W Pr=40W Pr=40W PT =150 W
Icmax.=-15A | Icmax.=15A | Icmax.=-15A | Icmax.=20A | icmax.=-20A | Icmax.=30A
frtyp. = 16 MHz | frtyp. = 8 MHz | fytyp. = 8 MHz | frtyp. =4 MHz | frtyp. =4 MHz | ftyp. = 8 MHz
TO-204MA/TO-3 TO-220 TO-220 TO-204MA/TO-3| TO-204MA/TO-3| TO-204MA/TO-3
2N6247 2N6488 2N6491 RCAB8638 RCA9116 2N5303
Family Family Fa nily Family Family Family
P-N-P N-P-N P-N-P N-P-N P-N-P N-P-N
2N6594 2N6486 2N6489 RCAB638E RCA9116E 2N5301
VCEQ =-40V VCeo =40V VCEO=-40V | VCep =100V | VCEp=-100V | VCgp =40V
hgg = 15-200 hgg = 20-150 hgg = 20-150 hgg = 10-100 hfg = 10-100 hfg = 15-60
@-4A @5A @-5A @75A @-75A @15A
PT=100W PT=75W PT=75W PT=200W Pt =200 W Pt =200 W
2N5875 2N6487 2N6490 RCA3773 2N6609 2N5302
VCEQ = -60V VCeo =60V VCEO=-60V | VcEQ =140V | VCeo =-140V Vceo =60V
hFg = 20-100 hgg = 20-150 hfg = 20-150 hgg = 15-60 hfg = 15-60 hgg = 15-60

@-4A @5A @-5A @8A @-8A @15A
Pt=150 W PT=75W PT=75W PT =150 W PT =150 W PT=200W
2N5880 2N6488 2N6491 RCA8638C RCA9116C 2N5303
VCeo =-80V Vcepo =80V VCEO=-80V | VCEQ =140V | VCEQ=-140V | VCgo =80V
hfFg = 20-100 hgg = 20-150 hFg = 20-150 hgg = 25-150 hfg = 25-150 heg = 15-60
@-6A @5A @-5A @5A @-5A @10A
PT =160 W PT=75W PT=75W PT=200W PT=200W Pt =200 W
2N6248 MJ15003 MJ15004
VCeo = -100 V VCeO =140V | VCep =-140V
hgg = 20-100 hfrg = 25-150 heg = 25-150
@-5A @5A @-5A
PT=125W PT =250 W Pt =250 W
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Power Transistor Product Matrix (Cont'd)
High-Voltage, High-Speed-Switching N-P-N Types

SwitchMax Transistor Classification Chart

I(sat) 1A 4A 5A 5A 6A 8A 10A 15A 25A
Veev 260 V — — — — — — — — 2N6686
280 V — — — — — — — — 2N6687
300 V = — — — — — — = 2NG688" |
2N67711 — 2N6671% — — — 2N66741| 2N6676% —
450 V| BUWA4Ot — 2N6738% — — — — 2N6774 —
— — BUW41t, — — _ — — — —
2N67721 = 2N6672 — — = = 2N6677 =
550 V. |BUWA40AT — 2N6739% C— — - - 2N6775 -
— — BUW41A+ — — — — — —
2N67731 — 2N6673% — — — 2N66751 | 2N6678% —
650 V. |BUW40Bt — 2N67401 — — - — 2N6776 —
— - BUW41Bt = — = - - =
800 V — BUX31 — 2N6751 BUX32 BUX33 — — —
850 V — — — 2N6752 — — — — —
900 V — BUX31A — 2N6753 | BUX32A | BUX33A — — —
1000 V — BUX318B — 2N6754 | BUX32B | BUX33B — — —
Characteristics Temp., Tc Limits
Icev (max) 25°C O1mA [OImA] O1mA JOTmA | O1mA | 0.imA | 0.1mA | 0.1 mA |0.05mA
at Vce = Veev 100°C — 1mA — 1 mA 1mA 1mA 2mA 1mA —
125°C 1.mA — 1 mA — — — — — 0.5 mA
Vce(sat) (max) 25°C 1V 1V 1V 1V 1V 1V 1V 1V 15V
at Ic (sat) 100°C - 15V — 15V 1.5V 1.5V 2V 2V -
125°C 2V — 2V — — — — — 1.5V
t: (max) 25°C 0.2 us 0.45 us 0.5 us 0.45 us 0.45 us 0.45 us 0.6 us 0.6 us 0.35 ps
at I (sat) 100°C - 0.6 us — 0.6 us 0.6 us 0.6 us 1us 1us -
125° C 0.5 us — 0.8 us — — — — — 0.6 us
ts (Max) 25°C 25us 3us 2.5 us 3us 3us 3us 2.5 us 25 us 08 us
at I (sat) 100°C — 4 us — 4 us 4 us 4 us *4us 4 us -
125°C 4.5 us - 4us — — — — — 2.5pus
t; (max) 25°C 0.4 us 0.4 us 0.4 us 0.4 us 0.4 us 0.4 us 0.5 us 0.5 us 0.5 us
at I (sat) 100°C — 0.7 us — 0.7 us 0.7 us 0.7 us 1us 1us -
125°C 1.3 us — 0.8 us — — — — —_ 0.8 us
tc (max) 25°C 0.4 us 0.4 us 0.4 us 0.4 us 0.4 us 0.4 us 0.5 us 0.5 us 0.5 us
at |, (sat) 100°C - 0.8 us —_ 0.8 us 0.8 us 0.8 us 0.8 us 0.8 us -
125°C 1.3 us — 0.8 us — — — — — 0.8 us
All SwitchMax transistors are supplied in JEDEC TO-204MA/TO-3 packages, except as noted below: *lc(sat) = 20A
1Supplied in JEDEC TO-220AB plastic package. 1MIL Approved:

MIL-S-19500/536 — 2N6671, 2N6673
MIL-S-19500/637 — 2N6674, 2N6675
MIL-S-19500/538 — 2N6676, 2N6678
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Power Transistor Product Matrix (Contd)
High-Speed-Switching N-P-N and P-N-P Types

Icmax.=1A Icmax. =-1A icmax.=2A Icmax.=-2A Icmax.=7A
trtyp. = 100 MHz|frtyp. = 100 MHz| fytyp. = 75 MHz | fytyp. = 75 MHz | frtyp. = 100 MH.
TO-205MD/TO-39| TO-205MD/TO-38| TO-205MD/T0-39| TO-205MD/TO-39| TO-213MA/TO-86
2N2102 2N4038 2N5320 2N5322 2N3879
Family Family Family Family Family
N-P-N P-N-P N-P-N P-N-P N-P-N
2N3053 2N4037 2N5321 2N5323 2N5202
VCEO=40V | VCEO=-40V | VCEO=50V | VCEQO=-50V | VCEO =50V
hgg = 50-250 hgg = 50-250 hfEg = 40-250 hgg = 40-250 hfg = 10-100
@O0.15A @-0.15A @05A @-05A @4A
Pr=5W PT=7W PT=10W PT=10W PT=35W
2N2270 2N4036 2N5320 2N5322 2N3878
VCeo =45V VCeo=-65V VCEO =75V VCEO =-75V VCEO =50V
hrg = 50-200 heg = 40-140 hgg = 30-130 hgg = 30-130 hgg =20 min.
@0.15 A @-0.15A @05A @-05A @4A
Pr=5W Pr=7W Pr=10W PT=10W Pr=35W
2N2102 2N4314 2N3879
VCEO =65V VCEO=-65V VCEQO =75V
hfg = 40-120 hfg = 50-250 hfg = 20-80
@0.15A @-0.15A @4A
PT=5W PT=7TW PT=35W
2N2405 2N6500
VCEO =90V VCEQO =90V
hfEg = 60-200 hfg = 15-60
@0.15A @3A
PT=5W PT=35W
Icmax.=7A Icmax, =12A | Icmax.=20A | Icmax.=25A | Icmax.=30A | Icmax.=50A
frtyp. = 100 MHz fttyp. = 150 MHz| fytyp. = 90 MHz | fytyp. = 50 MHz |fTtyp. = 100 MHz|fTtyp. = 100 MHz
T0O-220 Radial Pkg. |TO-204MA/TO-3|TO-204MA/TO-3|TO-204MA/TO-3| Modified TO-3
2N6704 2N6480 2N5038 2N6688 2N5671 2N6033
Family Family Family Family Family Family
N-P-N N-P-N N-P-N N-P-N N-P-N N-P-N
BUWG64A ]
2N6702 2N6479 2N5039 2N6686 2N5671 2N6032
VCEO =90V VCep =60V VCEO =75V VCEO =160V | VCEQ=120V | VCeo=90V
heg = 20 min. hfg = 20-300 hfrg = 20-100 hfpe =15 min. | hfpg =20 min. heg = 10-50
@5A @12A @10A @25A @20A @50A
Pr=50W PT=87W Pt =140W PT=200W PT=140W PT=140W
BUWE4B
2N6703 2N6480 2N5038 2N6687 2N5672 2N6033
VCeo=110V | Vcgo=80V VCeo=90V | Vcep=180V | VCEQ=90V | Vcgp=120V
hfFg = 20 min. hfrg = 20-300 hfg = 20-100 hFe = 15 min. | hgg =20 min. heg = 10-50
@5A @12A @12A @25A @20A | @40A
PT=50W PT=87TW PT =140 W PT=200W PT=140W PT=140W
BUWE4C
2N6704 2N6354 2N6688
VCeo =130V Vceo =120V | Vcep =200V
hfg = 20 min. hgg = 10-100 hFE = 15 min.
@5A @10A @25A
PT=50W Pt =140 W PT=200W
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Power Transistor Product Matrix (Contd)
High-Voltage N-P-N and P-N-P Types

Iicmax. = 1A Icmax.=-1A | Icmax.=5A | Iicmax.=-5A icmax. =8 A icmax.=7A
frtyp. = 25 MHz | frtyp. = 35 MHz | fytyp. = 25 MHz | frtyp. =30 MHz | frtyp. =S MHz | frtyp. =7 MHz
TO-205MD/T! O-NJTO-MD/T 0-39| TO-213MA/TO-86| TO-213MA/TO-86] TO-204MA/TO-3| TO-213MA/TO-08

2N3439 2N5415 2N3585 2N6213 2N5240 2N6079
Family Family Family Family Family Family -
N-P-N P-N-P N-P-N P-N-P N-P-N N-P-N
40346 RCA1A16 2N3583 2N6211 2N5239 ' 2N6078
VCeER=175V | VCEQ=-100V | VCEO =175V | VCEO=-225V | VCEO=225V | VCEOD =250V
hFg =25 hgg = 40-250 hgg = 40-200 hfg = 10-100 hgg = 20-80 hgg = 12-70
@ 10 mA @-10mA @075 A @-1A @2A @12A
Pr=10W PT=10W Pr=35W PT=35W PT=100W PT=45W
2N3440 2N5415 2N3584 2N6213 2N5240 2N8077
VCEO =250V | VCEO=-200V | VCEOD =250V | VCEO=-350V | VCEO =300V | VCeo =275V
hgEg = 40-160 hfg = 35-150 hfrg = 25-100 hFg = 10-100 hgg = 20-80 hfg = 12-70
@20 mA @ -50 mA @1A @-1A @2A @2A
PT=10W PT=10W PT=35W PT=35W PT=100W Pr=45W
2N3439 2N5416 2N3585 2N6214 2N5840 2N6079
VCEQ =350V | VCEO=-300V | VCEQO =300V | VCEQO=-400V | VCEO =350V | VCEO =350V
hfEg = 40-160 hrg = 30-120 hFg = 25-100 hrg = 10-100 hgg = 10-50 hrg = 12-50
@20 mA @ -50 mA @1A @-1A @2A @12A
Pr=10W PT=10W PT=35W PT=35W Pt =100W PT=45W
Icmax.=7A Icmax.=8A Icmax. =10 A
frtyp. = 2 MHz | frtyp. = 15 MHz | tytyp. = 20 MHz
TO-204MA/TO-3 | TO-204MA/TO-3/T0-204MA/TO-3|
2N6510 2N6308 RCAB766
Family Family Family
N-P-N N-P-N N-P-N
2N6510 2N6306 RCAB8766
VCEO =200V | VcEO =250V | VCEO =350V
hfg = 10-50 hfg = 15-75 hrg = 100
@3A @3A @6A
PT=120W Pr=125W PT=150W
2N6514 2N6307 | RCA87668
Vceo =300V | Vcep=300V | Vcgo =400V
hgg = 10-50 hfg = 15-75 hrg =100
@5A @3A @6A
Pr=120W PT=125W PT=150W
2N6513 2N6308 RCAB8766D
VCEO =350V | Vcep =350V | VCEQ =450V
hgg = 10-50 hfg = 12-60 hgg = 100
@4A @3A @6A
Pr=120W PT=125W PT=150W
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Power Transistor Product Matrix (Cont'd)
Monolithic Darlington N-P-N and P-N-P Types

Icmax.=2A | Icmax.=-2A | Icmax.=4A | Icmax.=4A Icmax.=5A |icmax.=-10A | Icmax.=10A
frtyp. = 25 MHz | f7typ. = 25 MHz | f7typ. = 10 MHz | fytyp. = 10 MHz| fytyp. = 10 MHz [rtyp. = 40 MHz | fTtyp. = 60 MHz
TO-220 TO-220 TO-220 TO-220 TO-220 TO-220 TO-220
TIP112 TIP117 RCA9202C RCA9203C RCA8201C 2N6688 2N6388
Family Family Family Family Family Family Family .
N-P-N P-N-P N-P-N N-P-N N-P-N P-N-P N-P-N
i)
TIP110 TIP115 - RCA9202A RCA9203A RCA9201A 2N6666 2N6386
VCEO =60V | VCEO=-80V | VCgQ=300V | VCEO =250V | VCEO =150V |vggg=-40V | Vcgo=40V !
hgE = 500 hFE = 500 hEE = 500 hgg = 100 hFE = 500 hfg = 1k-20k | hFg = 1k-20k |
@2A @-2A @4A @4A @5A @-3A @3A
PT=50W PT=50W PT=65W. PT=50W PT=65W PT=65W PT=65W
TIP111 TIP116 RCA9202B RCA9203B RCA9201B 2N6667 2N6387
VCEO =80V VCEO=-80V | VCEO =350V | VCEO=300V | VCEO=200V |VGcgo=-60V VCEO =60V
hgE = 500 hFE = 500 hFE = 500 hgg = 100 hFE = 500 hFE = 1k-20k | hFE = 1k-20k
@2A @-2A @4A @4A @5A @-5A @5A
Pr=50W PT=50W PT=65W PT=50W PT=65W PT=65W PT=65W
TIP112 TIP117 RCA9202C RCA9203C RCA9201C 2N6668 2N6388
VCceo=100V | VCgpo=-100V| VCEO =400V | VCEQ0 =350V | VCEO=250V |VCcgo=-80V VCEO =80V
hgg = 500 hgg = 500 hfg = 250 hpg =100 hfrg = 250 hfg = 1k-20k hfg = 1k-20k
@2A @-2A @4A @4A @5A @-5A @5A
PT=50W PT=50W PT=65W PT=50W PT=65W PT=65W PT=65W
2N6533
Vceo=120V
hEE = 1k-20k
@3A
PT=65W
Icmax.= 10A | Icmax.=-10A | Icmax.=10A | Icmax.=20A | Icmax.=-20A | Icmax.=50A |Icmax.=-50 A
frtyp. = 60 MHz | frtyp. = 40 MHz | trtyp. = 20 MHz| frtyp. = 15 MHz | fytyp. = 50 MHz | f7typ. = 5§ MHz | f1typ. = 5 MHz
TO-204MA/TO-3| TO-204MA/TO-3| TO-204MA/TO-3TO-204MA/TO-3 | TO-204MA/TO-3 | TO-3 (mod) TO-3 (mod)
2N6385 2N6650 RCAB8766 2N6284 2N62687 RCA9228 RCA9229
Family Family Family Family Family Family Family
N-P-N P-N-P N-P-N | N-P-N P-N-P N-P-N P-N-P
2NB055 2N6648 RCA8768 2N6282 2N6285 RCA9228A RCA9229A
VCeo =60V | VCeo=-40V | VG0 =350V | VCE0=60V | Vcgpo=-60V | VCEO=60V | VCEO=-680V
hg = 0.75k-18k |  hgg = 1k-20k hFE =100 |hpe=0.75k-18k | hpg = 0.75k-18k | hFE = 2000 hEE = 2000
@4A @-5A @6A | @10A @-10A @25A @-25A
PT=100W PT=70W PT=150 W “ PT=160 W PT=160W PT=300W PT=300W
2N6383 2N6649 RCA8766B |  2N6283 2N6286 RCA9228B RCA92298
VCEO =40V | VCEO=-60V | VCEO=400V | VCEQ=80V | VCEQ=-80V | VCEO=80V | VCEQ =80V
hEE = 1k-20k | hgg = 1k-20k hre =100 ||hpg = 0.75k-18k | hpg = 0.75k-18k |  hFE = 2000 hEE = 2000
@5A @-5A @6A @10A @-10A @25A @-25A
PT=100W PT=70W PT=150W PT =160 W PT=160W PT =300 W PT =300 W
2N6385 2N6650 RCAS766D |  2Ne6284 2N6287 RCAg9228C RCA9229C
VCEO=80V | VCEQ=-80V | VCEO =450V | VGgo =100V | Vogo=-100V | VCEO =100V |VCEOQ =-100V
hfg = 1k-20k | hEg = 1k-20k hFE =100 ||hFg = 0.75k-18k | hpg = 0.75k-18k | hFE = 2000 hFE = 2000
@5A @-5A @6A @10A @-10A" @25A @-25A
PT=100W PT=70W PT=150W PT =160 W PT=160W PT=300 W PT=300W
2N6578
Vceo =120V
hfFEg = 2k-20k
@4A
PT=120W
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Appendix B

Terms and Symbols

General

AQL acceptance quality level

CM cross modulation

IMD intermodulation distortion

K post-radiation neutron-damage
constant

LTPD lot tolerance per cent defective

MTBF mean time between failures

MTTF mean time to failure

NF noise factor (or noise figure)

Po device dissipation

pps pulses per second

Pr pulse repetition rate

prt pulse recurrence time

PW pulse width

RMS root mean square

Rgia thermal resistance, junction-to-
ambient

Raic thermal resistance, junction-to-
case

Rar thermal resistance,junction-to-
flange

Raura thermal resistance, junction-to-
free air

Rauns thermal resistance, junction-to-
heat sink

Ta ambient temperature

Te case temperature

THD total harmonic distortion

T, operating (junction) temperature

To lead temperature during soldering

to pulse duration

Taig storage temperature

n efficiency

/] conduction angle

[/ phase angle

oL lead radius (for bending)

T torque

Ts device stud torque

Power Transistors

(C) collector-to-base
charge-generation constant
(during gamma exposure)

Co'c feedback capacitance

Ce collector-to-case capacitance

Ceb collector-to-base feedback
capacitance

Ci common-base input capacitance

Cob common-base output capacitance

Cobo open-circuit common-base output

capacitance

[yl
fhte

fr

Gpb
Ges
Gpe
Gre

Gve
hi

hie
hob

hr

leev

lem
Iceo
lceo

lcen

lces

reverse-bias second-breakdown
energy

base (alpha) cutoff frequency
emitter (beta) cutoff frequency

dc forward-current transfer ratio
common-emitter, small-signal,
short-circuit, forward-current
transfer ratio

magnitude of common-emitter,
small-signal, short-circuit,
forward-current transfer ratio
common-emitter, small-signal,
short-circuit forward-current
transfer ratio cutoff frequency
gain-bandwidth product
(unity-gain frequency for devices
in which gain roll off has a -1
slope)

conversion gain

small-signal, common-base power
gain

large-signal, common-base power
gain

small-signal, common-emitter
power gain

large-signal, common-emitter
power gain

wide-band voltage gain
common-base, small-signal, short-
circuit input impedance
common-emitter, small-signal,
short-circuit input impedance
common-base, small-signal, open
circuit output admittance
common-base, small-signal, open-
circuit reverse-voltage transfer
ratio

continuous base current
base-cutoff current with specified
voltage between collector and
emitter

peak base current

continuous collector current
collector-cutoff current, emitter
open

collector-cutoff current, base open
collector-cutoff current with
specified resistance between base
and emitter

collector-cutoff current with base-
emitter junction short-circuited
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Terms and Symbols (Cont’d)

Power Transistors (Cont’d)

lcev

leex

lem
Ic(sat)

le
leso

IEM
|S/b

Pa
PRT
Pr

oo’

Res
ro'Ce
Rse

Rc
rce(sat)

Re (hie)

Rs
te

tq
t
tore

ton

te

ts

Twi

Vse

Vee
Vee(sat)
Visricso

Visriceo

Viericev

collector-cutoff current with
specified voltage between base
and emitter

collector-cutoff current with
specified circuit between base and
emitter

peak collector current

collector current at which hgg,
Vee(sat), Vce(sat), and switching
speeds are measured
continuous emitter current
emitter-cutoff current, collector
open

peak emitter current
forward-bias, second-breakdown
collector current

power gain

power rating test

transistor dissipation at specified
temperature

base spreading resistance

base bias resistor
collector-to-base time constant
external base-to-emitter resistance
collector resistor

dc collector-to-emitter saturation
resistance

real part of common-emitter,
small-signal, short-circuit input
impedance

collector-to-emitter saturation
resistance

clamped turn-off switching time of
an inductive load

delay time

fall time

turn-off time (storage time + fall
time)

turn-on time (delay time + rise
time)

rise time

storage time

clamped inductive turn-off time
base supply voltage
base-to-emitter voltage
base-to-emitter saturation voltage
collector-to-base breakdown
voltage, emitter open
collector-to-emitter breakdown
voltage, base open
collector-to-emitter breakdown
voltage with specified voltage
between base and emitter

VisricEX

V(BR)EBO

Ves
Vceo

Vee
Vce
Vceo

Vce(sat)
Vceo(sus)

Vcer

Vcer(sus)

Vces

Veev

Vcev(sus)

Veex

Vcex(sus)

Ves

Veso

Ve
Var

collector-to-emitter breakdown
voltage with specified circuit
between base and emitter
emitter-to-base breakdown
voltage, collector open
collector-to-base voltage
collector-to-base voltage, emitter
open

collector supply voltage
collector-to-emitter voltage
collector-to-emitter voltage, base
open

collector-to-emitter saturation
voltage

collector-to-emitter sustaining
voltage, base open
collector-to-emitter voitage with
specified resistance between
base and emitter
collector-to-emitter sustaining
voltage with specified resistance
between base and emitter
collector-to-emitter voltage with
base-emitter junction short-
circuited

collector-to-emitter voltage with
specified voltage between base
and emitter

collector-to-emitter sustaining
voltage with specified voltage
between base and emitter
collector-to-emitter voltage with
specified circuit between base
and emitter

collector-to-emitter sustaining
voltage with specified circuit
between base and emitter
emitter-to-base voltage
emitter-to-base voltage, collector
open

diode forward-voltage drop
collector-to-emitter reach
through (or punch through)
voltage

common-base current gain
(alpha)

collector-emitter current gain
(beta)

collector efficiency

thermal time constant
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Tel: (317) 267-6375 6303 30th Street, SE, Sol!d State Division, 24-15 Inter-

Calgary, Alberta T2C 1R4 national Plaza, 10 Anson Road,

Kansas Singapore 0207

RCA Tel: (403)279-3384 Tel: 2224156/2224157

8900 Indian Creck Parkway, Quebec e /

Suite 410, RCA Inc. Taiwan RCA Corporation

Overland Park, KS 66210
Tel: (913) 642-7656

21001 Trans-Canada Highway,
St. Anne-de-Bellevue,
Quebec H9X 3L3

Solid State Division,
7th Floor, 97
Nanking East Road, Section 2

Massachusetts Taipei
RCA Tel: (514) 457-2185 Tel: (02) 521-8537
20 William Street, Wellesley, Ontario
MA 02181 RCA Inc. Latin America
Tel: (617) 237-7970 | Vulcan Street, Rexdale, Argentina Ramiro E. Podetti Reps.
Michigan Ontario MOW IL3 Lavalle 357
RCA Tel: (416) 247-5491 3rd Floor, Office No. 24
30400 Telegraph Road, Suite 1047 Buenos Aires
440, Birmingham, M1 48010 Tel: 393-3919
Tel: (313) 644-1151 Brazil RCA Solid State Limitada
Av. Brig Faria Lima 1476
7th Floor, Sao Paulo 01452
Tel: 2104033
Mexico RCAS.A.deC.V./

Solid State Div., Avenida
Cuitlahuac 2519, Apartado
Postal 17-570, Mexico 16, D.F.

Tel: (905) 399-7228




RCA Manufacturers’ Representatives - U.S.

Alabama
CSR Electronics
7272-E2 Arcadia Ci. N.W.
Huntsville, AL 35801
Tel: (205) 533-2444

Arizona
Thom Luke Sales, Inc.
2940 North 67th Place
Suite H
Scottsdale, AZ 85251
Tel: (602) 941-1901

California
CK Associates
8333 Clairemont Mesa Blvd.
Suite 105
San Diego, CA 92111
Tel: (714) 279-0420

Connecticut
New England Technical Sales
(NETS)
240 Pomeroy Avenue
Meriden, CT 06450
Tel: (203) 237-8827

Florida
G.F. Bohman Assoc., Inc.
130 N. Park Avenue
Apopka, FL 32703
Tel: (305) 886-1882
G.F. Bohman Assoc., Inc.
2020 W. McNab Road
Ft. Lauderdale, FL 33309
Tel: (305) 979-0008

Georgia
CSR Electronics
1530 Dunwoody Village Pkwy.
Suite 110
Atlanta, GA 30338
Tel: (404) 396-3720

Kansas
Electri-Rep
7070 W. 107th Street
Suite 160
Overland Park, KS 66212
Tel: (913) 649-2168

Massachusetts
New England Technical Sales
(NETS)
135 Cambridge Street
Burlington, MA 01803
Tel: (617) 272-0434

Minnesota
Comprehensive Technical Sales
8053 Bloomington Freeway
Minneapolis, MN 55420
Tel: (612) 888-7011

New Jersey
Astrorep, Inc.
717 Convery Blvd.
Perth Amboy, NJ 08861
Tel: (201) 826-8050

New York
Astrorep, Inc.
103 Cooper Street
Babylon, L.I., NY 11702
Tel: (516) 422-2500

North Carolina
CSR Electronics
4208 Six Forks Road
Suite 305
Raleigh, NC 27609
Tel: (919) 787-2137

Ohio
Lyons Corporation
4812 Frederick Road
Suite 101
Dayton, OH 45414
Tel: (513)278-0714
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Lyons Corporation

4615 W. Streetsboro Road
Richficld, OH 44286

Tel: (216) 659-9224

South Carolina
CSR Electronics
1506 Winding Way
So. Carolina
Taylors, SC 29687
Tel: (803) 292-2388

Texas
South States Marketing
400 E. Anderson Lane
Suite 218-6
Austin, TX 78752
Tel: (512) 452-9459
Southern States Marketing
9730 Townpark Drive #105
Houston, TX 77036
Tel: (713) 988-0991
Southern States Marketing
1142 Rockingham
Suite 106
Richardson, TX 75080
Tel: (214) 238-7500

Utah
Simpson Assocs.
7324 So. 1300 E.
Suite 350
Midvale, UT 84047
Tel: (801) 566-3691

Washington
Vantage Corp.
300 120th Avenue N.E.
Bldg. 7, Suite 207
Bellevue, WA 98005
Tel: (206) 455-3460
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RCA Authorized Distributors

U.S. and Canada
U.s. ALABAMA Kierulff Electronics, Inc. KGi;rulﬂ' Electrpnics, lnc.~ R
Hamilton Avnet Electroni 2585 Commerce Way 169 North Plains Industrial Road
4692 Commercial Deive, NW Los Angeles, CA 90040 Wallingford, CT 06492
Huntsville, AL 35805 Tel: (213) 725-0325 Tel: (203) 265-1115
Tel: (205) 837-7210 Kierulff Electronics, Inc. Schweber Electronics Corp.
3969 E. Bayshore Road Finance Drive,
Palo Alto, CA 94303 Commerce Industrial Park,
ARIZONA Tel: (415) 968-6292 Danbury, CT 06810
Hamilton Avnet Electronics Kierulff Electronics, Inc. Tel: (203) 792-3500

505 South Madison Drive
Tempe, AZ 85281

Tel: (602) 231-5100
Kierulff Electronics, Inc.
4134 East Wood Street
Phoenix, AZ 85040

Tel: (602) 243-4101

Kierulff Electronics, Inc.

1806 West Grant Road, Suite 102,

Tucson, AZ 85705

Tel: (602) 624-9986
Sterling Electronics, Inc.
2001 East University Drive,
Phoenix, AZ 85034

Tel: (602) 258-4531

Wyle Distribution Group
8155 North 24th Avenue
Phoenix, AZ 85021

Tel: (602) 249-2232

CALIFORNIA

Arrow Electronics, Inc.
9511 Ridge Haven Court
San Diego, CA 92123

Tel: (714) 565-6928

Arrow Electronics, Inc.

521 Weddell Drive
Sunnyvale, CA 94086

Tel: (408) 745-6600

Arrow Electronics, Inc.
19748 Dearborn Street
North Ridge Business Center
Chatsworth, CA 91311

Tel: (213) 701-7500

Avnet Electronics

350 McCormick Avenue
Costa Mesa, CA 92626

Tel: (714) 754-6051

Avnet Electronics

21050 Erwin Street
Woodland Hills, CA 91367
Tel: (213) 884-3333
Hamilton Avnet Electronics
3170 Pullman Street

Costa Mesa, CA 92626

Tel: (714) 6414107

Hamilton Avnet El i
1175 Bordeaux Drive
Sunnyvale, CA 94086

Tel: (408) 743-3300
Hamilton Avnet Electronics
4545 Viewridge Avenue
San Diego, CA 92123

Tel: (714) 571-7510
Hamilton Electro Sales
10912 W. Washington Blvd.
Culver City, CA 90230

Tel: (213) 558-2121
Hamilton Avnet Electronics
4103 Northgate Boulevard,
Sacramento, CA 95834

Tel: (916) 920-3150

8797 Balboa Avenue

San Diego, CA 92123
Tel: (714) 278-2112
Kierulff Electronics, Inc.
14101 Franklin Avenue
Tustin, CA 92680

Tel: (714) 731-5711
Schweber Electronics Corp.
17822 Gillette Avenue
Irvine, CA 92714

Tel: (714) 863-0200
Schweber Electronics Corp.
3110 Patrick Henry Drive
Santa Clara, CA 95050
Tel: (408) 748-4700

Wyle Distribution Group
124 Maryland Avenue

El Segundo, CA 90245
Tel: (213) 322-8100

Wyle Distribution Group
9525 Chesapeake Drive
San Diego, CA 92123
Tel: (714) 565-9171

Wyle Distribution Group
3000 Bowers Avenue
Santa Clara, CA 95052
Tel: (408) 727-2500

Wyle Distribution Group
17872 Cowan Avenue
Irvine, CA 92714

Tel: (714) 863-9953

Wyle Distribution Group
18910 Teller Avenue
Irvine, CA 92715

Tel: (714) 851-9958

COLORADO

Arrow Electronics Inc.

1390 So. Potomac Street
Suite 136

Aurora, CO 80012

Tel: (303 696-1111
Hamilton Avnet Electronics
8765 E. Orchard Road, Suite

'708, Englewood, CO 80111

Tel: (303) 740-1000
Kierulff Electronics, Inc.
7060 So. Tucson Way
Englewood, CO 80112
Tel: (303) 790-4444
Wyle Distribution Group
451 East 124th Avenue
Thornton, CO 80241

Tel: (303) 457-9953

CONNECTICUT

Arrow Electronics, Inc.
12 Beaumont Road
Wallingford, CT 06492
Tel: (203) 265-7741
Hamilton Avnet El "

C Drive, C
Industrial Park,

Danbury, CT 06810
Tel: (203) 797-2800

FLORIDA

Arrow Electronics, Inc.

1001 NW 62nd Street, Suite
108, Ft. Lauderdale, FL 33309
Tel: (305) 776-7790

Arrow Electronics, Inc.

50 Woodlake Dr., West-Bldg. B

Palm Bay, FL 32905
Tel: (305) 725-1480

*Chip Supply
1607 Forsythe Road
Orlando, FL 32807
Tel: (305) 275-3810
Hamilton Avnet Electronics
6801 NW 15th Way
Ft. Lauderdale, FL 33068
Tel: (305) 971-2900
Hamilton Avnet Electronics
3197 Tech Drive, No.
St. Petersburg, FL 33702
Tel: (813) 576-3930
Kierulff Electronics, Inc.
3247 Tech Drive
St. Petersburg, FL 33702
Tel: (813) 576-1966
Milgray Electronics, Inc.
1850 Lee World Center
Suite 104
Winter Park, FL 32789
Tel: (305) 647-5747
Schweber Electronics Corp.
2830 North 28th Terrace
Hollywood, FL 33020
Tel: (305) 927-0511

GEORGIA

Arrow Electronics, Inc.
2979 Pacific Drive
Norcross, GA 30071
Tel: (404) 449-8252

Hamilton Avnet Electronics
5825D Peach Tree Corners
Norcross, GA 30092

Tel: (404) 447-7503
Schweber Electronics Corp.
303 Research Drive

Suite 210

Norcross, GA 30092

Tel: (404) 449-9170

ILLINOIS

Arrow Electronics, Inc.
2000 Algonquin Road
Schaumburg, IL 60193

Tel: (312) 397-3440
Hamilton Avnet Electronics
1130 Thorndale Avenue
Bensenville, IL 60106

Tel: (312) 860-7700

*Chip distributor only.




RCA Authorized Distributors

U.S. and Canada (Cont'd)

us.

ILLINOIS
Kierulff Electronics, Inc.
1536 Landmeier Road
Elk Grove Village, IL 60007
Tel: (312) 640-0200
Newark Electronics
500 North Pulaski Road
Chicago, IL 60624
Tel: (312) 638-4411
Schweber Electronics Corp.
904 Cambridge Drive
Elk Grove Village, IL 60007
Tel: (312) 364-3750
INDIANA
Arrow Electronics, Inc.
2718 Rand Road
Indianapolis, IN 46241
Tel: (317) 243-9353
Graham Electronics Supply,
Inc.
133 S. Pennsylvania Street
Indianapolis, IN 46204
Tel: (317) 634-8202
Hamilton Avnet E ics,
Inc.
485 Gradle Drive
Carmel, IN 46032
Tel: (317) 844-9333
KANSAS

Hamilton Avnet Electronics

9219 Quivira Road

Overland Park, KS 66215

Tel: (913) 888-8900

Milgray Electronics, Inc.

6901 W. 63rd Street

Overland Park, KS 66215

Tel: (913) 236-8800
LOUISIANA

Sterling Electronics, Inc.

3005 Harvard St., Suite 101

Metairie, LA 70002

Tel: (504) 887-7610
MARYLAND

Arrow Electronics, Inc.

4801 Benson Avenue

Baltimore, MD 21227

Tel: (301) 247-5200

Hamilton Avnet Electronics

6822 Oakhill Lane

Columbia, MD 21045

Tel: (301) 995-3500

Pyttronic Industries, Inc.

Baltimore/ Washington Ind.Pk.

8220 Wellmoor Court

Savage, MD 20863

Tel: (301) 792-0780

Schweber Electronics Corp.

9218 Gaithers Road

Gaithersburg, MD 20877

Tel: (301) 840-5900

Zebra Electronics, Inc.

2400 York Road

Timonium, MD 21093

Tel: (301) 252-6576
MASSACHUSETTS

Arrow Electronics, Inc.

Arrow Drive

Woburn, MA 01801

Tel: (617) 933-8130

Hamilton Avnet Electronics

50 Tower Office Park

Woburn, MA 01801

Tel: (617) 935-9700

*Hybrid Components Inc.

140 Elliot Street

Beverly, MA 01915

Tel: (617) 927-5820

Kierulff Electronics, Inc.

13 Fortune Drive

Billerica, MA 01821

Tel: (617) 667-8331

A. W. Mayer Co.

34 Linnell Circle

Billerica, MA 01821

Tel: (617) 229-2255

Schweber Electronics Corp.

25 Wiggins Avenue

Bedford, MA 01730

Tel: (617) 275-5100

*Sertech

One Peabody Street

Salem, MA 01970

Tel: (617) 745-2450

Sterling Electronics, Inc.

411 Waverly Oaks Road

Waltham, MA 02154

Tel: (617) 894-6200
MICHIGAN

Arrow Electronics, Inc.

3810 Varsity Drive

Ann Arbor, M1 48104

Tel: (313) 971-8220

Hamilton Avnet Electronics

2215 29th Street

Grand Rapids, MI 49503

Tel: (616) 243-8805

Hamilton Avnet Electronics

32487 Schoolcraft Road

Livonia, M1 48150

Tel: (313) 522-4700

Schweber Electronics Corp.

12060 Hubbard Avenue

Livonia, M1 48150

Tel: (313) 525-8100
MINNESOTA

Arrow Electronics, Inc.

5230 West 73rd Street

Edina, MN 55435

Tel: (612) 830-1800

Hamilton Avnet Electronics

10300 Bren Road, East

Minnetonka, MN 55343

Tel: (612) 932-0600

Kierulff Electronics, Inc.

7667 Cahill Road

Edina, MN 55435

Tel: (612) 941-7500

Schweber Electronics Corp.

7422 Washington Avenue, So.

Eden Prairie, MN 55344

Tel: (612) 941-5280
MISSOURI

Arrow Electronics, Inc.

2380 Schuetz Road

St. Louis, MO 63141

Tel: (314) 567-6888

*Chip distributor only.
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Hamilton Avnet Electronics
13743 Shoreline Court East
Earth City, MO 63045

Tel: (314) 344-1200

Kierulff Electronics, Inc.

2608 Metro Park Boulevard
Maryland Heights, MO 63043
Tel: (314) 739-0855

NEW HAMPSHIRE

Arrow Electronics, Inc.
One Perimeter Drive
Manchester, NH 03103
Tel: (603) 668-6968

NEW JERSEY

Arrow Electronics, Inc.
Pleasant Valley Avenue
Moorestown, NJ 08057
Tel: (609) 235-1900
Arrow Electronics, Inc.
Two Industrial Road
Fairfield, NJ 07006
Tel: (201) 575-5300
Hamilton Avnet Electronics
Ten Industrial Road
Fairfield, NJ 07006
Tel: (201) 575-3390
Hamilton Avnet Electronics
One Keystone Avenue
Cherry Hill, NJ 08003
Tel: (609) 424-0110
Kierulff Electronics, Inc.
37 Kulick Road
Fairfield, NJ 07006
Tel: (201) 575-6750
Schweber Electronics Corp.
18 Madison Road
Fairfield, NJ 07006
Tel: (201) 227-7880
NEW MEXICO
Arrow Electronics, Inc.
2460 Alamo, SE
Albuquerque, NM 87106
Tel: (505) 243-4566
Hamilton Avnet Electronics
2524 Baylor S.E.
Albuquerque, NM 87106
Tel: (505) 765-1500
Sterling Electronics, Inc.
3540 Pan American
Freeway, N.E.
Albuquerque, NM 87107
Tel: (505) 884-1900
NEW YORK
Arrow Electronics, Inc.
20 Oser Avenue
Hauppauge, L.I., NY 11788
Tel: (516) 231-1000
Arrow Electronics, Inc.
7705 Maltlage Drive
Liverpool, NY 13088
Tel: (315) 652-1000
Arrow Electronics, Inc.
25 Hub Drive
Melville, L1, NY 11747
Tel: (516) 391-1640
Arrow Electronics, Inc.
3000 South Winton Road
Rochester, NY 14623
Tel: (716) 275-0300
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RCA Authorized Distributors
U.S. and Canada (Cont'd)

US. NEWYORK Schweber Electronics Corp.
" Hamilton Avnet Electronics 23880 Commerce Park Road Sterling Electronics, Inc.
Five Hub Drive Beachwood, OH 44122 2335A Kramer Lane, Suite A

Melville, L.1., NY 11746
Tel: (516) 454-6000
Hamilton Avnet Electronics
333 Metro Park

Rochester, NY 14623

Tel: (716) 475-9130

Tel: (216) 464-2970
OKLAHOMA

Kierulff Electronics, Inc.

Metro Park 12318 East 60th

Tulsa, OK 74145

Tel: (918) 252-7537

Austin, TX 78758

Tel: (512) 836-1341
Sterling Electronics, Inc.
11090 Stemmons Freeway
Stemmons at Southwell
Dallas, TX 75229

Hamilton Avnet Electronics OREGON Tel: (214) 243-1600

16 Corporate Circle Hamilton Avnet Electronics Sterling Electronics, Inc.
East Syracuse, NY 13057 6024 S.W. Jean Road, 4201 Southwest Freeway
Tel: (315) 437-2641 Bldg. B-Suite J, Houston, TX 77027
Milgray Electronics, Inc. Lake Oswego, OR 97034 Tel: (713) 627-9800

191 Hanse Avenue Tel: (503) 635-8157 UTAH

Freeport, L.L, NY 11520 Wyle Distribution Group Hamilton Avnet Electronics

Tel: (516) 546-5600

Schweber Electronics Corp.
Three Townline Circle

5289 N.E. Ezram Young-Parkway
Hillsboro, OR 97123
Tel: (503) 640-6000

1585 West 2100 South
Salt Lake City, UT 84119
Tel: (801) 972-2800

Rochester, NY 14623 PENNSYLVANIA

’ Kierulff Electronics, Inc.
Tel: (716) 424-2222 Arrow Electronics, Inc. 2121'S. 3600 West Street
Schweber Electronics Corp. 650 Seco Road Salt Lake City, UT 84119

Jericho Turnpike
Westbury, L.I., NY 11590
Tel: (516) 334-7474
Summit Distributors, Inc.
916 Main Street

Buffalo, NY 14202

Tel: (716) 884-3450

Monroeville, PA 15146
Tel: (412) 856-7000
Herbach & Rademan, Inc.
401 East Erie Avenue
Philadelphia, PA 19134
Tel: (215) 426-1700
Schweber Electronics Corp.

Tel: (801) 973-6913

'Wyle Distribution Group

1959 South 4130 West Unit B

Salt Lake City, UT 84104

Tel: (801) 974-9953
WASHINGTON

Arrow Electronics, Inc.

NORTH CAROLINA 231 Gibralter Road 14320 N.E. 21st Street
Arrow Electronics, Inc. Horsham, PA 19044 Bellevue, WA 98005
: Tel: (215) 441-0600 p
5240. Greensdairy Road : Tel: (206) 643-4800
Raleigh, NC 27604 TEXAS Hamilton Avnet Electronics

Tel: (919) 876-3132

Arrow Electronics, Inc.

14212 N.E. 21st Street

Hamilton Avnet Electronics 13715 Gamma Road Bellevue, WA 98005
3510 Spring Forest Road Dallas, TX 75240 Tel: (206) 453-5874
Raleigh, NC 27604 Tel: (214) 386-7500 K

ierulff Electronics, Inc.
Tel: (919) 878-0810 Arrow Electronics, Inc. 1005 Andover Park E.
Kierulff Electronics Inc. 10899 Kinghurst Dr., Suite 100 Tukwila, WA 98188

1 North Commerce Center
5249 North Boulevard
Raleigh, NC 27604
Tel: (919) 872-8410
Schweber Electronics Corp.
5285 North Boulevard
Raleigh, NC 27604
Tel: (919) 876-0000
‘OHIO
Arrow Electronics, Inc.
7620 McEwen Road
Centerville, OH 45459
Tel: (513) 435-5563
Arrow Electronics, Inc.

Houston, TX 77099

Tel: (713) 530-4700
Hamilton Avnet Electronics
2401 Rutland Drive

Austin, TX 78758

Tel: (512) 837-8911

Hamilton Avnet El .
2111 West Walrut Hill Lane
Irving, TX 75060

Tel: (214) 6594111
Hamilton Avnet Electronics
8750 Westpark

Houston, TX 77063

Tel: (713) 975-3515

Tel: (206) 575-4420
Priebe Electronics

2211 Fifth Avenue
Seattle, WA 98121

Tel: (206) 682-8242

Wyle Distribution Group
1750 132nd Avenue, N.E.
Bellevue, WA 98005

Tel: (206) 453-8300

WISCONSIN

Arrow Electronics, Inc.
430 West Rawson Avenue
Oak Creek, WI 53154
Tel: (414) 764-6600

6238 Cochran Road Kierulff Electronics, Inc.

Solon, OH 44139 3007 Longhorn Blvd., Suite 105 ;"9‘7';";‘” :L““ "i":;’;“";
Tel: (216) 248-3990 Austin, TX 78758 New B::;i‘n w‘;";ﬁ P oa
Hamilton Avnet Electronics, Tel: (512) 835-2090 Tel: (414) 7‘“_4510

Inc. Kierulff Electronics, Inc.

4588 Emery Industrial Parkway
Cleveland, OH 44128

Tel: (216) 831-3500
Hamilton Avnet Electronics
954 Senate Drive

Dayton, OH 45459

Tel: (513) 433-0610
Hughes-Peters, Inc.

481 East Eleventh Avenue
Columbus, OH 43211

Tel: (614) 294-5351

9610 Skillman Avenue
Dallas, TX 75243

Tel: (214) 343-2400
Kierulff Electronics, Inc.
10415 Landsbury Drive, Suite 210
Houston, TX 77099

Tel: (713) 530-7030
Schweber Electronics Corp.
4202 Beltway,

Dallas, TX 75234

Tel: (214) 661-5010

Kierulff Electronics, Inc.
2236G West Bluemond Road
Waukesha, WI 53186

Tel: (414) 784-8160

Taylor Electric Company
1000 W. Donges Bay Road
Mequon, WI 53092

Tel: (414) 2414321

Canada Alberta

Kierulff Electronics, Inc. Schweber Electronics Corp. Hamilton Avnet Elec.
23060 Miles Road 10625 Richmond Ste. 100 2816 21st St. N.E,, Calgary
Cleveland, OH 44128 Houston, TX 77042 Alberta, T2E 622

Tel: (216) 587-6558

Tel: (713) 784-3600

Tel: (403) 230-3586




RCA Authorized Distributors

U.S. and Canada (Cont'd)

Camads L. A. Varah, Ltd.

6420 6A Street SE,
Calgary, Alberta T2H ZB7
Tel: (403) 255-9550

British Columbia
L. A. Varah, Ltd.
2077 Alberta Street,
Vancouver, B.C. V§Y 1C4
Tel: (604) 873-3211
R.A.E. Industrial Electronics,
Ltd.
3455 Gardner Court, Burnaby,
B.C. V5G 4)7
Tel: (604) 291-8866

Manitoba
L. A. Varah, Ltd.
#12 1832 King Edward Street
Winnipeg, Manitoba R2R ON1
Tel: (204) 633-6190

Europe, Middie East, and Africa

Bacher Elektronische Gerate
GmbH

Rotenmuhlgasse 26,

A-1120 Vienna

Tel: 0222/8356460

Inelco Belgium S.A.

Avenue des Croix de Guerre 94
1120 Bruxelles

Tel: 02/216.01.60

Tage Olsen A/S
P.O. Box 225

DK - 2750 Ballerup
Tel: 02/65 81 11

Sakrco Enterprises

P.O. Box 1133,

37 Kasr El Nil Street, Apt. 5
Cairo

Tel: 744440

General Trading Agency
P.O. Box 1684

Addis Ababa

Tel: 132718 137275

Telercas OY

P.O. Box 33

SF - 04201 Kerava
Tel: 0/248.055

Almex S.A.

48, rue de I'’Aubepine,
F - 92160 - Antony
Tel: (1) 666 21 12
Radio Equipments
Antares S.A.

9, rue Ernest Cognacq,
F -92301 - Levallois Perret
Tel: (1) 758 11 11
Tekelec Airtronic S.A.
Cite des Bruyeres,

Rue Carle Vernet,

F - 92310 - Sevres

Tel: (1) 534.75.35
Alfred Neye Enatechnik GmbH
Schillerstrasse 14,
2085 Quickborn

West Germany

Tel: 04106/6121

Austria

Belgium

Denmark

Egypt

Ethiopia

Finland

France

Germany

Greece

Holland

Hungary

Ontario
Cesco Electronics Ltd.
24 Martin Ross Road
Downsview, Ontario M3J 2K9
Tel: (416) 661-0220
Electro Sonic, Inc.
1100 Gordon Baker Road
Willowdale, Ontario M2H 3B3
Tel: (416) 494-1666
Hamilton Avnet (Canada) Ltd.
6845 Rexwood Drive
Units 34,5
Mississauga, Ontario L4V IMS
Tel: (416) 677-7432
Hamilton Avnet (Canada) Ltd.
210 Colonnade Street
Nepean, Ontario K2E 7LS
Tel: (613) 226-1700

ECS Hilmar Frehsdorf GmbH
Electronic Components Service
Carl-Zeiss Strasse 3

2085 Quickborn

West Germany

Tel: 04106/71058-59

Beck GmbH & Co.
Elektronik Bauelemente KG
Eltersdorfer Strasse 7,

8500 Nurnberg 15

West Germany

Tel: 0911/34961-66

Elkose GmbH
Bahnhofstrasse 44,

7141 Moglingen

West Germany

Tel: 07141/4871

Sasco GmbH
Hermann-Oberth-Strasse 16
8011 Putzbrunn bei Munchen
West Germany

Tel: 089/46111

Spoerle Electronic KG
Max-Planck Strasse 1-3,
6072 Dreieich bei Frankfurt

Italy

Kuwait
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L. A. Varah, Ltd.

505 Kenara Avenue, Hamilton,
Ontario L8E 1J8

Tel: (416) 561-9311

Quebec
Cesco Electronics, Ltd.
4050 Jean Talon Street, West
Montreal, Quebec H4P 1 W1
Tel: (514) 735-8511
Hamilton Avnet (Canada) Ltd.
2670 Sabourin Street, St.
Laurent, Quebec H4S 1M2
Tel: (514) 331-6443

DEDO Elettronica SpA

. Strada Statale 16 Km 403-550

64019 Tortoreto Lido (Te)
Tel: 0861/78.67.46-48
Eledra 3S SpA

Viale Elvezia 18,
1-20154, Milano

Tel: (02) 349751

IDAC Elettronica SpA
Via Verona 8,

1-35010 Busa di Vigonza
Tel: (049) 72.56.99

LASI Elettronica SpA
Viale Lombardia 6,

1 - 20092 Cinisello
Balsamo (M)

Tel: (02) 61.20.441-S
Silverstar Ltd.

Via dei Gracchi 20,
1-20146 Milano

Tel: (02) 49.96

Morad Yousuf Behbehani

P.O. Box 146
Kuwait

Societe d"Equi

West Germany
Tel: 06103/3041
Semicon Co.
104 Aeolou Str.
TT.131 Athens
Tel: 3253626

Vekano BV

Postbus 6115,

N - 5600 HC Eindhoven
Tel: (40) 81 09 75

Hungagent

P.O. Box 542
H-1374 Budapest
Tel: 01/669-385

Norway

Portugal

Israel

Georg A d
P.O. Box 698, Reykjavik
Tel: 81180

Aviv Electronics

Kehilat Venezia Street 12
69010 Tel-Aviv

Tel: 03-494450

Spain

South Africa

et Electrique sa. (S.E.M.E.)
rue Ibn Batouta 29
Casablanca

Tel: (212) 22.08.65
National Elektro A/S
Ulvenveien 75, P.O. Box 53
Okern, Oslo §

Tel: (472) 64 49 70

Telectra Sarl

Rua Rodrigo da Fonseca, 103
Lisbon |

Tel: 68.60.72-75

Allied Electronic
Components (PTY) Ltd.
P.O. Box 6387
Dunswart 1508

Tel: (011) 528-661
Kontron S.A.
Salvatierra 4,

Madrid 34

Tel: 1/729.11.58
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RCA Authorized Distributors
Europe, Middle East, and Africa(Cont'd)

Spain

Sweden

Novolectric

Villaroel, 40,

Barcelona 11

Tel: 254.18.07-08

Ferner Electronics AB
Snormakarvagen 35,

P.O. Box 125,

S-161 26 Bromma Stockholm
Tel: 08/80 25 40

Turkey

Baerlocher AG
Forrlibuckstrasse 110

8005 Zurich

Tel: (01) 42.99.00

Teknim Company Ltd.
Riza Sah Pehlevi Caddesi 7
Kavaklidere Ankara

Tel: 27.58.00

Asia Pacific

Australia

AWA Microelectronics

348 Victoria Road
Rydalmere N.S.W. 2116
Amtron Tyree Pty. Ltd.

176 Botany Street, Waterloo,
N.S.W. 2017

Hong Kong

India

El ic Engineers &
Consultants Ltd.

103 Elephant Road, Ist Floor
Dacca §

Gibb Livingston & Co., Ltd.
77 Leighton Road

Leighton Centre

P.O. Box 55

Hong Kong Electronic
Components Co.

Flat A Yun Kai Bldg. 1/ Fli
466-472 Nathan Road
Kowloon

Photophone Ltd.

179-5 Second Cross Road
Lower Palace Orchards
Bangalore 560 003

Latin America

Argentina

Eneka S.A.L.C.F.I.
Tucuman 299,

1049 Buenos Aires

Tel: 31-3363

Radiocom S.A.

Conesa 1003,

1426 Buenos Aires

Tel: 551-2780

Tecnos S.R.L.
Independencia 1861

1225 Buenos Aires

Tel: 37-0239

Commercial Bezerra Ltda.
Rua Costa Azevedo, 139,
CEP-69.000 Manaus/ AM
Tel: (092) 232-5363

UK.

ACCESS Electronic Components
Ltd. :

Austin House, Bridge Street
Hitchin, Hertfordshire SG5 2DE
Tel: Hitchin (0462) 31 221
Gothic Crellon Electronics Ltd.
380 Bath Road, Slough,

Berks, SL1 6JE

Tel: Burnham (06286) 4434
Jermyn Distribution

Vestry Industrial Estate
Sevenoaks, Kent

Tel: Sevenoaks (0732) 450144
Macro Marketing Ltd.

Burnham Lane,

Slough, Berkshire SL1 6LN

Tel: Burnham (06286) 4422

NVPD Soed Co

Japan

Korea

Nepal

New
Zealand

Philippines

Chile

Samudera Indonesia Buildi
JL Letten, Jen. S
Parman No. 35 Slipi

Jakarta Barat

Okura & Company Ltd.

3-6 Ginza, Nichome, Chuo-Ku
Tokyo 104

Panwest Company, Ltd.

C.P.O. Box 3358

Room 603, Sam Duk Building
131 Da-Dong, Chung-Ku
Seoul, Republic of South Korea

Continental Commercial
Distributors

Durbar Marg.
Kathmandu

AWA NZ Ltd.

N.Z. P.O. Box 50-248
Porirua

Philippine Electronics Inc.
P.O. Box 498

3rd Floor, Rose

Industrial Bldg., 11 Pioneer St.
Pasig, Metro Manila

Panamericana Comercial
Importadora Ltda.

Rua Aurora, 263,
01209, Sao Paulo, SP
Tel: (011) 222-3211
Raylex Ltda.

Av Providencia 1244,
Depto.D, 3er Piso
Casilla 13373, Santiago
Tel: 749835

Industria de Radio y
Television S.A. (IRT)
Vic. MacKenna 3333
Casilla 170-D, Santiago
Tel: 561667

Yugoslavia

Zambia

Zilﬁb-bwe

Singapore

Sri Lanka

Taiwan

Thailand

Colombia

Costa Rica

Dominican
Republic

STC Electronic Services
Edinburgh Way, Harlow

Essex, CM20 2DF

Tel: Harlow (0279) 26777

VSI Electronics (U.K.) Ltd.
Roydonbury Industrial Park
Horsecroft Road, Harlow

Essex CM19 5§ BY

Tel: Harlow (0279) 29666
Avtotehna

P.O. Box 593, Celovska 175
Ljubljana 61000

Tel: 552 341

African Technical Associates Ltd.
Stand 5196 Luanshya Road
Lusaka

BAK Electrical Holdings (Pvt) Ltd.
P.O. Box 2780

Salisbury

Semitronics Philippines
216 Ortego Street
San Juan 3134, Metro Manila

Device Electronics Pte. Ltd.

101 Kitchener Road No. 02-04
Singapore 0820

Microtronics Asso. Pte. Ltd.
Block 1003, Unit 35B

Aljunied Avenue §

Singapore 1438

C.W. Mackie & Co. Ltd.

36 D.R. Wijewardena Mawatha
Colombo 10

Delta Engineering Ltd.

No. 42 Hsu Chang Street

8th Floor, Taipei

Muititech International Corp.
No. 977 Min Shen East Road
Taipei

Anglo Thai Engineering Ltd.
2160 Ramkambaeng Road
Highway Hua Mark, Bangkok
Better Pro Co. Ltd.

71 Chakkawat Road

Wat Tuk, Bangkok

Miguel Antonio Pena Pena
Y Cia. S. En C.

Carrera 12 #1906

Bogota

Electronica Moderna
Carrera 9A, NRO 19-52
Apartado Aereo 5361
Bogota, D.E.1

J. G. Valldeperas, S.A.
Calle 1, Avenidas 1-3,
Apartado Postal 3923

San Jose

Tel: 32-36-14

Humberto Garcia, C. por A.
El Conde 366

Apartado de Correos 771
Santo Domingo

Tel: 682-3645




RCA Authorized Distributors

Latin America (Cont'd)
Ecuador Elecom, S.A. Mexi El ica Remberg, S.A. Surinam
Padre Solano 202-OF. 8, de C.V.
P.0. Box 9611, Guayaquil Republica del Salvador No.
El Sslvador  Radio Electrica, S.A. 30-102, Mexico City 1, D.F.
4A Avenida Sur Nb. 228 Tel: 510-47-49
San Salvador Mexicana de Bulbos, S.A.
Tel: 21-5609 Michoacan No. 30
Radio Parts, S.A. Mexico 11, D.F.
2A C. 0. No. 319 Postal la Tel: 564-92-33
Dalia, P.O. Box 1262 Partes Electronicas, S.A. Trinidad
San Salvador Republica Del Salvador 30-501
Tel: 21-3019 Mexico City
Guatemala Electronics Guatemalteca Tel: (905) 585-3640
13 Calle 5-59, Zona | Raytel, S.A.
P.O. Box 514 Sullivan 47 Y 49 Uruguay
Guatemala City Mexico 4, D.F.
Tel: 25-649 Tel: 566-67-86
Tele-Equipos, S.A. Netherland El Louvre, S.A.
10A Calle 540, Zona 1 Antilles P.O. Box 138, Curacao
Apartado Postal 1798 Tel: 54004
Guatemala City Nicarag C ial F. A. Mendieta, S.A." €Pezuels
Tel: 29-805 Apartado Postal No. 1956
Haiti Societe Haitienne C.S.T. 5c Al Sur 2c 1/2 Abajo
D’Automobiles, S.A. Managua
P.O. Box 428, Panama Tropelco, S.A.
Port-Au-Prince Via Espana 20-18, Panama 7
Tel: 2-2347 Rep. de Panama West Indies
Honduras Francisco J. Yones Paraguay Compania Comercial Del
3A Avenida S.0. 5 Paraguay, S.A.
San Pedro Sula, X Casilla de Correo 344
Honduras, Central America Chile 877, Asuncion
Tel: 52-00-10 Peru Arven S.A.
PSJ Adan Mejia 103, OF. 33
Lima 11

Tel: 716229
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Kirpalani's Ltd.

17-27 Maagdenstreet,

P.O. Box 251, Paramaribo
Tel: 71-400

Surinam Electronics
Keizerstreet 206

P.O. Box 412

Paramaribo

Tel: 76-555

Kirpalani's Limited
Kirpalani's Komplex
Churchill Roosevelt Highway
San Juan, Port-of-Spain
Tel: 638-2224/9

American Products S.A.
(APSA)

Casilla de Correo 1438
Canelones 1133

Montevideo

Tel: 594210

P. Benavides, P.; S.R.L.
Residencies Camarat, Local 7
La Caudelaria, Caracas
MAIL ADDRESS: Apartado Postal
20.249

San Martin, Caracas

Tel: (58-2) 571-21-46

Da Costa and Musson Ltda.
Carlisle House

Hincks Street

P.O. Box 103

Bridgetown, Barbados

Tel: 608-50
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