Feb. 16, 1960

B. L. SCHERER
PROTECTIVE DEVICE FOR TRANSISTOR REGULATORS

Filed Feb. 10, 1958

2,925,548

10 12 14
+ 4——0@4@ +
' PNP 6
bc T 17
/ /
- INPUT / ] . LOAD
AMPLIFIER SENSING
CIRGUIT l
i
- JA T I -
ld 4
+ & +
DG /23 16
LOAD
INPUT L | ampLIFIER
AND SENSING
GIRGUIT

22

BERNARD L. SCHERER

BY

_ INVENTOR
e,

ATTORNEY



United States Patent Of

o]

2,925,548

Pa’tented Feb. 18, 1960

ice

1

2,925,548
PROTECTIVE DEVICE FOR TRANSISTOR
REGULATORS

Bernard Louis Scherer, Norwalk, Conn., assignor, by
mesne assignments, to Sorensen & Compzny, Incorpo-
rated, South Norwalk, Conn., a corporation of Dela-
ware

Application February 10, 1958, Serial No. 714,326
10 Claims. (CL 323—22)

This invention relates to a protective circuit for passing
transistors and has specific relation to the - momentary pro-
tection of passing transistors employed in direct current
voltage regulators.

The use of transistors in voltage regulators is old and
they have been adapted to the control of direct current
voltages over a wide range of voltage values. It has been
found, however, that when transistors are employed as
variable unpedance components in series connection be-
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duct whenever the potential of the firing electrode is
raised to a predetermined value.

For a better understanding of the present invention, to-
gether with other and further objects thereof, reference.
is made to the following description taken in connection
with the accompanying drawings.

Fig. 1 is a schematic diagram of connections of a volt-
age regulator circuit and the protective device with a
passing transistor connected in series with the positive
conductor.

Fig. 2 is a schematic diagram of connections similar to
Fig. 1 but with the passing transistor connected in the
negative power line.

Referring now to Fig. 1 the voltage regulator circuit is
provided with terminals 10, 11, for connection to a direct -
current power source which may vary comsiderably in

" applied voltage., In series with the positive conductor is a
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tween a power source and a load, they can be damaged. v

easily when the load terminals are short-circuited. The
use of a fuse does not correct the difficulty because the
transistor will be damaged before the fuse blows due to
thermal time lag. In some circuits the damage is done by
the excessive currents causing abmormal temperatures
within the transistor elements. In other circuits a short
circuit produces excessive voltages which damage the base
element. In the specification and claims, the recitation of
“excessive currents” is intended to include the abnormal
conditions which also produce excessive and abnormal
voltages. .

The present circuit solves this difficulty by the use of a
gas-filled discharge device connected in shunt with the
transistor and absorbing most of the current flow between
the time the output terminals are short-circuited and the
fuse blows.

One of the objects of this invention is to provide a pro-
tective device for transistors which aveids one or more of
the disadvantages and limitations of prior art circuits.

Another object of the invention is to protect passmg
transistors from permanent damage whenever excessive
currents pass through the transistor or whenever excessive
voltages are impressed ca the emitter and collector.

. Another object of the invention is to provide a circuit
component which will absorb power due to short circuit
conditions until a fuse blows.

Another object of the invention is to provide a safety
device for the protection of transistors which can be used
many times.

_ Another object of the invention is to provide a safety
device which can be adapted to a wide variety of circuits
using a wide range of voltages.

Another object of the invention is to provide a safety
device which will operate only during short circuit condi-
tions and at other times have no effect on the normal op-
eration of the circuit.

The invention comprises a gaseous discharge device
including a cathode, an anode, and a firing electrode with
two of the electrodes connected. to the emitter and col-
lector of a passing transistor. The passing transistor is
connected in series with a direct current power line and a
direct current load and the variable resistance of the tran-
sistor is employed to maintain the load voltage at a con-
stant value. The third electrode in the discharge device is
connected te the power line which does not include the
passing transistor. The gaseous discharge device is nor-
mally biased for non-conduction and is adapted to con-
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fuse 12 and a transistor 13 with its emitter and collector
connected to the power line. The output of the voltage
regulator circuit is connected to terminals 14 and 15 for
connection to a load 16.

A sensing circuit 17 is connected across terminals 14
and 15 to sense the voltage variations across the load. -
This sensing circuit may be any one of the many known
types-of sensing devices and generally includes a voltage
reference component which may be a battery, a voltage
regulator tube, or a zener diode. The sensing circuit de-.
termines the difference between the voltage reference and
the load voltagé and transmits this difference or error sig-
nal to an amplifier circuit 18 which may include any of
the well-known amplifier components such as transistors,
vacuum tubes, or magnetic amplifiers. The output of the.
amplifier is connected between the negative power line.
and the base of the transistor,. thereby controlling the
transistor resistance to maintain a constant voltage on
terminals 14 and 15.

In order to protect transistor 13, a gaseous dlscharge
device 20 is employed with its anode connected to_the
emitter of the transistor and the -cathode connected to load
terminal 14 and the transistor collector. The firing elec-
trode or grid is connected directly to the negative power
conductor which joins terminals 11 and 15. :

"The operation of this circuit is as follows: During
the normal operation with load 16 connected across termi-
nals 14 and 15, the discharge device 20 is non-conductive
because there is not enough voltage between the anode
and cathode to maintain a discharge and because the
control. electrode is biased considerably more negative
than the cathode. Since the device-is non-conductive it
does not interfere in any way with the operation. of the
voltage regulator circuit. Now, let it be assumed that
terminals 14 and 15 are short-circuited. This action
causes the cathode of device 20 to be lowered in voltage
substantially equal to the potential of the negative supply
conductor and for this reason the potential of the con-
trol electrode is the same as the potential of the cathode.
Discharge device 20 is designed so that it will fire as
soon as the control electrode is equal to the voltage of
the cathode (or only a few volts more negative) hence
the discharge device is rendered conductive and the major
portion of the short circuit current passes through the
discharge device, some of this current passing from the
anode to the cathode through the short circuit to the
negative conductor, while another portion of the current
passes from the anode to the control electrode and to
the negative conductor. The above stated condition re-
mains only for a fraction of a second until fuse 12 blows
or disintegrates, thereby opening the positive power con-
ductor and eliminating .all currents to other parts of
the circuit. The limiting resistor 21 is employed only
when high voltages are used. For lower input -voltages -



2,025,548

3

within the range of fifteen to fifty volts, resistor 21 may
be omitted.

The circuit shown in Fig. 2 is similar to that shown in
Fig. 1 except that the fuse 12 and the passing transistor
22 adre placed in series with the negative conductor in-
stead of the posmve In this arrangement the amplifier
and sensing circnits 23 are similar to the circuits 17
and 18 shown in Fig. 1. The protective discharge device
20 has its atnode connected to the positive terminal 10
and its cathode connected directly to the emitter of
the transistor. In order to maintain the cathode at a
small positive potenttal it is also connected to & voltage
divider connected across the output terminals. This di~
vider includes resistors 24 and 25.

During the normal operation of this circiit the dis-
charge device 20 is non-conductive because the control
electrode is maintained at a voltage more negative than
the cathode. When a short circuit is apphed between
terminals 14 and 15, the firing electrode is made more
positive than the cathode, the gas is ionized, and the
discharge device 20 conducts switching a large current
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a gascous discharge device including a.cathode, an anode,

~and a firing électiode with two of said electrodes cori-
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directly from terminal 1¢ through the anode-cathode cir-"

cuit of the tube to the load side of fuse 12. This action
. protects- transistor 22 and causes the fuse 12 to blow,
thereby cutting off -all action in the voltage regulator
components.

as 'shown or in-series with the negative conductor.
 The for regoing disclosure and drawings are merely ilfus-
trative of the prmc1ples of this invention and are not
to" be interpreted in a limiting sense.
tions dre to be determined from the scope of the aps
peqd d claims:
I ¢laim:

I A circuit for protecnng passing transistors in volt- 8!

age regulators from excessive 1oad ciirrents comprising:

a. passing’ transistor in ‘series with a first conductor of a -

direct current power supply; said transistor having a base,
a collector, and an emitter; 4 gaseous discharge device

including a cathode, an anode, -and a firing électrode 4

with two of said electrodes connected across the emitter
and collector ‘of ‘said transistor; and a third of said dis-

charge electrodes connected to a second conductor of said

power supply.
2. Al gircuit” for protecung passing transxstors in volt-
age, regulators from excessive load currents comprising:

a:passing ‘transistor in series with a first ‘conductor ‘of a.

diréct cuifrént power supply; said transistor havmg a basc,
a“collector, and:an emitter; a’ gaseous discharge device
idcluding a cathode, an' dnode, and a firing, electrode
wrth two-'of said’ electrodes connected aéross the eritter
lector of s’aid»t’r’a’nsistbr; and a third of said dis-
¢ electrodes connected to a second conductor : of
_power ‘supply; said discharge device normally biased
for rion-conduction and adapted to conduct whénever the
. potential ‘between said first-and ‘s€cond conductors ‘is re-
duiced to a predetérmined voltage.

30 ~A'c1rcu1t for protectmg passmg transxstors in volt-
age regulators. from - -excessive: foad currents cornnrlsmg
a-passing ‘transistor Having a ‘base, an emitter, and a
colleétor connected with- gdid’ emitter and collector  in

series: with & first conddctor of a- diréct current power .

supply, a- gaseous discharge device mcludmg a-cathode,
an‘anode, and a firing electrode with two of said. electrodes
coninected across’ the emitter and collector of said tran-
siStor; and a: third of said discharge’ electrodes’ coinected

tor @ second conductor of said power ‘supply; said dis--

charge: device normally biased for noti-conduction and’
adapied-to conduct when: the’ potential between said first
. and;second conductors-is raduced by a:short circuit.

A lmntmg resistor 26 miay be applied to
this’ circuit -either in seriés with the positive conductor’ .

The only litita-"

nected respectively. to the emitter and collector of said
transistor; and a third of said discharge electrodes con-
nected to a second conductor of said .regulator; said

“discharge device normally biased for non-conduction and

adapted to conduct when the potential between said first
and second conductors is reduced below a predetermined
value by a short circuit.

5. A circuit for protecting passing transistors in volt-
age regulators from excessive load currents comprising:
a passing transistor having a base, an emitter, and a ¢ol-
lector; a direct current voltage regulator circuit including
input - terminals- for connection to .a power source and
output terminals for conmnection to a load; said émitter
and collector consected. in series between one- of said
input terminals and one of said output terminals; a gas-
eous discharge device including a cathode, an anode, and
a fifing electrode with two of said electrodes c¢onnected
réspectively to the enitter and collector of sdid transistor;
and a third of said discharge electiodes cormected to thé
other of said output terminals.

6. A circuit for protectmg passing transistors in voltage

'regulators from excessive load currents -comprising: 4

passing transistor having a base, an emitter, and a col-
lector; a direct current power siipply having. positive and

: nevatlve ;conductors, connecting a power. source and a
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4.-A circuit for protectmg Passing:transistors in volt-

age: regulators- from-excessive load currents comprising:
* 4 ‘passing-transistor having. a-base, an entittér, and-a col-

‘leeton co:mected with- said exmtter and ‘collector in series
N thh first condugtorof a. dtrect cur r\,nt voltage reoulafor

75

load; said emitter and collector .conneéted in series With
said positive’ conductor; a gaseous discharge device in-
cludmg & cathode, an anode, and a firing electrode with
the anode connected to the einitter and thé cathode ¢ofi-
nected to the collector; and a connéction between the
ﬁrmg electrode and the negdtive conductor.

. A circuit for protecting passing transistors in voltage .
regulators from excessive load currents comprising: a
passing transistor having a bdse, an. emitter; and 4 col-
lector; a direct cuirént power supply having positive-and
n‘egztt’ive conductors. connectifig -2 power source and a
load; said emitier and collector connected in seriés with
said positive conductor; a gaseous discharge device in-

_cluding -a cathiode, -an anode, and a firing electrode. with

the anode connected to the emitter and the cathode con-
nected to the collector; and a connection between the
firing electrode and the negative conductor; said dlscharge
device normally biased for norn-conduction and adapted -
to conduct whenever the potential betiwéen the positive
and negativ'e conductors is reduced to substantially zero
by a shert circuit.

8. A circuit for protectmg passing trans1stors i Voltag..
regulators from excessive load currents comprising: -a -
passing- transistor having a base, an emiitter, and a éol-
lector; a direct current power supply having g positive and
negative conductors conmecting a power source and a
load; said emitter and collector connected in series with
said negative conductor; a gaseous discharge device in--
cluding a cathode, an anode, and a firing electrode. with
the cathode connected to the emitter and the firing elec-
trode” connected to the collector; and a connection be—
tween the ancde and the posmve conductot. .

9. A circuit for protectmg passing transrstors in voltage
re"ulators from excessive load . currents comprising: -a

;pass1ng t1anslst0r havm(7 a base an emltter and a col-

negativ onductoxs connectmg a power: source and a
lead; said emitter and collector connected in series with
said negative conduoctér; a gaseous discharge device in-
cluding. & cathode, ‘at anode, and a firing electrode with
the cathode connected to the emitter and the firing elec-
trode” connected to the collector; and a connection be-
iween the anode and.the. positive. conductor; said dis-

- charge device normally biased for non-conduction and
: adapted to conduct whenever. the potential between the
- positive . and negativé. conductors is" reduced to substa.n-‘

tially zéro by “a sshort circnit:
- 10, A dircuif for protceung passmg transxstors m volt- -
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age regulators from excessive load currents comprising: conduction and adapted to conduct whenever the poten-
2 passing transistor in series with a first conductor of a tial between the first and second conductors is reduced to
direct current power supply; said transistor having a a predetermined voltage.

base, a collector, and an emitter; a discharge device in-

cluding a cathode, an anode, and a firing electrode with & References Cited in the file of this patent
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supply; said discharge device normally biased for non-



