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[57] ABSTRACT

A solid state assembly and base which can be plugged

. as a replacement dii'ectiy into a vacuum tube socket in

a vacuum tube circuit and provide the same character-
istics as the vacuum tube which it replaces.

5 Claims, 9 Drawing: Figures .
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1
SOLID STATE VACUUM TUBE REPLACEMENT

BACKGROUND OF THE INVENTION

The invention relates generally to a solid state or
semiconductor device assembly and more particularly
to a solid state assembly which can be used as a re-
placement for vacuum tubes in vacuum tube circuits.

The conversion of equipment from vacuum tube to
solid state circuitry is normally one of replacing the en-
tire circuit with a semiconductor solid state device and
circuit. ,

The pentode and triode vacuum tube has been widely
used in electronic industries and there are hundreds of
millions of these in use today operating in equipment
that functions according to the design intent. There
are, however, major disadvantages to vacuum tubes
compared to transistor or solid state devices such as
power requirements for the emission source, its rela-
tively short life, and the adverse effects of heat gener-
ated in the vacuum tube upon other circuit-compo-
nents. Equipment using transistors has eliminated some
of these problems. However, in order to introduce solid
state devices, there is.a large capital expenditure for the
replacement of existing circuits in equipment.

In order to satisfactorily replace tubes in vacuum

" tube circuits, the semiconductor replacement must
meet all of the essential d.c. and a.c. parameters-of the
tube in the circuits with which it is used. It must have
the same overall characteristics such as :phase shift,
gain characteristics, frequency response and others
whereby to effectively work as a replacement.

OBJECTS AND SUMMARY OF THE INVENTION

It is a general object of the present invention to pro-
vide a solid state vacuum tube replacement which has
a high transconductance, g, high voltage breakdown
characteristics, low feedback capacitance, high output

impedance, no warm-up, no microphonics, transistor .

type reliability, low noise, low distortion and stability.

The foregoing objects are achieved by a solid state
device which comprises a base having a plurality of pins
adapted to fit into the vacuum tube socket as a replace-
ment for the vacuum tube and means for mounting on
said socket a solid state circuit including a first high
gain, low voltage field effect transistor having source,
drain and gate electrodes, a second high voltage, mod-
erate gain field effect transistor having source, drain
and gate electrodes with said transistors connected
with the source of said first transistor to the cathode pin
of said base and to the gate of said second transistor,
the gate terminal of said first transistor being con-
nected to the grid terminal of said tube base, the drain
of said first transistor to the source of the second tran-
sistor and the drain of the second transistor connected
to the plate pin of the tube.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a solid state transistor
replacement partially broken away to show the semi-
conductor devices.
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" FIG. 2 is a plan view of the semiconductor device as- )

sembly shown in FIG. 1. .

FIG. 3 is a side elevational view in section of the fuse
employed in the semiconductor device circuit.

FIG. 4 is a plan view of the fuse shown in FIG. 3.
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FIG. 5:is a schematic circuit: diagram showing the
connection of the semiconductor- devices to the base
pins. '

FIGS. 6 and 7 show the average plate characteristics
of a replacement constructed in accordance with the
invention. :

FIG. 8 shows the plate curfent and transconductance
as a function of control grid voltage of a‘replacement
constructed in accordance with the invention.

FIG. 9 shows the plate current and transconductance
as a function of the cathode bias resistance of a re-
placement constructed 'in accordance with the inven-

‘tion,

DESCRIPTION OF THE PREFERRED
EMBODIMENT

‘Referring to FIG. 1, the vacuum tube replacement
includes a base 11 with a plurality of pins 12 spaced

.and arranged in a conventional vacuum tube spacing

whereby they can be received by a conventional vac-
uum ‘tube socket. The :pins extend ‘through a lead-
through formed in the base. The lead-through com-

prises a ceramic or glass window 13 which provides a

hermetic seal between the base 11 and each of the pins
12. -

A ceramic wafer 14 is mounted on the base 11 and
serves to support the conductive thin film circuit and
the semhiconductor devices forming the solid state vac-

‘uum tube replacement.

Referring now to FIGS. 1,2 and 5, the solid state cir-
cuit comprises a first high gain, low voltage field effect
transistor 16 mounted ‘on a conductive pad 17 which
connects to the gate terminal 18. The pad includes a
strip 19 connecting to the grid pin, pin 1 in the exam-
ple, of the vacuum tube base. The source electrode 21
is connected to strip 22 which is connected to the cath-

'ode pin, pin 2 in the example, of the vacuum tube base.

The strip 22 includes a pad 23 on which is mounted a

second high voltage, moderate gain transistor 24. The -

source 21 of transistor 16 is connected to the gate 26
of the transistor 24 by the strip- 22 and pad 23. The
drain electrode 27 of transistor -16 is connected to the
source electrode 28 of the transistor 24 by conductive
strip 29. The drain electrode 31 of transistor 24 is con-
nected via a fuse 32 to conductive member 33 and to

“the plate pin, pin § in the example, of the vacuum tube

socket. The fuse is provided to protect the semiconduc-
tor devices. In certain applications it may be elimi-
nated. If desired, the pins 2 and 7 may be connected to-
gether and grounded to the tube base 11. Pins 3 and 4
may be left unconnected or they may be provided with
a resistive connection such as shown at 36-to simulate
the vacuum tube heater when connected in a vacuum
tube circuit including series heaters.

The fuse may comprise a tantalum fuse constructed
as shown in FIGS. 3 and 4. The fuse comprises a sub-
strate 41 provided with a silicon dioxide layer 42. A
shaped tantalum layer 43 is evaporated on the silicon
dioxide and spaced aluminum terminals 44 and 45 are
applied to the tantalum. The strip 46 extending be-
tween the aluminum contacts 44 and 45 can be se-
lected with a width and thickness to provide the desired
fusing current. '

In the circuit shown, the device gain and input capac-
itance are controlled primarily by the device 16 while
the breakdown voltage of the circuit is determined by
the second device 24. When the vacuum tube replace-
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ment is intended to replace a 6AKS pentode, the de-
vices 16 and 24 are selected as follows: Device 16 is se-
lected to have a saturation current at 15 volts of be-
tween 15 and 24 milliamps; maximum pinchoff voltage
of less than 7 volts with a source to drain current of 10
microamps at 10 volts applied between the drain and
source; and breakdown voltages greater than 25 volts
with the gate source and gate drain shorted to one an-
other. Device 24 is selected to have a saturation cur-
rent at 20 volts between 20 and 50 milliamps; a pinch-
off voltage less than 20 volts with source to drain cur-
rent of 100 microamps and. 5 volts applied between the
drain and source; breakdown voltage, drain to gate at
10 microamps of greater than 275 volts with the source
open; and a breakdown voltage, source to gate with
drain open at 10 milliamps greater than 50 volts. With
the foregoing characteristics, a device constructed ex-
hibited characteristics as shown in FIGS. 6,7, 8 and 9.
The general characteristics were as follows:

Heater Voltage

Heater Current

Grid No.1 to Plate Cap
Grid No.1 to Cathode Cap
Grid No.2 & Grid No.3 Cap

not connected
not connected
0.02 ppuf
8.0 pup f
not connected

Maximum ratings when employed in a Class A Ampli-
fier:

Plate Voltage

Grid — No.2 (screen-grid) voltage

Grid — No.1 (control-grid) voltage,
Positive-bias value

Plate Dissipation

Screen Grid Dissipation

Cathode Current

180 volts
not connected

0 volts -
1.7 watts
not connected
not connected

Typical operating conditions and characteristics
were as follows:

Symbol  Min ng. Max Units
Plate Supzply Voltage E, 1 volts
Grid No.2 Supply Ecy N/C
Voltage B :

Cathode Pins Resistor Ry 200 ohms
Plate Resistance ¥y 05 5 megohms
Transconductance &m 3500 4500 6500 u mhos
Grid No.1 Voitage for ct -5 -85 volts

plate current of

10uA
Plate Current I 4 7 10 mA
Grid No.2 Current Ics N/C
Amplification Factor 22500
Useful Frequency Limit Ir 600 megahertz
Grid Current 1o 0.1 100 nanoamps

From the foregoing, it will be seen that by selecting
the devices 16 and 24 as indicated, a vacuum tube re-
placement for a 6AK5 pentode and similar family re-
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source; breakdown voltage, drain to gate, at. 10 micro-
amps of greater than 200 volts with the source open;
and breakdown voltage, source to gate with drain open
at 10 microamps of greater than 50 volts.

It will also be observed from the characteristics
shown that the semiconductor assembly including three
output terminals can be substituted for certain triode
tubes having operating current characteristics similar
to those of pentodes.

In conclusion then, there is provided a vacuum tube
replacement including a plurality of solid state devices.
The replacement has the advantage that it may be in-
serted directly in a conventional vacuum tube circuit
with the circuit operating in its conventional manner
without the requirement of replacing the circuitry asso-
ciated with the socket.

We claim:

1. A vacuum tube replacement comprising a base
having a plurality of pins adapted to fit in a vacuum
tube socket as a replacement for a vacuum tube, a first
high gain, low voltage field effect transistor having
source, drain and gate electrodes, a second high volt-
age, moderate gain field effect transistor having source,
drain and gate electrodes, said transistors connected
with the source of the first to the cathode pin of said
base and to the gate terminal of said second transistor,
the gate terminal of said first transistor connected to
the grid pin of said base, the drain terminal of said first
transistor connected to the source terminal of the sec-
ond and the drain terminal of the second connected to
the plate pin of said base.

2. A vacuum tube replacement as in claim 1 wherein
said first transistor has a saturation current at 15 volts
of between 15 and 24 milliamps; maximum pinchoff
voltage of less than 7 volts with a source to drain cur-
rent of 10 microamps at-10 volts applied between the
drain and source; and breakdown voltages greater than
25 volts with the gate source and gate drain shorted to
one another, and said second transistor has a saturation
current at 20 volts between 20 and 50 milliamps; a
pinchoff voltage less than 20 volts with source to drain
current of 100 microamps and 5 voits applied between
the drain and source; breakdown voltage, drain to gate
at 10 microamps of greater than 275 volts with the
source open; and a breakdown voltage, source to gate
with drain open at 10 milliamps greater than 50 volts.

3. A vacuum tube replacement as in claim 1 wherein
said first transistor has a saturation current at 15 volts
of between 1 and 60 milliamps; maximum pinchoff

. voltage of less than 20 volts with a source to drain cur-

50

placement types is provided having substantially the

same a.c. and d.c. characteristics and operating param-
eters.

For pentode replacements, generally the devices 16
and 24 are selected to have characteristics falling
within the following ranges: Device 16 is selected to
have a saturation current at 15 volts of between 1 and
60 milliamps; maximum pinchoff voltage of less than
20 volts with a source to drain current of 10 microamps
at 10 volts applied between the drain and source; and
breakdown voltages greater than 25 volts with the gate
source and gate drain shorted to one another. Device
24 is selected to have a saturation current at 20 volts
between 10 and 150 milliamps; a pinchoff voltage less
than 20 volts with a source to drain current of 10 mi-
croamps at 5 volts applied between the drain and
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rent of 10 microamps at 10 volts applied between the
drain and source; and breakdown voltages greater than
25 volts with the gate source and gate drain shorted to
one another, and said second transistor has a saturation
current at 20 volts between 10 and 150 milliamps; a
pinchoff voltage less than 20 volts with a source to
drain current of 10 microamps at -5 volts applied be-
tween the drain and source; breakdown voltage, drain
to gate, at 10 microamps of greater than 200 volts with
the source open; and breakdown voltage, source to
gate with drain open at lO microamps of greater than
50 volts.

4. A vacuum tube replacement as in claim 1 includ-
ing a fuse connected between the drain terminal of the
second transistor and the plate pin of said base.

5. A vacuum tube replacement as in claim 1 wherein
said first and second transistors are mounted on a ce-

ramic wafer carried on said base.
* . * ® * *
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