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Transistor Switching Circuit

We, GENERAL ELECTRIC COMPANY, a cor-
poration organised and existing under the
laws of the State of New York, United States
of America, of 1 River Road, Schenectady 5,

5 New York, United States of America, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,
to be particularly described in and by the

10 following statement:—

The present invention relates to a transistor
switching circuit and finds particular appli-
cation in high frequency chopper circuits for
use in inverters and time ratio control power

15 circuits.

With the advent of power semiconductor
devices for switching electric currents at
power levels, such as the silicon controlled
rectifier (SCR) amd the power transistor,

20 there has been a continuing effort to employ
such devices for switching purposes at higher
and higher frequencies. To accomplish this,
the present invention employs a tunnel diode
in conjunction with a transistor to achieve

25 high speed switching of the transistor. As a
consequence, circuits employing the inven-
tion may be operated at higher chopping
frequencies than heretofore possible.

According to the invention, there is pro-

30 vided a switching circuit comprising a tran-
sistor; a tunnel diode connected between the
emitter and base of the transistor with like
polarity to the emitter-base junction; and a
saturable transformer having a first winding

35 and a second winding which is coupled to the
base and emitter of the transistor to apply
switching signals thereto.

This invention will be better understood
by reference to the following detailed descrip-

40 tion, when considered in connection with the
accompanying drawings, wherein like parts
in each of the several figtres are identified by

the same reference character, and wherein:

FIGURE 1 is a schematic equivalent cir-
cuit diagram of a tunnel diode, power tran- 45
sistor switching circuit arrangement in
accordance with the invention, together with
a series of characteristic curves illustrating
the manner of operation of the arrangement;

FIGURE 2 is a pair of voltage versus cur- 50
rent characteristic curves for the circuit ar-
rangement of FIGURE 1;

FIGURE 3 is the equivalent circuit of a
modified form of a tunne] diode-power tran-
sistor switching circuit arrangement con- 55
structed in accordance with the invention;

FIGURE 4 s a schematic circuit diagram
of one preferred form of high frequency
chopping circuit constructed in accordance
with the invention; 60

FIGURE 5 is an equivalent circuit dia-
gram of the preferred high frequency chop-
ping circtit arrangement of FIGURE 4 illus-
trating the impedances and voltages which
affect operation of the circuit; 65

FIGURE 6 is a schematic circuit dia-
gram for illustrating the principles of a par-
ticular manner of controlling a high fre-
quency, chopping circuit,

FIGURE 7 is a series of current versus 70
time characteristic curves illustrating the
mede of operation of the circuit of FIGURE
6.

FIGURE 8 is a schematic circuit diagram
of a high frequency chopping circuit accord- 75
ing to the invention and employing the prin-
ciples enumerated with respect to the circuit
arrangement of FIGURE 6;

FIGURE 9 is a detailed circuit diagram
of one half of a bridge power inverter cir- 80
cuit, and illustrates the use of the high fre-
quency chopping circuit arrangement of the
present invention to control operation of the
bridge power inverter; and
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FIGURE 10 is a simplified schematic cir-
cuit diagram illustrating the manner of con-
nection of the power transistors in the bridge
power invetter of which a detailed portion

5 is shown in Figure 9.

Tn the circuit arrangement of FIGURE 1,
a battery 31 and switch 32 are used to depict
the switching saturable core transformer
employed since these elements will perform

10 equivalent circuit function of the saturable
core transformer. As shown in FIGURE 1,
the battery 31 and switch 32 are connected
across the emitter-base of the power tran-
sistor 11, In addition, a tunnel diode 33 is

15 connected across the emitter-base junction
of the power transistor 11 with like polarity
to the junction, that is with the anode 34 of
the tunnel diode being connected to the
emitter of transistor 11 and the cathode 35

20 of the tunnel diode being connected to the
base of power fransistor 11. The resistance
of the leads and conductors interconnecting
these eléments is shown at 36 and the distri-
buted inductance of the leads is illustrated

25 at 37 since-each of these values will affect
operation of the circuit.

The wave forms shown in FIGURES 1b
through 1d of the drawings considered in
conjunction with FIGURE 2 of the drawings

30 illustrates the manner of operation :of the
tunnel diode 33 to achieve very fast switch-
ing of the base current of the power transis-
tor 11. If at time zero in FIGURE 1b the
switch 32 is closed, the rise in current in

35 flowing through the circuit of FIGURE 1
would be as shown in FIGURE 1b. This
current would cause a small current i, to flow
in the emitter-base circuit of power transistor
11 as well as a current i, flowing through the

40 tunnel diode 33. As shown in FIGURE 2 of
the drawings, the current through the tun-
nel diode i, it will initially greatly exceed the
base current as can be appreciated by com-
paring the values of the two currents at a

45 point in time marked a in FIGURE 2. Upon
the current through the tunnel diode 33
reaching the value indicated at point a in
FIGURE 2 after about 1-5 microseconds,
the voltage across the tunnel diode will sud-

50 denly shift to its higher value indicated at
point d; due to the well known tunneling
characteristic of the tunnel diode. This shift
to a higher voltage is acomplished practically

~ instantan€ously so that jt can appreciated

55 that the emitter-base of the power transistor
11 is subjected to an instantaneous increase
in potential across it. This results in a sud-
den rise in current through the emitter-base
of the power transistor 11 as depicted by the

60 dotted line in FIGURE 2. The time for the
sudden rise in current through the emitter
base of the power transistor 11, and conse-
quently the timé in which it is switched to
its full on condition, is very short, less than

65 .02 microseconds. Subsequently, the current

through the tunnel diode will drop from the
position shown at point a; to the position
shown at point b at the same time that the
current through the emitter-base of the power
transistor 11 rises to the point b shown in 70
FIGURE 2, Thereafter the current through
each of the devices shifts to the point c as
the current continues to rise through the cir-
crit until it reaches its steady state value
determined by the value of the parameters 75
36 and 37 as well as the voltage of the source
31. The current through the tunnel diode

i, is illustrated by the curve shown in FIG-
URE Ic of the drawings wherein it can be
seen that the current i, rises until it reaches 80
the point a and then immediately drops to
its lower value as the tunnel diode shifts to

its higher voltage mode of operation. Con-
currently, the base current i, flowing in the
emitter-base of the power transistor 11 in- 85
creases very slowly until the time that the
current through tunnel diode reaches the
point a and the tunnel diode shifts to its
higher voltage mode of operation, then the
corrent i, rises almost instantaneously to 90
almost its ultimate limiting value. The tun-
nel diode and base-emitter characteristic
illustrated in FIGURES 1 and 2 are shown
for a germanium power transistor unit such

as the 2N1907, and for a pair of parallel- 95
connected germanium tunnel diodes, such as
the GE 1N3851 connected in parallel with
a IN3850. If silicon power transistors are
preferred, then a silicon tunnel diode such as
the 1N2933 and 1N2934 could be used in
place of those illustrated. The combination
of germanium power transistors together
with germanium tunnel diodes is preferred,
however, since the germanium power tran-
sistors have a lower base-emitter voltage
drop when turned on (hence less power loss)
and they cost less than the silicon power
transistors. The silicon power transistors,
however, may be preferred for high tempera-
ture applications,

The use of a tunnel diode 33 to accomplish
fast turn on of the power transistor 11 as ex-
plained in connection with FIGURES 1 and
2 is quite effective. However, the tunnel
diode by its presence alone can prevent fast
turn off of power transistor 11. Since in
order to acomplish high frequency chopping,
it is imperative that the transistor not only
be turned on fast, but that it also be turned
off fast to achieve the desired end. To 120
accomplish this, the circuit modifications
shown in FIGURE 3 are included. In the
cricuit arrangement shown in FIGURE 3, a
blocking diode is connected in series circuit
relationship with the tunnel diode 33 in a
manner such that current flows through both
the tunnel diode and blocking diode 41 in the
same direction. The series circuit comprised
by tunnel diode 33 and blocking diode 41 is
connected across the emitter-base of the 130
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power transistor 11, and a source of reverse
bias voltage 42 and series connected switch
43 likewise are connected across the emitter-
base of power transistor 11. Because the
inclusion of the blocking diode 41 may cause
a mismatch in the impedance between the
tunne] diode 33 and the emitter-base of
power transistor 11, an impedance matching
diode 44 (or diodes) is connected in series
circuit relationship with the emitter-base of
power transistor 11. The series circuit com-
prised by the tunnel diode 33 and blocking
diode 41 is then connected in parallel circuit
relationship with the series circujt comprised
by the impedance matching diode 44 and
the emitter-base of power transistor 11. By
this arrangement, when the switch 43 is
closed and the switch 32 concurrently
opened, a reverse bias potential will be ap-
plied across the emitter-base of power tran-
sistor 11, thereby causing it to quickly turn
off since the reverse bias potential from the
sotrce 42 will be blocked by blocking diode
41. The added voltage drop across imped-
ance matching diode 44. The added voltage
drop across impedance matching diode 44
serves to maintain the voltage current rela-
tionship between tunnel diode 33 and the
emitter-base of transistor 11 as illustrated in
FIGURE 2 of the drawings.

FIGURE 4 is a detailed circuit diagram
of a practical high frequency chopper circuit
constructed in accordance with the present
invention. In the circuit of FIGURE 4, a
PNP power transistor 11 has its emitter-
collector connected through the primary
winding 15 of a saturable core transformer
16 and:a load 17 across the terminals (+ and
—) of a direct current power supply. The
primary winding 15 is wound on a common
core member with a secondary winding 18,
a reset winding 27, a first control winding
51, and a second control or turn off winding
52 all of which are of course inductively
coupled to the primary winding 15 through
the meditm of the common saturable core
member. The reset winding 27 is connected
in series circuit relationship with a pair of
resistors 24 and 25 across the emitter-
collector of power transistor 11, and hence
are connected across the terminals (+ and
—) of the direct current power supply
through primary winding 15 and load 17.
The dot end of the secondary winding 18 is
connected to the junction of the bias resistors
24 and 25, and the no dot end of winding 18
is connected through an impedance matching
diode 44 to the base of the power transistor
11. The no dot end of secondary winding
18 is also connected through a pair of series
connectexl bias resistors 53 and 54 to the
positive terminal of the direct current power
supply with the junction of the bias resistors
53 and 54 being connected directly to the
base of power transistor 11. The series cir-

cuit comprised by the impedance matching
diode 44 and the emitter-base of power tran-
sistor 11 is connected in parallel circuit rela-
tionship with a series circuit comprised by

a tunnel diode 33 and series connnected 70

blocking diode 41. A clamping diode 55
shown in solid line is operatively connnected
in parallel circuit relationship across the
emitter-base of power transistor 11 in a re-

verse polarity sense with respect to the block- 75

ing diode 41. The purpose of the clamping
diode 55 will be appreciated more fully here-
inafter. If desired, the clamping diode 55
may be connected in the manner shown by
the dotted diodes 55 to accomplish the same
purpose.

Continvous control over the load current
supplied to the load 17 by the circuit ar-
rangement of FIGURE 4 is accomplished
with the first control winding 51 which is
connected in series circuit relationship with
a diode 56 across the emitter-collector of an
NPN junction transistor 57. The NPN junc-
tion transistor 57 has its emitter-base con-
nected to a source of continuously variable
control signals which of course will vary the
conductance of the NPN junction transistor
57. Similarly, the second control turn off
winding 52 is connected in series with a diode
58 across the emitter-collector of an NPN
junction transistor 59 with its base connected
to a source of turn off control signals.

Consider the power transistor 11 to be in
its non-conducting condition and that the
core of the saturable core transformer 16
has been driven into its negative saturation
condition by the reset ctrrent flowing in the
reset winding 27 at the end of a previous
cycle of operation. With the circuit in this
condition, a smal] negative bias will be
applied from the bias resistors 24 and 25 to
the cathode of tunne] diode 33 and to the
base of PNP power transistor 11.  7This
causes the tunnel diode to be rendered con-
ductive and causes a small emitter-base cur-
rent to flow in the power transistor 11 as ex-
plained in connection with FIGURES 1 and
2. This small emitter-base current is <uffi-
cient to cause a collector current to flow
through the primary winding 15 ¢hat will
cause the core of transformer 16 to be un-
saturated, and to induce a potential in the
secondary winding 18 which is negative at
the no-dot end. This induced potentiai in the
secondary winding 18 is regenerative and
causes a larger current flow through the tun-
nel diode 33, and a larger emitter-base cur-
rent flow through a power ftransistor 11.
Thereafter, as the current flow through the
tunnel diode 33 increases to the point a in
FIGURE 2 so that it is switched to its high
voltage mode of operation, the power tran-
sistor 11 will be switched to its full on con-
dition almost instantaneously. This increases
the collector current flow, hence the load
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current flow, and continues driving the core
of saturable core transformer 16 towards its
positive or opposite condition of saturation.
Thereafter, the power transistor 11 will con-
5 tinue to conduct and supply load current
through the load 17 for the period of time
required to drive the core of saturable core
transformer 16 into positive saturation.

Upon the core of saturable core trans-

10 former 16 reaching positive saturation, the
primary and secondary windings 15 and 18
will be decoupled so that the potential across
winding 18 drops essentially to zero. With
the potential across the winding 18 substanti-

15 ally zero, the bias potential continuously ap-
plied from the bias resistors 53 and 54 to
the base of power transistor 11 will take over
and reverse bias the base-emitter of the
power transistor 11 thereby causing it to turn

20 off almost instantaneously. This instant-
aneous application of the reverse bias across
the emitter-base of power transistor 11 is
made possible by the presence of the block-
ing diode 41 which prevents the reverse bias

25 from being dissipated through tunne] diode
33. The application of reverse bias also re-
turns the tunnel diode to its low voltage
state.

At the instant that the power transistor
30 11 is turned off, the load current through the
primary winding 15 will decay to zero almost
-instantaneously, and the collapsing lines of
flux in the saturable core transformer 16 will
unsaturate the core of transformer 16 and

35 generate in the secondary winding 18 a re-
verse polarity potential which mow will be
positive at the no dot end of winding 18. In
order to dissipate this induced potential
across winding 18 during turn off, the clamp-

40 ing diode 55 is provided thereby avoiding any
risk of injury to the emitter-base of the power
transistor 11, It should be noted that the
clamping diode may be connected in the
manner shown in solid lines, or alternatively

45 may be connected as shown by the dotted
outline form, or in any other manner so long
as it effectively shunts the emitter-base of
the power transistor 11 insofar as this re-
verse polarity potential generated by winding

‘50 18 is concerned.

With the power transistor 11 turned off in
the above described manner, the circuit is
returned to its initial condition of operation
ready for a new cycle of operation. By

55 varying the value of the continuously vari-
able control signal E.,, applied to the base
of the transistor 57, the point at which the
core of saturable core transformer 16 reaches
positive saturation to thereby initiate turn

60 off of the power transistor 11 in the above
described manner, can be varied to thereby
vary the period of conduction or time on of
the power tramsistor 11. The circuit de-
scribed enables variation of the value of the

65 load current being supplied to load 17 in a

proportional control manner as described in
US. Patent No. 3,102,206. In the event of
the aplication of the turn-off signal Ei. to
the base of the transistor 59, the circuit of
FIGURE 4 will be turned off practically con- 70
currently with application of the turn-off sig-
nal thereby making it possible to protect the
power transistor in the circuit from possible
damage. It should also be appreciated that
the number wof additional turn-off windings 75
stch as 52 which can be added to the satur-
able core transformer 16 is practically limit-
less (within reason) since these windings do
not effect operation of the circuit until a
turn-off signal is applied to them. For this 80
reason, the circuit makes it possible to pro-
vide multiple insulated input signals to the
circuit which are effectively isolated from
the power current flowing in the power cir-
cuit. 85

FIGURE 5 of the drawings is an equiva-
lent circuit arrangement of the circuit shown
in FIGURE 4. With respect to FIGURE 35,
the switches 32 and 43 are effectively pro-
vided by the winding 18 of saturable core 90
transformer 16 which, dependent upon its
condition whether saturated or unsaturated,
the switch is either open or closed. With
winding 18 in its satrrated condition, the cir-
cuit operates as though switch 43 were closed 95
in FIGURE 5 and switch 32 opened. With
winding 18 in its unsaturated condition, the
circuit operates as though the switch 32 were
closed and the switch 43 were opened.

FIGURE 6 of the drawings illustrates the 100
basic circuit configuration of a form of
high frequency chopper circuit having a con-
stant frequency output and wherein the time
on of the power transistor is varied to there-
by vary the load current supplied to a load
through the power transistor. In the circuit
arrangement of FIGURE 6 a power tran-
sistor 11 has its emitter-base coupled across
the secondary winding 18 of a saturable core
transformer 16, The secondary winding 18 110
is wound in common on a toroidal core mem-
ber 61 with a primary winding 15 and a con-
trol winding 51 in a conventional fashion.
Primary winding 15 is here connected to a
separate source of square wave alternating 115
current potential having the wave form illus-
trated at 62 through a current limiting re-
sistor 63. The control winding 51 is con-
nected through a diode 56 across the emitter-
collector of an' NPN junction transistor 57
whose base is connected to a source of con-
trol signals Ecen.

For the purpose of illustration, first con-
sider the case where there is no control sig-
nal E.,.» applied to transistor 57, and hence
control winding 51 has no effect on the
operation of the circuit. Consider also that
the core of saturable core transformer 16
has been driven into negative saturation by
the previous negative half cycle of the square 130
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wave alternating current potential 62 sup-

plied to primary winding 15. Under these

circumstances, the positive half-cycle of the

square wave altermating current potential

5 62 will drive the core of saturable core trans-

former 16 out of negative saturation and tend

to reset it towards positive saturation. As

a consequence, a potentia] will be developed

in the secondary winding 18 which is positive

10 at the dot end and which will cause power

transistor 11 to be turned on. The power

transistor 11 will then be maintained turned

on for the period of time required for the

core of saturable core transformer 16 to be

15 driven into positive saturation by the posi-

tive half-cycle of the square wave alternating

current potential 62. By proper design of

the core of transformer 16 and the windings

15, 51, and 18, the transformer 16 can be

20 designed so that its core is driven into posi-

tive saturation at the termination of the posi-

tive half-cycle of the square wave alternating

current potential 62 assuming no contro} sig-

nal is applied to the transistor 57. Upon

25 reaching positive saturation, the potential

across winding 18 will drop to zero. As

a consequence, the emitter-base current of

transistor 11 decreases to zero and the power

transistor 11 will start to turn off. During

30 the succeeding negative half-cycle of the

square wave alternating current potential 62,

the core of saturable core transformer 16

will be driven out of positive saturation to-

wards negative saturation and will develop

35 a reverse polarity potential across the wind-

ing 18 which is now positive at the no-dot

end. As a consequence, the power transistor

11 will be turned full off during the negative

half-cycle of square wave potential 62, and

40 the core of the saturable core transformer 16

will be driven back into negative saturation
during the negative half-cycles.

Consider now the effect of the transistor

57 and diode 56. By reason of the polarity

45 of the connection of the diode 56, the diode

will block any current flow during the posi-

tive half-cycles of the square wave potential

62 so that no current can flow through wind-

ing 51 during the positive half-cycles, and

50 hence the winding will have no effect during

these periods. However, during the negative

half-cycles of the applied square wave poten-

tia] 62 an enabling potential e, of the proper

polarity will be developed across the winding

55 of transistor 57. If under these conditions

the control signal E., which is positive in

nature is applied to the base of the transistor

57 the transistor will be turned on. The

amount of current that is allowed to flow

60 51 which is applied across the collector-emitter

through the transistor will of course be deter-

mined by the value of the control signal E,,.

From a consideration of FIGURE 6 it can

be appreciated that the ampere turns caused

65 by the winding 51 oppose the ampere turns

of primary winding 15 during the negative
half-cycle of the square wave alternating
current potential 62, Therefore in effect the
control winding 51 controls the degree of re-
set of the core of saturable core transformer 70
16 during the negative half-cycles of poten-
tial 62. By thus controlling the degree of
reset, or the extent to which the core of
saturable core transformer 16 is driven to-
ward negative saturation during the negative 75
half-cycles of the applied square wave alter.
nating current potential 62, the control wind-
ing 51 in effect sets the amount of time
which will be required for the succeeding
positive half-cycle of the square wave alter- 80
nating current potential 62 to drive the core

61 into positive saturation, and hence, there-
by controls the on time of the power tran-
sistor 11. Thus, it can be appreciated that
the power transistor 11 will be turned on at 85
a constant frequency rate, but that its on
time is varied to thereby vary the value of
the load current being supplied through the
power transistor.

FIGURE 7 of the drawings illustrates the 90
manner of operation of the circuit of FIG-
URE 6. FIGURE 7 (a) illustrates the volt-
age-time characteristic of the square wave
alternating current potential 62 applied to
primary winding. In FIGURE 7 (b), the 95
current versus time characteristic of the base
current iy is shown for the condition where
the core of saturable core transformer 16
is driven into positive saturation at about
120° phase relation with respect to the ap-
plied square wave switching potential 62.
The potential e, appearing across the control
winding 51 is illustrated in FIGURE 7 (©).
By varying the value of the control signal
E.. supplied to the base of transistor 57 the
value of i, can be either increased or de-
creased to thereby vary the on time (and
hence load current) of the power transistor
11 in a desired fashion,

FIGURE 8 of the drawings illustrates a
practical circuit configuration for a constant
frequencyy, high speed, time-ratio control,
power chopping circuit constructed in
accordance with the principles of the present
invention. The circuit arrangement of FIG-
URE 8 is identical to the circuit of FIGURE
6 with the exception that a tunnel diode 33
and blocking diode 41 are connected in
series circuit relationship across the base-
emitter of power transistor 11 and a series
connnected impedance matching diode 44.
By the addition of these elements to the cir-
cuit arrangement of FIGURE 6, high speexd
turn on of the power transistor 11 can be
accomplished in the manner described more 125
fully with relation to FIGURES 1 and 2 of
the drawings.

In order to accomplish high speed turn off
of the power transistor 11 in FIGURE 8,

a source of reverse polarity potential is con- 130
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nected in parallel circuit relationship with
the emitter-base of power transistor 11. This
source of reverse polarity potential may be
a battery or other suitable d.c. source, but
in the specific arrangement shown in FIG-
URE 8, is comprised by a rectifier circuit 64
and series connected resistor 65 connected
across the emitter-base of power fransistor
11. The rectifier circuit 64 is comprised by
a pair of diodes 66 and 67 connected in back-
to-back relationship across the secondary
winding 68 of a coupling transformer whose
primary winding 69 is coupled to the source
of square wave alternating current potential
62 applied to primary winding 15 of saturable
core transformer 16. By this arrangement,
upon the secondary winding 18 being driven
into positive saturation, the reverse polarity
potential developed across the resistor 65
will reversely bias emitter-base of power
transistor 11 to cause it to quickly turn off.
A clamping diode 55 operatively connected
in parallel with the emitter-base of power
transistor 11 will serve to clamp the emitter-
base potential to the voltage drop across the
dicde and tunnel diode 33 during turn off
thereby avoiding any possible damage to the
power transistor 11.

FIGURE 9 of the drawings shows a form
of high frequency shopping circuit which can
be applied to the simplified bridge inverter
network of FIGURE 10 to provide either an
alternating current output voltage or a re-
persible polarity direct current output volt-
age depending upon how the network is
operated.  FIGURE 9 shows the respective
switching transistors 11a and 11b in the two
arms of the bridge forming one of the two
parallel branches between the jnput terminals
marked 4 and — in FIGURE 10. For the
purpose of the present discussion, ignore for
the time being the lower half of the circuit
including the power transistor 11b and its
associated circuitry and the two pulse trans-
formers 71 and 72. The saturable core trans-
former 16 in the circuit arrangement shown
in FIGURE 9 is in fact two saturable core
transformers 16 and 16” which in effect oper-
ate similarly to the transformer 16 previously
described. However, in the circuit arrange-
ment of FIGURE 9, one of the saturable
core transformers 16 operates :on one-half
cycle of the applied square wave alternating
current potential 62 as discussed in connec-
tion with the circuit of FIGURE 6, and the
remaining saturable core transformer 16’
operates on the opposite half-cycle so that
the two together provide full wave control
to the power transistor 11a similar to a full
wave magnetic amplifier. With the control
signal E.., applied to the transistor 57 equal
to zero, the power transistor 1la will be
turned on or conducting for a full 360° of
the square wave alternating current potential
62~ As the value of the control signal Ec,

is increased, the conducting time of the
power transistor 11a is reduced proportion-
ally until it finally reaches zero for E.., equal
to full value. Full wave operation of the
power ftransistor 1la in this manner pro-
vides a chopping rate which is double the
frequency of the square wave alternating
current potential 62.

With the circuit thus far described, there-
fore, it can be appreciated that the control
voltage E.,, controls the output voltage to
the joad. Since the control windings 51, 51°
of the saturable core transformers 16 and 16
are wournd on separate parts of the core from
the primary and secondary windings, the
separation of the windings isolates the input
circuits from each other and from the power
output circuit, and in addition provides in-
sulation. Pulses of voltage, fast rise time in
voltage, etc. between the various input con-
trol circuits and the output power circuit do
not disturb the input controls applied to the
circuit. Further, as explained in connection
with FIGURE 4, additional multiple inptt
and turn off controls can be applied to the
core members of the saturable core trans-
formers 16, 16’ to provide any desired num-
ber of inputs which are insulated and isolated
from each other and from the power load
circuit as well,

Considering row the effect of the lower
half of the circuit shown in FIGURE 9 in-
cluding the power transistor 11b where such
a control circuit is included as the left half
control for a bridge circuit such as that
illustrated in FIGURE 10, for example. A
bridge circuit so constructed can be em-
ployed to develop either an alternating cur-
rent potential or a reversible polarity vari-
able direct current output voltage acrcss the
load depending upon the nature of the con-
trol signals supplied to circuit. It is to be
understood that a right hand control circuit
similar to that of FIGURE 9 would be con-
nected to the power transistors 11a” and
118" of the circuit shown in FIGURE 10
for such operation, however.

The control circuit for the power transistor
11b is slaved to the control circuit of power
transistor 11a in the circuit arrangement
shown in FIGURE 9. The pulse transformers
71 and 72 supply pulses to the control gates
of a pair of silicon controlled switches (SCS)
73 and 74 that are connected through a
limiter resistor 75 and impedance matching
diode 44b to the base of power transistor
11b. Alternating current power is supplied
to the silicon controlled switches 73 and 74
throvgh a supply transformer 76 having its
primary winding coupled to the source of
square wave alternating current potential 62.
The tunnel diode switching circuit comprised
by tunnel diode 33b and working diode 41b
assures fast turn on of the power transistor
11b, and fast turn off of power transistor 11b
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is accomplished through the rectifiers 64b
and resistor 65b which reverse bias the
emitter-base of power transistor 11b.
By the above arrangement, power tran-
5 sistor 11b js turned on at the time that
power transistor 11a is turned off. The tun-
nel diode fast switching circuit including
tunnel diode 33b switches the power tran-
sistor 11b in a fast manner the same as diode

10 33 in the circuit arrangement of FIGURE 8.
When the core of the satcrable core trans-
formers 16 or 16" saturates, the flux in the
cores of the pulse transformers 71 or 72
drops to the residual flux level, and a voltage

15 is induced in the secondary windings of the
pulse transformers 71 or 72 to thereby turn
on the SCS 73 or SCS 74. Turn on of SCS 73
or SCS 74 results in fast turn on of power
transistor 11b. ~ When incorporated in a

.20 bridge arrangement such as shown in FIG-
URE 10, the right hand power transistors
11a’ and 11V forming the two arms of the
second branch of the inverter, are controlled
by an identical circuit to the one controlling

25 power fransistors 11a and 11b so that the
ocontrol circuits can be used in series. With
such an arrangement the emitter of the con-
trol transistor 57 used for the left side of
the bridge would be connected to the

30 emitter of the corresponding control tran-
sistor 57 vsed on the right side of the bridge
circuit, and the control signal input is applied
to the bases of both transistors.

By reason of the above construction, a

35 transistor-magnetic power amplifier is made
available having multiple insulated and iso-
lated inputs. — The high speed; chopping
amplifier employs a fechnique of time ratio
control and provides lightweight, compact-

40 ness, high efficiency and high reliability
operation at very high switching speed made
possible by the use of high speed power
transistors used in conjunction with tunnel
diode high speed switching circuits to permit

45 high chopping frequencies. The multipfe
inputs made possible by the circuit permit
take over control for such purposes as cur-
rent limit, thermal Jimits, under voltage or
over voltage, etc., and the isolation of the

50 multiple inputs from each other and from the
power output permit the take over controls
to operate in circuits having high dv/dt which
otherwise might interact on each other to
cause circuit failure,

55 From the foregoing description, therefore,
it can be appreciated that the invention
makes available high speed chopping circuit
arrangements which employ a high speed
power transistor and a tunnel diode to

60 accomplish high speed switching of the base
current of the transistor to thereby achieve
high chopping frequencies. The circuits thus
comprised also employ saturable core trans-
formers and these may be provided with mul-

65 tiple insulated inputs that are effectively

isolated from each other and from the high
frequency power derived at the output of the
circuit.

WHAT WE CLAIM IS:—

1. A switching circuit comprising a tran- 70
sistor; a tunnel diode connected between the
emitter and base of the transistor with like
polarity to the emitter-base junction; and a
saturable transformer having a first winding
and a second winding which is coupled to 75
the base and emitter of the transistor to ap-
ply switching signals thereto.

2. A switching circuit according to Claim
1, wherein said first winding is connected in
the base collector circuit of the transistor to 80
form a regenerative circuit for turning on
said transistor.

3. A switching circuit according to Claim
coupled to said first winding to contro] the
1, comprising a source of alternating current 85
switching of said transistor.

4. A switching circuit according to any
preceding claim comprising a rectifier diode
connected between the emitter and base of
the transistor in series circuit relationship 90
with the tunnel diode to conduct current in
the same direction as the tunne] diode.

5. A switching circuit according to Claim
4 comprising an impedance-matching diode
connected in series cifcuit relationship with 95
the emitter-base junction of the power tran-
sistor to conduct current in the same direc-
tion as the junction, the tunne] diode being
connected in parallel circuit relationship
with the series circuit comprising the emitter-
base junction of the power transistor and the
impedance-matching diode.

6. A switching circuit according to any
preceding claims, comprising a clamping
diode in parallel circuit relationship with
the emitter-base junction of the power tran-
sistor and connected in a reverse polarity
sense with respect to the tunnel diode,

7. A switching circuit according to any
preceding claim, wherein said saturable 110
transformer has a further winding for re-
ceiving current to contro} the saturating of
the transformer core, and further comprising
means for applying current to said control
winding to thereby control the switching of 115
said transistor,

8. A switching circuit according to any
one of Claims 1 to 6, wherein said saturable
transformer has two further windings for
Teceiving currents to control the saturating 120
of the transformer core, and further com-
prising means for applying currents to said
further windings such that the current in
each winding controls the switching off of the
transistor.

9. A switching circuit according to Claim
7 or 8 when dependent on Claim 2, wherein
said saturable transformer has a reset wind-
ing coupled in the base-collector circuit of
said transistor to provide current for saturat- 130
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ing fhie core of the transformer in one polar-
ity prior to swiiching on of the transistor.
10. A switching circuit according to Claim
6 comprising means for providing turn-off
5 current to the tramsistor, and connected in
parallel circuit relationship with the emitter-
base junction of the power tramsistor and
the second winding of the saturable trans-
former.

10 11. A bridge inverter circuit comprising
a transistor in each arm of the bridge to
switch current in that arm, a respective tun-
nel diode connected between the emitter and
base of each transistor and with like polarity

15 'to the emitter-base junction, apd one of
the transistors in each branch of the bridge
between the input terminals thereof having

associated therewith a respective saturable
transformer with a first winding for receiving
current to effect saturation of the transformer 20
and a second winding coupled to the base
and emitter of the associated transistor to
apply switching signals thereto.

12. A switching circuit substantially as
hereinbefore described with reference to Fig- 25
ure 4; Figure 8 or Figures 9 and 10 of the
accompanying drawings.
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