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FUNCTION DELAY TIMER

W.R. EASON ASTC, AMLE, (Aust), MIREE. AWV APPLICATIONS LABORATORY

When an application requires atime
delay between the operation of the
power control switch and the actual
application of the power to a device,
then some form of delay system
must be incorporated. This type of
switching system has many appli-
cations, some of which are listed
below:

1) Power control of heater systems
of various specialised types.

2) The operation of fans to cir-
culate air or gas after other
functions have been completed.

3) Safety device delay systems in
- electronic equipment.

4) The delayed control of gases
by solenoid valves after other
functions have been completed.

5) Incorporation in part of safety
systems in domestic and indu-
strial equipment.

6) The coupling of several units
in cascade for sequence controls.

The circuit illustrated produces a
predetermined delay before applying
the power to the load. In this case
the design has been developed to
control the power mains but can
be readily applied to other devices.
The delay is determined by the actual
value of the capacitor C,,and the
components have been adjusted so
that the delay time, measured in
seconds, is given by the relation-
ship.

Tp = 1o0CT

Where Cy is in microfarads.
To compensate for component tol-
erances a variable resistor R has

been provided but this and the ad-
jacent series resistor canbe replaced
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by a single fixed resistor if required.

The circuit of the unit can be
divided into three main sections,
and a description of each unit is
as follows:

1) THE TIME DELAY CIRCUIT CONTAIN-
ING Q2 AND Q3 WITH THE INHIBITING
TRANSISTOR Qi.

The Q2 collector is a constant
current source used to charge the
timing capacitor C, in a linear man-
ner. When it is c'garged to the av-
ailable voltage, this charging current,
which also holds on the transistor
Q3, ceases and Q3 turns off. The
timing system is completely dis-
charged at any instant by the turning

on of Q1 which, in turn, is controlled
by the external switch S1. Under
these conditions the opening of S1
at any time will almost instantan-
eously reset the time delay to the
full interval selected.

2) A SCHMITT TRIGGER CONTAINING Q4
AND Q5, WHICH CONTROLS THE THIRD
SECTION.

The Schmitt trigger is controlled
by the collector current of Q3, which
while it exists during the charging
of Cp, holds Q4 on, which in turn
holds Q5 off. As soon as the collec-
tor current of Q3 falls towards a
low value near zero, the Schmitt
trigger reverses and the collector
current of Q5 rises to its maximum
value.
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3) A CONTROL TRANSISTOR Q6 WHICH
TURNS THE TRIAC ON AND APPLIES
THE POWER MAINS TO THE LOAD.

Q6 turns on as the collector current
of Q5 rises to its maximum value.
This then applies a current to the
gate of the triac Q7 via a series
limiting resistor and turns on the
triac applying the power to the load
circuit. A simple power supply is
also included with zener control for
the first two sections which assists
the suppression of unwanted tran-
sients. The small capacitors are
placed to suppress other transients
and two diodes are used, one to speed
up the discharge of Cp and the other
to turn on Q4 when S1 is open.

The value of the capacitor Cp
determines the delay interval and
since the charging current in this
unit is in the order of 2 microamps
a low leakage capacitor must be used.
Although the reliability of the whole
unit will depend upon the quality of
the components used, the tolerance
on component values is not critical.
Most of the transistors are either
'on' or 'off', the exception being
the constant current transistor Q2.
The saturated operating condition of
most transistors will make them
almost independent of temperature,
however in the case of Q2 a diode
has been placed in the bhase circuit
to provide temperature compensation.
With these features, the operation
and delay times should be stable up
to about 65° C. Operating under such
conditions the unit is independent of
the individual transistor charac-
teristics and most of the circuit
components.

This unit will cover the range of
delays from about 0.1 seconds to
several tens of seconds. The delay
times can be extended to several
minutes by using a lower constant
charging current and a darlington
coupled pair in place of Q3. The
value of C., can also be increased,
provided itér leakage is low, to further
extend the delay time.

The maximum delay time will be
limited by the transistor and capa-
citor leakage currents, but delays
of the order of 20 minutes should be
possible. It should be noted that as
the charging currentis reduced, prob-
lems may arise from RF interference
and other spurious signals.

The power supply transformer must
supply about 100 milliamps when the
triac Q7 is on, but under quiescent
conditions drain is less than 20 milli-
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amps. The voltage rating of the main
filter capacitor should be conser-
vative and will be dependent upon
the peak voltage of the secondary
of the transformer. The secondary
voltage of the transformer is about
17 volts, but can be varied. Allowance
should be made for about 5 to 10
milliamps to be bled through the
zener diode D4 and several volts
to appear across the filter resistor.
The 470 ohm shown can be adjusted
to suit other transformer voltages or
any external power supply desired.

The delay control of the unit des-
cribed is normally adjusted to turn
on the power following the closing
of switch S1. The effect can be rev-
ersed by using a switch which is
normally closed when off. An instan-
taneous inhibit control is also pro-
vided with either 'on' or 'off' action
and this will over-ride the condition
of the unit at any time. When this
over-riding control is removed the
unit will immediately revert to the
state determined by the original op-
eration of S1.

The triac used in this unit is
capable of delivering up to 600 milli-
amps at 65°C without a heat sink,
and can be increased by the use
of suitable heat sinks.

The thermal resistance of a heat
sink in 9C/W can be derived from
the following relationship.

RS Ti-TA - (R8; _ o +R8: _p)

Pp

F-A~

where: RO J-C is the thermal resis-
tance from junction to case.

T is the maximum allowable junction
temperature.

Pp is the dissipation at the triacs
operating current.

The above characteristic values are
obtainable from the triacs data sheet.

T p is the maximum required
ambient temperature. R8c_y
is the thermal resistance
from case to fin. The maxi-
mum values for ROCc-f are

2.0° C/W for the 40669 plastic
assembly.

1.0° C/W for a T066 assembly.
0.5° C/W for a T03 assembly.

The table given below indicates
the maximum sizes of the heat sinks
needed for higher dissipation and are
based on the thermal resistance for
the 40669 triac, mounted with mica
washer and silicon grease.

The following explanation covers
the notations associated with some of
the heat sink values:

A. No heat sink is required.

B. The thickness has beenincreased
to 10 gauge (1/8")

C. The values stated are the thermal
resistance of the heat sink.

D. It is not practical to operate
the triac under these conditions.

The values given in the table are
the total surface areas in square
inches, including both sides, of 16
gauge (1/16'") natural finished vertic-
ally mounted aluminium sheet.

Conclusion

The circuit described will provide
delay times from about 0.1 seconds
to several tens of seconds with prov-
ision for longer delays. It is almost
independent of circuit constants and
temperature variations up to 65°C.
Provision has been made in the circuit
for over-riding control and many
other inhibit or logic functions can
be applied which will all enhance
its versatility.

Operating Current Maximum Ambient Temperature TA °C
in AMPS 40 45 55 60 65
1 N A 2 4 6
2 10 12 15 18 20
3 16 18 22 25 32
4 22 25 35 45 50
6 40 50 85B | 2.5C | 1.5C
8 1008 | 2.0C | 1.0C | 0.5C | _D
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An SCR Capacitor=Discharge
Ignition System
with Regulated,
Single-Ended Inverter ., s rsier

This Note describes a low-cost
capacitor-discharge (CD) ignition
system for passenger automobiles
that uses a silicon controlled rec-
tifier (SCR) in the output circuit.
This system provides the advantages
of reduced maintenance, low battery
current drain, and full output voltage
at low battery voltage (down to 4
volts) for starting under low-battery-
power conditions. In addition, it pro-
vides better firing of fouled spark
plugs because the high-voltage output
pulse has a faster rise time.

STANDARD IGNITION
SHORTING PLUG

(1 2} 3] fa] [5] [e]
[

Circuit Features

The circuit diagram for the SCR
ignition system is shown in Fig. 1.
The system can be considered as a
combination of eight basic building
blocks: (1) a single-ended, self-os-
cillating, swinging-choke inverter; (2)
an output circuit consisting of an
SCR, a storage capacitor, an ignition
coil ( a standard ignition coil is
used), and the commutating diode;
(3) a capacitor-charging circuit con-

?IGNITION
RUN

coi

DISTRIBUTOR
¥os = =
© DO NOT OPERATE IN
FREE AIR INSIDE
AIR=TIGHT CHASSIS
Re
— AN
Qj : 2N3055 C1:0.25 uF, 20 v R4 : 1000 ohms, /2 W
Q7 : 2N3053 Cp: 1 uF, 400 V Rg : 18000 ohms, 1/2 W
Q3: 2N3241 C3:1pF 25V Rg : 15000 ohms, 1/2 W
Qg : 2N3241 Cq:0.25 uF, 25V R7 :8200 ohms, 1/2 W
Qs : RCA 40657 F :5A Rg :0.39 megohm, /2 W
Dy : IN3193 L1:10 uH, 100 T of No.28 wire woundon  Rg : 220 ohms, 1 W
Dy : IN3195 a 2-W resistor (100 ohms or more) R1p : 1000 ohms, 1/2 W
D3: IN1763A Ry : 1000 ohms, 1/2 W R11: 68 ohms, 1/2 W
Dy: 12V, 1/4W Ry : 35 ohms, 5 W Ry : 4700 ohms, 1/2 W

R : 22000 ohms, 1/2 W

R13: 2700 ohms, 1/2 W

Fig. 1 — An SCR capacitor-discharge ignition circuit.
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sisting of a single rectifying diode
and a commutating diode; (4) a reg-
ulator which controls the frequency
of the inverter to provide efficient
regulation of the voltage on the sto-
rage capacitor; (5) a protection circuit
consisting of a limiting inductance
and a resistance that guards against
an open or shortened ignition coil
(the circuit is also self-protecting
against high-voltage arcing to either
ignition-coil primary terminal); (6)
an inverter shutdown which disables
the inverter while the points are open;
(7) a trigger circuit which suppresses
normal point bounce and also pre-
vents residual voltage across the
closed points from triggering the SCR;
(8) a method of cummutating the
SCR by use of the interplay of seve-
ral parts of the system.

Inverter, Regulator,
and Charging Circuit

The inverter uses a 2N3055 transi-
stor Q in the single-ended output
stage, a 2N3053 transistor Q, in an
emitter-follower driver stage, and a
2N3241 transistor Qg in the control
stage. Regenerative feedback is pro-
vided to the bases of Q1 and Qg
from the feedback winding on trans-
former Ti (details concerningtrans-
former winding are described in
Fig. 2). The high gain of the Qg
and Q2 combination assures oscill-
ation and low drive-power require-
ments. Starting resistor R5 biases
Q1 and Qg into conduction to start
oscillation. When Qi is saturated,
the battery voltage across the pri-
mary winding of T; increases the
current in the transformer. The re-
flected voltage inthe feedback winging
produces a current flow in R, , R1,
and D; to hold Qi in saturation;
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TYPE
2N3055

Transformer T7 is wound as follows:

A U/2%in. bobbin and E1 stack of grain-oriented silicon steel aie
used; first, 150 tumns of No.28 wire are wound and labeled S1 and
F1 on the winding; second, 50 tums of No:24 and No.30 wire are
wound bifilar and labeled S2 and F2; third, 150 tums of No.28 wire
are wound and labeled S3 and F3. All windings are wound in‘the
same direction. A total air gap of 70 mils (35-mil spacer) is used.
Connections are made as shown above.

Fig. 2 — Transformer winding detail.

simultaneously, the rectifying diode
Dy in the secondary winding is re-
verse-biased.

When the collector current in Q
reaches alevel where it cannot further
increase, the feedback voltage redu-
ces, and Q; starts to turn off. Re-
generative action of the circuit cuts
off the base drive of transistors
Q; and Qg and causes a "flyback"
pulse of voltage at the collector
of Q7 . Diode Dj blocks the reverse
voltage and limits the reverse base
drive. The reverse bias current that
turns off Q; and Qy is applied
through resistors R; and Rg, res-
pectively. The flyback pulse is step-
ped up in voltage on the secondary
of Ty and diode Dg becomes for-
ward-biased because of reversal of
secondary-voltage polarity. As a
result, the energy previously stored
in the primary of T is transferred
through the secondary winding to the
storage capacitor Cg, charging the
capacitor. Capacitor Cj reduces the
amplitude of the leakage inductance
pulse, and also the rate of voltage
rise at the collector of Q; . Charging
current through capacitor Cy is shun-
ted out of the ignition coil by com-
muting diode D3 so that no energy
is transferred into the ignition coil
and out into the load.

When the collector voltage of Qi
falls below the battery voltage, Qq
turns back on and the cycle repeats,
further charging the capacitor C, .
During the time that Cgy is below
a predetermined value, the voltage
applied to zener diode Dy through
voltage dividers Rg and Ry is not
sufficient to cause the zener diode
to conduct. If the ignition points
are also closed, resistor R- is re-
turned to ground and transistor Q3
is held off.

When the capacitor voltage reaches
a level that causes zener diode D4
to conduct, transistor Q3 turns on
and shunts the base drive current
from Qp. This effect reduces the
base drive at Q; and causes it to
pull out of saturation at a lower
collector-current level which, inturn
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increases the frequency of oscillation.
The cutback in peak primary current
reduces the charging rate of Cy
to the level required to supply the
losses (SCR leakage, etc.) and holds
the output voltage from further rise.

Transistor Qg also shuts down the
inverter when the ignition points are
open. When these points open, cur-
rent is fed from the voltage at the
points through resistor R, -to turn
Q3 on hard. This effect shorts the
base of Qg and stops the oscillation.

Fig. 3 shows the collector vol-
tage at Qp alternately saturating
and then going through a "flyback"
pulse of increasing amplitude. The

COLLECTOR
VOLTAGE-V

PRIMARY
VOLTAGE-V

TIME —ms
Fig. 3 — Collector voltage (top) and ignition-
coil primary voltage (bottom) of Q, as a
function of time. (2000 rpm; VCC=12 V)
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Fig. 4 — Expanded collector voltage (top)

as a function of time, and collector current

(bottom) as a function of time during turn-off

Q, as the capacitor CZ is being charged.
(VCC=12 V)

change in frequency as a result of
regulator action can be seen. The
collector voltage then drops to the
supply voltage when the ignition points
open and shut downthe inverter. Fig.
4 shows an expanded view of the turn-
off and flyback characteristic of Q
at a point when the capacitor is
being charged.

Output Circuit

When a high-voltage pulseis requi-
red, the SCR (Qg) is gated on. As
a result, the anode voltage of the
SCR drops to zero, and the voltage
across the capacitor Cy is applied
to the primary of the ignition coil.
(The inductance of L; is negligible
when compared to the ignition-coil
inductance in this analysis). The hot
side of the ignition-coil primary (ter-
minal 3 on the connecting plug) is
driven negative to the capacitor po-
tential. Diode D3, in parallel with
the coil, is reverse-biased at this
time. The discharge of the capacitor
into the primary of the coil generates
a high-voltage pulse onthe secondary.

The capacitor discharges sinu-
soidally into the primary inductance
of the ignition coil, building up the
primary current in the coil. When
the capacitor (and coil primary) volt-
age reaches zero and starts to re-
verse, the commutating diode Dg
becomes forward-biased and begins
to conduct. Primary-coil current is
at a peak at the time the diode
begins to conduct. The current then
suddenly switches out of the SCR and
into the diode. The primary-coil
voltage stays clamped at zero, and
the primary current decays at a rate
determined by the L/R ratio of the
coil. Because of the clamping action
of the commutating diode Dg, the
duration of the spark in the spark
plug is lengthened.

When the SCR is on, it is shorting
across the secondary of the inverter
transformer. However, the inverter
is off when the SCR is on (because
of the shut-down circuitry); therefore,
the inverter is not working into the
short.

Figs. 5 and 6 show the SCR vol-
tage and current as a function of
time. In Fig. 5, the oscilloscope is
triggered at the time the ignition
points open. The anode voltage of
the SCR drops to zero and its anode
current builds up to the peak in a
quarter-cycle. The current is then
switched out of the SCR, and SCR
current drops suddenly almost to
zero. The small residual current
is a result of the energy stored
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ANODE

ANODE
CURRENT-A VOLTAGE-V

TIME--ms

Fig. 5 — SCR voltage (top) and current
(bottom) as a function of time. (2000 rpm;
VCC= 12 V)

in the inverter transformer when the
inverter shuts down. This stored
energy causes a current to circulate
from the secondary of the transformer
through the SCR. When the ignition
points close and capacitor Cqy re-
charges, the SCR blocks the voltage
on the capacitor.

In Fig. 6, the oscilloscope is trig-
gered at the time the ignition points
close. The time between the closing
of the points and the initial rise
of the voltage is the time for the
collector current of Qi to build up
to the switching level. The signif-
icance of this time will be explained
when commutation of the SCR is
discussed.

ANODE

ANODE
CURRENT-A VOLTAGE-V

TIME-ms

Fig. 6 — SCR voltage (top) and current (bot-

tom) as a function of time. (Sweep triggered

at ignition point closing; 4000 rpm;
VCC =12V)

Fig. 7 shows the waveforms for
primary-coil voltage and currentthat
result when a 7-millihenry inductor
is used to simulate the primary
of the ignition coil. In Fig. 7, the
primary voltage moves rapidly to a
peak negative value, then decays
sinusoidally to zero as the current
builds to a peak. The primary voltage
is then clamped at zero and the current
decays exponentially.

It should be noted that an actual
ignition coil, operated with the sec-
ondary open, will reflect a tuned cir-
cuit into the primary. This operation
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causes a ringing on top of the wave-
forms shown in Fig. 7. The anode
voltage of the SCR may actually
reverse for a short time as a result
of this ringing. The SCR will essen-
tially block this reverse voltage
except for a small current that will
flow because of the presence of a
positive gate signal. There will be
some instantaneous dissipation in the
reverse-blocking junction of the SCR
for this short period of time which
the device is capable of handling.
The gate signal is kept positive th-
rough the ringing cycle so the SCR
will continue to conduct when the
anode voltage rings back positive.
This ringing does not occur when
the secondary voltage fires a plug
because the ionized plug shorts the
secondary winding.

>
R 0 I R SR T e I A >k
Sl P e ol el EE Iz]
s<
Sk
o
2o
>
¥
!

(=
2=
su
S
oo
oS

]

0 1 2 3 4 5
TIME-ms

Fig. 7 — Primary voltage (top) and current
(bottom) as a function of time. (7-mH dummy

coil, 2000 rpm; Vec=12 V)

Protective Circuits

Inductance Lj is provided to pro-
tect the ignition against a shorted
primary coil. The limiting inductance
controls the di/dt and peak current
that occur when the SCR is turned
on with a short across the primary
of the ignition coil. ResistanceR;q
is provided to keep the voltage at
the primary of the coil from being
negative when the coil is open. If
this voltage were not clamped, the
regulator would not operate properly
and the peak collector voltage at Qg
would exceed the limits specified for
the device.

Trigger Circuit

The functions of the triggering
circuitry are as follows: (1) trigger-
ing and holding the SCR on when
the ignition points open (at battery
voltages down to 4 volts), (2) feed-
ing signal back into the inverter shut-
down circuitry when the ignition points
are open, (3) suppressing the in-
verter signal that is riding on the

power supply so it does not trigger
the SCR, (4) preventing the resi-
dual voltage across the closed points
from triggering the SCR, (5) pre-
venting normal point bounce at point
closure from false-triggering the
SCR, and (6) maintaining proper op-
eration whether or not a capacitor
is present across the breaker points.
Transistor Q4 is used to perform
these functions.

The trigger current for the gate
of the SCR is initiated when the
base voltage of Q4 is approxima-
tely 0.6 volt above the emitter vol-
tage. The trigger current flows from
the supply through Rjj Q4and Cgto
the gate of the SCR.

When the ignition points open, cap-
acitor C4 (and the capacitor across
the points) charges because of the
current through Rg. If the points
are open long enough (without boun-
cing), the voltage across C, becomes
high enough to turn on Q4 . The
voltage required to turn on Q, is
the sum of the gate-cathode voﬁage
of Qg, the voltage across Cg, the
emitter-base voltage ofQ, and the
drop across Ryg- (Ryg is provided
so that the voltage across the open
ignition points becomes high enough
to feed sufficient current through
R7 to shut down the inverter.) At
normal speeds, there is an average
voltage level across Cg, the emitter
side of the capacitor being positive
with respect to the gate side of the
capacitor. This voltage keeps both
the gate-cathode junction of the SCR
and the emitter-base junction of the
transistor reverse-biased until Cy
charges high enough to turn on Qg
Because, when the points are closed,
Qq is off and the gate of Qg is
reverse-biased, the desired sup-
pression of the inverter signal and
the residual point voltage is achieved.

If the points are bouncing in normal
operation, they will discharge Cy(and
the distributor capacitor) almost in-
stantly each time they close. Thus,
each time the points bounce back
open, these capacitors must start
recharging from zero toward the
triggering level. With normal boun-
cing, the points will not stay open
long enough for the triggering level
to be reached, and the SCR will
not be triggered. If severe bouncing
occurs at very high speed, the points
can stay open long enough to cause
triggering of the SCR.

Better filtering is achieved when
the capacitor is used in the distri-
butor, but satisfactory operation oc-
curs without it. With the capacitor
left in the distributor, it is possible
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to switch back to standard ignition
by switching the plug shown in Fig.
15

Commutating the SCR

All the parts of the system work
together in such a manner astocause
the SCR current to go to zero for a
sufficient length of time to cause
commutation (turn-off).

As explained earlier, primary-coil
current is switched out of the SCR
and into the commutating diode when
primary voltage drops to zero. From
that time on, the diode keeps the
coil current clamped out of the SCR.
The SCR then carries only the small
current resulting from the energy
stored in the inverter transformer.
When the points close again, the in-
verter starts back up, and, as ex-
plained previously, the rectifying
diode D is back-biased during the
time tﬁe collector current of Q1
builds back up to the switching level.
At this point, there is no current
in the SCR. If current is left at
zero long enough, the SCR is left
in the blocking state for re-applied
positive anode voltage. As shown
in Fig. 6, the current is zero for
about 300 microseconds before anode
voltage is re-applied at 0.5 volt
per microsecond. A worst-case SCR
will commutate in less than 100
micro-seconds at 100°C under these
operating conditions.

Performance

Fig 8 shows several performance
curves for the capacitor-discharge
ignition circuit. Fig. 9 shows the
open-circuit output voltage as a
function of time. Fig. 10 shows the
out-put voltage when the secondary
is loaded with a 1-megohm resistor
in parallel with a 50-picofarad cap-
acitor.

Figs 11 and 12 show secondary
voltage under sparking conditions.
Arc duration in Fig. 11 is 300 micro-
seconds (single polarity) under wide-
gap conditions. The narrower gap
of Fig. 12 yielded an arc duration
of 400 microseconds.

Mounting Considerations

The circuit should be contained
in a water-tight environment. How-
ever, heat-generating components
should not be enclosed in a non-
circulating atmosphere because still
air has a thermal resistance 12,000
times that of copper. Generation of
heat in this high thermal resistance
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could cause the inside ambient tem-
perature to rise above the specified
limits. All components marked '"Do
not operate in free air inside air-
tight enclosure" should be thermally
connected to a thermal conductor
which makes a low thermal-resis-
tance path to the outside environment.
For example, the SCR should be
mounted to an aluminum plate on a
mica insulating washer. This plate
should then be fastened to the inside
of the chassis wall to provide the
thermal path to the outside environ-
ment. The resistors and diodes which
need heat sinks, as shown in Fig. 1,
should be attached to the chassis
with a thermally conductive epoxy.

Conclusion

Use of this circuit provides an
economical approach which will sat-
isfy the stringent performance requi
rements of ignition systems in con-
ventional passenger cars as well
as in high-performance cars.
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Fig. 9 — Open-circuit output voltage (Delco
D511 standard ignition coil or equivalent;
2000 rpm; VCC 12V)
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(Delco D511 standard ignition coil or equiv-

alent; 50-pF load in parallel with 1 megohm;
2000 rpm; Ve = 12 V)
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Fig. 11 — Output voltage showing spark-arc
duration (Delco D511 standard ignition coil
or equivalent; 2000 rpm; Ve = 12 V)

SECONDARY VOLTAGE-kV

0 100 200 300 400 500
TIME- s

Fig. 12 - Output voltage with spark gap
shortened (Delco D511 standard ignition coil
or equivalent; 2000 rpm; Ve =12 V)
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A Dual-Gate MOS-FET Preamplifier
for the 10-Meter Band

AUTHORS’ PREFACE: Older-type receivers frequently lack the gain necessary to ferret out
weaker signals on the |0-meter band. An ideal solution to this problem is provided by an inexpen-
sive, easily constructed preamplifier which exploits outstanding performance characteristics of
RCA’s recently developed dual-gate metal-oxide-semiconductor (MOS) field-effect transistor. The
preamplifier discussed in the article which follows boasts a gain of 26 dB without special neutra-
lization. A noise figure of 2 dB can be appreciated when quiet conditions exist.

BY G.E. YEWDALL
& D.W. NELSON,
RCA CAMDEN, N.J.

A dual-gate field-effect transis-
tor, such as the RCA-3N140 used in
the preamplifier described in this
article, is equivalent electrically to
two single-gate transistors connec-
ted in cascode and enclosed in the
same package. In some respects,
the resulting transistor resembles
a tetrode tube; however, the main
intent in using a dual-gate transistor
in the preamplifier is to provide an
inexpensive cascode circuit that
offers maximum resistance tocross-
modulation from nearby stations.

In Figure 2 are illustrated three
evolutionary stages of the cascode
amplifier designed to reduce cross-
modulation distortion. Illustration
"a" shows a tube circuit that was
widely acclaimed for its superior
cross-modulation reduction. The
two single-gate MOS field-effect-
transistor equivalent of the tube cir-
cuit is shown in illustration "b".
Finally, in illustration "c", is the
dual-gate MOS field-effect-transistor
amplifier - or electrical equivalent
of the cascode circuits - which pro-
vides the basis for the 10-meter
preamplifier constructed by the
authors.

August, 1969

Circuit Operation by Ri and Ry to raise its quiescent
potential above ground.

Figure 3 shows the circuit

schematic and parts list of the Inspection of the circuit shows
28-30-MHz preamplifier. Figure 4 that the value of the source resis-
illustrates the basing diagram of the tor, Rg, is large enough so that
dual-gate MOS-FET transistor. Gate 1 will always be negative with
Gate 1 (Lead 3) is forward-biased respect to the source. You have
PLATE
(OUTPUT)
DRAIN
(OUTPUT) DRAIN
”G‘;RISUNDED_— S (RFG%IJEI;"ED) GATE 2 : .
A D)y ATE
oL dc BIAS | dc BIAS 2
PLATE (P) j?: j SBl'JJBLS"'RATE ]::
GATE |
s cate 1| siGNAL 3 %] source AnD
SIGNAL GRID SIGNAL (INPUT) SUBSTRATE

(NPUT) [ (INPUT)
CATHODE 4 SOURCE

(a) Tube Circuit (b) Single-Gate
Transistor Circuit

(c) Dual-Gate
Transistor Circuit

distortion.

Figure.2: Evolutionary stages of a cascode amplifier designed to reduce cross-modulation

TYPE

Ji
50-0HM
ANTENNA
INPUT

C, — 8 picofarads, mica or ceramic R, — 100,000 ohms, % watt, 10%,

tubular 5 carbon
Cy G5 C4 Cs, C;—0.01 micro- R, 33,000 ohms, ¥% watt, 10%,
farad, ceramic carbon

G —10 plcofarads, mica or ce- 5, 770 ohms, % wati, 10%,

R, — 27,000 ohms, % watt, 10% catbioty b

Ry— 150,000 ohms, % watt, 10%, Lu L,—1.6 to 3.1 microhenries,
adjustable

carbon
R; — 1,800 ohms, % watt, 10%, L;— 22 microhenries
carbon

Q; — 3N140 MOS field-effect
transistor

S; —Toggle switch, single-pole,
single-throw

Ji, J, — Coaxial receptacle (Amphe-
nol BNC type UG-1094 or equiv.)

Miscellaneous — Two batteries
and one case

Figure 3: Schematic diagram and parts list for 10-meter preamplifier circuit.
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Lead 1- Drain
Leod 2- Gate No.2

Lead 3- Gate No.1

Lead 4- Source
Substrate
and Case

Figure 4: Base diagram of dual-gate MOS
field-effect transistor.

probably recognized the resembl-
ance of this configuration to that of
an old tube circuit which was used
to equalize gain differences in high-
gain tubes by shifting their transfer
characteristics. Although the authors
found no great differences between
individual dual-gate transistors of
the same type, the circuit just des-
cribed should help to guarantee uni-
form results and eliminate the need
for selecting parts.

Gate 2 is at RF ground potential
through Cg, in accordance with
cascode-circuit requirements. The
DC bias level, established by R4 and
R5, is a compromise between opti-
mum gain and optimum cross-
modulation resistance.

Powering of the unit by batteries,
as shown in Figure 3, is not manda-
tory. Any reasonably well-filtered
DC voltage between 15 and 18 volts
is suitable.

C3

L;
tiooen)  Re
Figure 5: In this photo showing interior of
10-meter preamplifier, MOS field-effect trans-

istor is obscured by the ceramic-standoff
insulators mounted on the center partition.

Adapting the Preamplifier
To Other Frequencies

The 3N140 has excellent per-
formance characteristics up to 200

50

MHz. Consequently, the circuit can
be used at higher frequencies with
only a few changes (see Table I).
For example, both tanks in the pre-
amplifier circuit can be made to tune
to 21 MHz (15 meters) by changing
only C; and Cg to 22 picofarads.

It must be remembered that wir-
ing becomes critical at 50 MHz, and
even more critical at 144 MHz.
Bypass-capacitor leads and all leads
carrying RF signals should be made
as short as possible. A well-
constructed circuit will show only a
slight degradation of the 26-dB gain
and the 2-dB noise figure at 50 MHz.
At 144 MHz, the authors have achi-
eved gains in excess of 20 dB with
noise figures of 2.8 dB.

Table I — Values of Circuit Components
For 21 and 50 MHz

g Value
Componerit
21 MHz 50 MHz

(of 22 pF 8 pF

C2,C3,Ca,Cs, | No Change | 1,000 pF,

Cy ceramic

Ce 22-PF 10 pF

L1 No Change | 8 turns, No. 30
E wire on ¥%-
inch-diameter
core (Miller
4500 or equiv.)
Link: 2 turns,
No. 30 E wire
on ground end.

L2 No Change | Same as L

Ls No Change | 6.84 H (Miller
TAF686AP or
equiv.)

Figure 6: Detailed view of preamplifier’s
center partition shows method of mounting
the 3N140 MOS field-effect transistor. Note
that the transistor leads have been short-
circuited by a piece of fine, bare wire, This
wire is removed after all transistor connec-
tions have been made by merely pulling on
the looped portion.

Special Handling of MOS
Field-Effect Transistors

Special care must be exercised
when wiring an MOS transistor into
a circuit. For example, there is al-
ways a possibility that the transistor
can be damaged if static electricity
is discharged across the oxide layer.
Such risk can be virtually eliminated,
however, if all leads are shorted
until the completion of all wiring.
The 3N140 comes supplied with a
protective ring which shorts the
leads. This ring should be removed
before wiring is commenced, and a
fine, bare wire wrapped around the
leads near the case. The shorting
wire should not be removed until all
soldering is completed.

Some builders may prefer to use
a socket instead of soldering the
transistor directly into the circuit.
This practice is acceptable when
used in conjunction with the rules
listed below. (All transistor failures
experienced by the authors have been
traceable to violations of these rules.
Please observe them carefully.):

e Keep transistor leads shorted
until the transistor is completely
connected to the circuit.

e Never insert or remove the
transistor when power is on.
(This rule applied to all transis-
tors.)

e When cutting leads, grasp the
leads and case simultaneously.
This action will reduce the poss-
ibility of mechanical and elec-
trical shock.

Adjustments

Preamplifier tuning is simplified
because no special neutralization is
needed - even at 144 MHz. Rough
adjustments of the coils may be
made by use of a grid-dip oscilla-
tor. The finishing touches are made
while listening to a weak station.

It was rewarding for the authors
to discover that a neighboring
amateur's 1-kilowatt transmitter -
only 200 feet distant - did not over-
load the preamplifier. At the same
time, this word of caution is extended
to the preamplifier builder with re-
gard to his own high-power trans-
mitter: Be certain that the coaxial
relay has sufficient isolation to pre-
vent transistor overload.

By following all the precautions
mentioned, the builder should
succeed in achieving a preamplifier
of superior operational stature. Al-
though small in size, the 3N140 dual-
gate MOS field-effect transistor is a
giant in performance.

® WITH ACKNOWLEDGEMENT TO RCA.
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Application

of

Silicon Rectifiers

to

Capacitive LLoads

When rectifiers are usedincapaci-
tive - load circuits, the rectifier
current waveforms may deviate con-
siderably from their true sinusoidal
shape. This deviation is most evi-
dent for the peak-to-average current
ratio, which is somewhat higher than

Table 1
— Definition of Symbols

E = sinsusoidal input voltage
(E Eg sin wt)

peak input voltage

Ey

Eavg""' average output voltage

£ = input frequency (Hz)

w = angular frequency of input
( w=2xf radians per second)

= time counted from beginning
of cycle

Rg = limiting resistance

Ry, = load resistance

C = load capacitance

I, = absolute peak currentthrough
rectifier

Ipk = actual peak current through
rectifier

K = root-mean-squafe current

through rectifier

Iavg = average current through rec-
tifier

n = charge factor; 1 for half-
wave circuit, for doubler
circuit, 2 for full-wave circuit

August, 1969

that for a resistive load. Because
of the variation in current wave-
shapes, calculations of ratings for
capactive-load circuits are generally
more complicated and time-con-
suming than those for resistive-load
rectifier circuits.

This Note describes a simplified
rating system which allows designers
to calculate the characteristics of
capacitive-load rectifier circuits
quickly and accurately. The effect
of the addition of a series limiting

4 ——

£°
m
o
O
AAVAY:
e
~

E
2 sin

Fig. 1 — Circuit showing use of capacitor to
shunt the load, and resulting waveforms.

by B.J. Roman

and J.M.S. Neilson

resistance to such circuits and the
importance of the ratio of the limiting
resistance to capacitive reactance
are described, and curves of rectifier
current ratios are presented as func-
tions of the effective ratio. Typical
design examples are given, and
output-ripple considerations are dis-
cussed. Table 1 defines the symbols
used in the equations and calculations.

Design of Capacitor
— Input circuits

In the disign of a rectifier circuit,
the output voltage and current, thein-
put voltage, and the ripple and regu-
lation requirements are usually spec-
ified. The transformer and the type
of rectifier to be used are selected
by the designer, and the load resis-
tance is determined on the basis
of the output voltage and current
requirements. The ripple require-
ments are satisfied by use of a
capacitor to shunt the load Ry , as
shown in Fig 1. The waveforms for
this circuit indicate that the voltage
across the capacitor E ¢ coincides
with the supply voltage E when the
rectifier is conducting in the forward
direction. A high initial diode surge
current Ig occurs because the
capacitor acts as a short circuit
when power is first applied. The
diode turns off at the peak of the
curve (point O), and remains off until
E o is again equal to E (point A).
The turn on point ton is determin-
ed by the time constant R;,C, and
affects the average, peak, and rms
currents through the device.
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Fig. 2 - Circuit showing addition of limiting
resistance and resulting waveforms.

As stated above, the low forward
voltage drop of silicon rectifiers
may result in a very high surge
of current when the capacitive load
is first energized. Although the gener-
ator or source impedance may be
high enough to protect the rectifier,
in some cases additional resistance
must be added to the generator-
rectifier-capacitor loop, as shown in
Fig. 2, to keep the surge withindevice
ratings. The waveforms in Fig. 2
show that the capacitor voltage Eg
is no longer coincident with the steady
state supply voltage E during any
part of the cycle. The sum of the
additional limiting resistance plus the
source resistance is referred to as the
total limiting resistance Rg. The
ratio of Rg to capacitive reactance

1800 — T

[
T

No~_)\__| SURGE RATING FOR
CRIOI TO CRI!

S\)‘RGE RATING FOR’T \\ ‘
™~

Lo

CR20! TO CR2I2
\ \ TN NS

N 27

HIE N,

)

RMS SURGE CURRENT—AMPERES

!
S B R
;

1074 1073 1072
SURGE DURATION (1)—SECONDS

Fig. 3 — Surge-rating chart used for
calculation of limiting resistance.

52

1/wC is an important consideration
in capacitor-input rectifier circuits;
ideally, Rq should be much smaller
than 1/wC. The magnitude of Rg
required in a particular circuit is
calculated as described below.

Calculation of
Limiting Resistance

The value of resistance required
to protect the rectifier is calculated
from the surge rating chart for the
particular device used. Fig. 3 shows
surge rating charts for the RCA
CR100 and CR200 series of diffused
junction stack rectifiers. Each point
on the curves defines a surge rating
by indicating the maximum time for
which the device can safely carry
a specific value of rms current.

With a capacitive load, maximum
surge current occurs if the circuit
is switched on when the input voltage
is near its peak value. When the time
constant RgC of the surge loop is
much smaller than the period of the
input voltage, the peak current is
equal to the peak input voltage E,
divided® by the limiting resistance
Rg, and the resulting surge Ig app-
roximates an exponentially decaying
current with the time constant RSC,
as follows:

Ig = (Eo/Rg) exp (-1/RgC) (1)

Surge - current ratings for recti-
fiers are often given in terms of
the rms value of the surge current
and the time duration t of the surge,
as shown in Fig. 3. For rating pur-
poses, the surge duration t is def-
ined as the time constant RgC. The
rms surge current is then approxi-
mated by the following equations:

Lrms=0-7 (E,C/RgC)=0.7 (B C/t) (2)

and
Limgt= 0.7 E,C 3)

The values for E, and C speci-
fied by the circuit design are used
in Eq. (3) to obtain an equation
which relates the rms surge current
Irms to surge duration t. This equ-
ation may then be plotted onthe surge
rating chart. Because RgC is equal
to t. any given value of Rg defines
a specific time t, and hence a specific
point on the plot of Eq. (3). However,
Rg must be large enough to make
this point fall below the rating curve.

The following examples illustrate
the procedure described for calcul-
ating the limiting resistance required
in a particular circuit.

R
€ cLasu,rS o2
MEGOHM

Fig. 4 — Half-wave rectifier circuit (E = 3500
V rms, E°= 3820 V, f = 60Hz).

EXAMPLE NO.1: Fig. 4 shows ahalf-
wave rectifier circuit that has a
60-Hz frequency and a peak input
voltage Eq of 4950 volts. The values
of E, and C are substituted in Eq.
(3) to obtain the value of Iyet,
as follows:

Irmd 0.7 (4950) (2.5 x 10°° )
Iomd 0-0086

This value is then plotted on the
surge-rating chart of Fig. 3 and is
found to intersect tl_)i CR210 rating
curve at 2.7 x 10 second. The
minimum limiting resistance which
affords adequate surge protection is
then calculated as follows:

RgC>2.7x 1074
R. >2.1X 10:4=108 h
s 22.5x10°6 it
Because the value given for Rg
is 150 ohms, the circuit has adequate
surge-current protection for the rec-
tifiers.

EXAMPLE NO 2: The doubler circuit
shown in Fig. 5 has a peak input
voltage of 3800 volts and a load cap-
acitance of 10 microfarads. These
values are substituted into Eq. (3),
as follows:

Irmd (0.7 (3800) (1075)
It =0.0266

This value is then plotted on Fig. 3
and intersects the CR108 rating curve
at 5.4 x 107" second. Therefore,
the equation for the time constant
is given by

RgC> 5.4x10°

A4x10-4
Rs22955 —

4

54 ohms

CRIO8

100
OHMS

100
OHMS

CRI08

Fig. 5 - Voltage-doubler rectifier circuit
(E;=2700 V rms, E = 3820 V, f=60 Hz).
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Fig. 6 — Relation of peak, average, and rms
rectifier currents in capacitor-input circuits.

Calculation of
Rectifier Current

The design of rectifier circuits
using capacitive loads often requires
the determination of rectifier cur-
rent waveforms in term of average,
rms, and peak currents. These wave-
forms are needed for calculations of
circuit parameters, selection of com-
ponents, and matching of circuit para-
meters with rectifier ratings. Actual
calculation of rectifier current is a
rather lengthy process. A muchmore
direct process is to use the current
relationship charts shown in Figs.
6 and 7. These curves can be readily
used to find peak or rms current
if the average current is known, or
vice versa.

The ratios of peak-to-average
current and rms-to-average current
are shown in Fig. 6 as functions of
the circuit constants nwCR and Rg/
nR;. The quantity @CRy, 1§ the ratio
of resistive-to-capacitive reactance
in the load, and the quantity Rg/
Ry, is the ratio of limiting resis-
tance to load resistance. The factor
is referred to as the "charge factor"
and is simply a multiplier which
allows the chart to be used for var-

103
- =2 Io
= Iav,
I IPEAK /
10°3 Iov
-
A
2 / Ipeax
= Irms /
10 S |
oF /
i L
Ly o
% Tav
2 |
e
i TSR B - e S A T S I 1] S S D
'_IZ ‘GGI CGSI 2 468 2 2 4 68’3 2 4 68

EFFECTIVE RATIO OF RESISTIVE TO CAPACITIVE IMPEDANCE (nw CR)

Fig. 7 — Forward-current ratios for rectifiers
in capacitor-input circuits in which the limi-
ting resistance is much less than 1/wC.
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Fig. 8 — Relation of applied alternating peak
voltage to direct output voltage in half-wave
capacitor-input circuits.

ious circuit configurations. It is
equal to unity for half-wave circuits,
1/2 for doubler circuits, and 2 for
full-wave circuits. (These values
actually represent the relative quan-
tity of charge delivered to the capaci-
tor on each cycle).

In many silicon rectifier circuits,
RS may be completely neglected when
compared with the magnitude of Ry..
In such circuits, the calculation of
rectifier current is even more sim-
plified by the use of Fig. 7, which
gives current ratios under the limi-
tation that Rg /Ry, approaches zero.
Even if this condition is not fully
satisfied, the use of Fig. 7 merely
indicates a higher peak and higher
rms current than will actually flowin
the circuit; as a result, the rectifiers
will operate more conservatively than
calculated. This simplified solution
can be used whenever a rough app-
roximation or a quick checkisneeded
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Fig. 9 — Relation of applied alternating peak
voltage to direct output voltage in capacitor-
input voltage doubler circuits.

on whether a rectifier will fit the
application. When more exact infor-
mation is needed, Fig. 6 should be
used.

Average output voltage E,yo is an-
other important quantity because it
can be used to find average output
current. The relations between input
and output voltages for half-wave,
voltage-doubler, and full-wavecir-
cuits are given in Figs. 8,9, and 10,
respectively. Output ripple is shown
in Fig. 11 for all three circuits.
Although these curves were originally
calculated for vacuum-tube “recti-
fiers, they are equally applicable to
silicon rectifier circuits.
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Fig. 10 — Relation of applied alternating peak
voltage to direct output voltage in full-wave
capacitor-input circuits.
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Fig. 11 — RMS ripple voltage of capacitor-
input circuits.

The following examples illustrate
the use of Figs. 8 through 11 in
rectifier-current calculations. Both
exact and approximate solutions are
given for each example.

Example No. 3: For the half-wave
circuit of Fig. 4, the resistive-to-
capacitive reactance is found to be:

wCR} =(2) (60) (2.5x10~6) (200,000)
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©CRp, =189

Exact solution using Fig. 6: The
ratio of Rg to Ry must first be
calculated as follows:

Rs 150 x 100%

% p—
Ry, 200,000

The values given above are then
plotted in Fig. 8 todetermine average
output voltage and average output
current, as follows:

Eavg/Eo = 98%
E,.. = (0.98) (4950) = 4850 volts

= 0.075%

avg
I,vg = Eavg/By,

Iavg=4850/200,000=24.2
milliamperes

This value of Lo is then substi-
tuted in the ratio of Irms/lavg obtai-
ned from Fig. 6, and the exact

value of rms current in the rectifier
is determined, as follows:

Lms/lavg = 4.4

Irms= (4-4)y (24.2) =107 millia.mperes
Simplified solution using Fig. 7:
Average output current is approxi-
mately equal to peak input voltage
divided by load resistance, as given
by

Layg=E /Ry, .

=4950/200,000 = 24.7

I
o milliamperes

This value of I,yg is then substitu-
ted in the ratio’ of Inmg/lavg Ob-
tained from Fig. 7 and the approx-
imate rms current is determined,
as follows:

Irms/Iavg=5-7
Loms™ (5-7) (24.7) =141
milliamperes

Example No 4. For the doubler circuit
of Fig. 5, the resistive-to-capacitive
reactance is determined as follows:

wCRy, =(27) (60) (105) (50,000)
wCRy, =189
anRL = 94

Exact solution: The ratio of Rg to
Ry, is determined as follows:

Rg _ 100 x 100%

, o 50,000 ~ 0-2%

This percentage is then used in con-

junction with Fig. 9, and E and
: avg
Iavg are determined as follows:

E avg/E 5186%

E,yg™(1-86) (3820) = 7100 volts

Iavg =Eavg/RL
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=17100/50,000=142

Ian Seas
milliamperes

The values given above are then
plotted in Fig. 6, and the rmscurrent
is calculated as follows:

Irms/Iavg m3 .7

I =(3.7) (142)=525

rms e
milliamperes

Simplified solution: The average out-
put current is given by

Iavg =2E /Ry,
=(2 x 3820)/50,000 = 153
milliamperes

This value is then plotted in Fig.

7, and the rms current is determined

as follows:

Irms/Iang 4.8

Irms =(4.8) (153)‘7?4_
milliamperes

Iavg

As previously noted, the simplified
solution in both examples predicted
a higher rms current than the actual
value: about 32 per cent higher in
Example No. 3 and 40 per cent
higher in Example No. 4. The amount
of error involved depends on both
«CRy, and Rg/Ry,.

Rating Curves for RMS

Current Versus Temperature

In most technical data for rec-
tifiers, the current-verses-temper-
ature ratings are given in terms of
average current for a resistive load
with 60-Hz sinusoidal input voltage.
However, when the ratio of peak-to-
average current becomes higher (as
with capacitive loads), junction heat-
ing effects become more and more de-
pendent on rms current rather than
average current. Therefore, the cap-

acitive-load ratings should be ob-
tained from a curve of rms current
as a function of temperature. The
average current-rating curves for
a sinusoidal source and resistive load
may be converted to rms-rating
curves simply by multiplying the
current axis by 1.57 because this
value is the ratio of rms-to-average
current for such service (as shown
by I /1 at low wCR; in Figs.
6 anxamg).a\;\% example of this con-
version is shown in Fig. 12 for the
CR100- and CR200- series rating
curves.

The following examples illustrate
the use of the rms current ratings.

Example No. 5: For the half-wave
circuit of Fig. 4, it was found in
Example No. 3 that the actual rms
current in the rectifier is 107 milli-
amperes. The rms rating curve in
Fig. 12 shows that the CR210 may
carry up to 107milliamperes at am-
bient temperatures up to 115 C.

Example No. 6: For the doubler
circuit of Fig. 5, the actual rms
current was determined to be 525
milliamperes. The rms rating curve
for the CR108 in Fig. 12 shows that
the circuit may be operated up to
880C ambient temperature.

Example No. 7: If the higher values
of rms current given by the simplified
solution are used instead ofthe actual
currents, the rms rating curves of
Fig. 12 also give more conservative
ratings because they predict a lower
value for the maximum permissible
ambient temperature. For example,
for the half-wave circuit the exact
rms current was found to be 107
milliamperes, and the approximate
value was 141 milliamperes. These
current values correspond to a max-
imum ambient temperature rating of
1159C by the exact solution and 110°C
by the approximate solution.
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100W DEVELOPMENTAL
HYBRID POWER MODULE

R.C.A. have recently released a
developmental complete solid-state
hybrid amplifier in a compact moul-
ded-epoxy plastic pack. The device
has been designated a TA7625 and is
intended for audio, servo (A.C.orD.C.
or pulse width modulated) amplifier.

The TA7625 employs a quasi-comp-
lementary-symmetry, class-B output
circuit with built-in load-faultpro-
tection and hometaxial output tran-
sistors. This circuit may be operated
from a single or split power supply
(30 to 75 volts, total).

TA7625 100W HYBRID POWER MODULE

Type TA7625 is intended for audio-,
servo- (A.C., D.C., or pulse -
width modulated) amplifier anddri-
ven-inverter applications.
PARTICULAR FEATURES OF THE TA1625

INCLUDE:

High Power Output: Up to 100
W (RMS).
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High Output Current - 7TA (peak).

Built-in-Load-Line Limitingcir-
cuit. Protects Amplifier from
Accidental Short-circuited Output
Terminals. Amplifier is Stable
with Resistive or Reactive Loads.

Single or Split Power Supply (30
to 75V, Total).

Provision for External Gain Con-
trol.

Direct Coupling to Load.

Class-B Output Stage. Less than
1-W Quiescent Dissipation.

Rugged Package with Heavy Leads.

CX1174, CX1175

The first two of a new EEV 6
A range of compact deuterium -
filled thyratrons, the CX1174 and
CX1175, are designed for use in
modulators for pulse klystrons in
linear accelerators, these tubes are
also suitable for use in high-power
radar equipment. Both tubes have
ceramic envelopes and will operate
at high pulse repetition rates.

The CX1174 is a single gap tube
capable of handling peak pulse cur-
rents up to 6000A at a peak forward
anode voltage of up to 40kV. Suitable
for average switching applications
between 70MW and 100MW, it has
a peak rating giving a maximum
modulator output power of 120MW.

Peak pulse currents up to 6000A
at a peak forward anode voltage
of 80kV can be handled by the type
CX1175 double gap thyratron, which
is suitable for averge switching
applications between 100MW and 150
MW. Peak output power rating will
give a maximum modulator output
of 200MW.

EEV CERAMIC POWER TRIODE
BR1182

Afurther r.f. power valve (BR1182)
has been added to the new series
of industrial ceramic triodes being
developed by English Electric Valve
Co. Ltd., for both induction and die-
lectric radio frequency heating.

Of coaxial filament/grid terminal
construction, this tube is forced-air
cooled and has a ceramic/metal en-
velope. It can operate at full ratings
up to 50MHz, and under class C
unmodulated conditions will give an
output at the valve anode of 50kW.
The valve has a maximum continuous
anode dissipation rating of 15kW.

Overall dimensions of the BR1182
are 14.6in (371mm) length and 10in
(254mm) diameter. The net weight is
approximately 35 1b (16kg).

EEV TUNABLE X-BAND
FILTER B3888

English Electric Valve Co. Ltd.
has added a tunable X-band filter
to its range of devices for radar
duplexer systems.

Though the function of this type
BS888 filter is similar to that of
a varactor limiter stage, it is con-
siderably cheaper and as a mech-
anically passive device has a vir-
tually infinite life. The element forms
a separate part of the radar equip-
ment, making it independent of TR
cell replacement.

When used in conjunction with the
improved EEV BS810 high Q marine
radar TR cell, a spike leakage of
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only 0.02erg/pulse is typical, mes-
sured at 25kW, 0.lus. Another adv-
antage associated with the BS810
is the reduction of incident power,
to a typical value of 150mW, required
to initiate breakdown when the radar
equipment is switched off and the TR
cell is unprimed, so considerably
improving the passive protection
given to crystals. Frequency range
of the BS888 is 9255MHz to 9565MHz.
Overall length of the BS888 (including
integral spacer) and BS810 mounted
together is 2.11in (53.6mm).

40598A—GALLIUM-ARSENIDE
INFRARED EMITTING DIODE

d /i 5X
= Actual
Size

The R.C.A. 40598A is a high-
efficiency gallium-arsenide emitting
diode which radiates, when forward
biased, in the near infrared region
of the spectrum. The emitted rad-
iation is collimated by means of a
polished parabolic reflector which
is an integral part of the diode
package. The device is designed for
operation in either continuous or
pulse service at temperatures ranging
from -73°C to +75 °C.
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The high radiant emission makes
this device suitable for use in a wide
range of optical applications.

FEATURES OF THE 40598A INCLUDE:

® 1mWmin. radiant power output at
50mA operating current.

® 9,300°A (930nm) output (emission
peak) at T = 27°C.

@ Usable with all types of silicon
photodetectors.

® Focused output (15° half-angle
cone) using a unique parabolic
reflector.

® Compact design for closely-spaced:
printed-circuit-board mounting.

@ Solid-state reliability.

NEW RCA INTEGRATED
CIRCUITS

The range of 45 medium-power
DTL I.C.s available from R.C.A. have
been increased by 12 with the add-
ition of four new dual J-K Flip-
Flops in three different package
styles.

The CD2315, CD2316, CD2317, and
CD 2318 are dual clocked J-K
"master-slave" flip-flops, each on
a single monolithic silicon chip. The
CD2315 and CD2317 each consists
of two CD2304-type Flip-Flops inter-
nally cross-coupled to perform the
J-K function; the CD2316 and CD2318
types each consists of two CD2305~
type Flip-flops also connected to
perform the J-K function.

The CD2315 and CD2316 feature
separate clock inputs to each flip-
flop, making them suitable for ripple
counter applications. The CD2315 and
CD2316 have separate J and K inputs,
separate Direct Set inputs, and no
Direct Clear input.

The CD2317 and CD2318 feature a
common clock input to each flip-flop,
making them suitable for clocked
counters and shift register appli-
cations. The CD2317 and CD 2318
also feature separate J and K inputs
separate Direct Set inputs, and a
common Direct Clear input.

The CD2315, CD2316 CD2317 and
CD2318 are packaged in the R.C.A.
Flat-Pack ceramic (-55°C to +125°C)
package a suffix D is given to the
Dual-in-line ceramic pack (-55°C
to +125°C) and suffix E to the Dual-
in-line plastic pack (0°C to 75°C).

6310164
PHOTOMULTIPLIER TUBE
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The recently released RCA De-
velopmental Type C31016A is a very
short, ruggedized, 10-stage head-on
type of photomultiplier tube having
a bialkali photocathode of high qu-
antum efficiency and high-stability
copper-beryllium dynodes. The max-
imum length of this tube is only
1.85", its maximum diameter is only
1.05".

The only ferro-magnetic materials
used in the construction of the tube
are 14 pieces of 0.016" diameter
by 0.25" long dumet in the stem.

These features make the C31016A
highly suitable for space probes
using magnetic sensors and other
applications requiring an extremely
small ruggedized tube having a min-
imum of ferro-magnetic materials.

The tube is supplied with a small-
shell duodecal base attached tosemi-
flexible leads to facilitate testing
prior to installation. After testing,
the attached base should be removed.

FEATURES OF THE C31016A INCLUDE:

® Ruggedized Shock and Vibration
Structure Designed to Meet MIL-
STD-810B* Specification.

® Very Small Tube Size: Length,
1.85" Maximum Diameter, 1.05"
Maximum.

® Tube Structure Having a Minimum
of Ferro-Magnetic Materials.

® Bialkali Photocathode of High Qu-
antum Efficiency: Typically 22%
at 40000A.

® Low Dark Current: 5 x 10
at 7 A/Im and 22°C.

® High - Stability Copper-Beryllium
Dynodes.
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A Single-Gate
MOS-FET Preamplifier
for the 2-Meter Band

The major disadvantage of bipolar
transistorized RF amplifiers is their
poor crossmodulation characteris-
tics; an otherwise excellent, high-
gain, low-noise amplifier can be use-
less in a recption area with strong
local signals. Today, this handicap
can be easily overcome by utilizing
the superior performance qualities
of the metaloxide - semiconductor
(MOS) field-effect transistor. For
example, two single-gate types -
the 3N128 and 40467A -demonstrate
(at maximum gain) crossmodulation
characteristics equal to or better
than those of the best vacuum tubes.
Because these types have noise
figures in the order of 3.5 dB at
200 MHz, they are ideal for 2-meter
operation. Their small size, instant
startup, excellent reliability, and
minimum power requirements (12.6

Figure 1: Exterior view of the preamplifier
shows how brass-plate chassis is mounted on
top of the minibox. Call-outs indicate loca-
tions of the two tuning capacitors, the MOS
field-effect transistor, and the coaxial jack.
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by R.M. Mendelson

C, Cs — 0.55 picifarads,
tubular trimmer

Cz — 500 picofarads, silver
button

C,; — 25 picofarads, silver
button

Cs — 1000 picofarads, ceramic
disc

Ce — 3.3 picofarads, ceramic
tubular

Jy, J; — BNC-type coaxial jack

L, — 5 turns, No. 16 bare wire
!4-inch diameter, close-
spaced; tap 1 turn up from
bottom; do not short turns

Lo — 3 turns, No. 16 bare wire,
4-inch diameter, spaced to
Y-inch total length

L 3— RF choke, 1 microhenry

Ce V2
- ==y |
1(_3
C3
= ! L2 = 8
- Xa
Ky Ji
Il K' 3 2| ¢, Cq
il C -
74 AP - L3
— =t i
3 o e
== +12.6V

Q, —MOS field-effect transistor,
40467A or 3N128

R, —270 ohms, 1 watt

Miscellaneous — One power
socket; one transistor
socket with four contacts;
one brass plate 2.5/8 by 2
inches; one minibox 234 by
2.1/8 by 1.5/8 inches

Figure 2: Schematic diagram and parts list for 2-meter preamplifier circuit.

volts at 5 milliamperes) are additional
features which help meet the require-
ments of a high quality preamplifier.

The circuit described in this article
is a single-stage preamplifier that
may be used ahead of an existing
2-meter converter or as the input
stage of a new solid-state converter.
As illustrated in the Figure - 2
schematic diagram, the circuit is

straightforward and unburdensome,
and use of the fullscale template
(Figure 3) should expedite its com-
pletion in a few hours.

Construction

By following the illustrated layout,
builders should be able to avoid
any difficulty and at the same time
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Figure 3: Full-scale drilling template for brass-plate chassis and two sides of minibox.

find it relatively simple to align
the preamplifier. Use of a copper
or brass plate for the chassis will
provide a good, solderable RF ground.
This brass plate chassis serves as
the cover of a minibox from which
a top section has been cut out. If
coils are wound as specified and then
mounted close to the tuning capaci-
tors, no problem should be en-
countered in tuning the preamplifier
to cover the full 4-megahertz range of
the 2-meter band.

One special precaution must be
observed when handling any MOS
field-effect transistor; the leads must
be shorted together until the device
is plugged into its socket or soldered
into place. Neglect of this procedure
may result in permanent damage to
the transistor from electrosatic dis-
charge. After the device is in the
socket, the possibility of damage by
electrostatic discharge is very
remote because of relatively low
impenance paths between thetran-
sistor elements. MOS-FET's are
factory-packaged with thin, bare pro-
tective wiring which shorts the leads.
Similar-type wiring should be
wrapped around the leads prior to
wiring and should not be removed
until soldering is completed. If it
becomes necessary to remove a
device from a socket, the shorting
wire should be replaced prior to
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removal. No power should be applied
to the circuit while the transistor
is being inserted into or removed
from
should be performed at the socket
while the device is plugged in.

its socket, and no soldering

Preamplifier Alignment

Alignment of the MOS-FET pre-
amplifier canbe accomplished without

test equipment and consists solely

of two screwdriver adjustments.
First, the preamplifier is connected
to the antenna and 2 meter converter,
and power is applied. The 12.6-volt
power supply can vary one volteither
way without ill effects. This power
may bo obtained from the same source

that feeds the solid-state converter;

from the cathode of the audio-output
stage of the communications receiver;
from a suitable voltage divider toany
positive power point in the receiver;
or even from a battery.

Next, a signal near 145 MHz
is tuned in and the antenna-tuned
circuit is peaked for maximum signal.
If no maximum can be found, the coil
turns should be either squeezed closer
or spread slightly apart until peaking
occurs. The maximum will not bee too
sharp since the circuit will pass the

full 4-MHz range of the 2-meter
band. A signal near 147 MHz is then
tuned in, and the tuning steps repeated
at the output circuit. After the
preamplifier is checked for evengain
across the band, the job is done.

If strong local signals have been
blocking your solid-state converter,
your troubles are ended. Younow have
a MOS-FET preamplifier that gives
you an improved noise figure,
generally better reception, and main-
tenance-free performance.

Figure 4: |Interior view of assembled pre-
amplifier showing location of all components.
Note that short, straight leads are used to
obtain good VHF operation.
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