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This invention relates to current supply apparatus and 
more particularly to apparatus for regulating the supply 
of current from a current supply source to a load. 
An object of the invention is to provide an improved 

current supply circuit for minimizing load voltage changes 
over a normal operating range of load current and for 
limiting the load current when it exceeds the normal 
operating range of load current. 
The invention is an improvement in certain respects 

over the current supply apparatus disclosed in appli 
cant's copending application Serial No. 525,895, filed 
August 2, 1955. 

In a specific embodiment of the invention herein 
shown and described for the purpose of illustration, cur 
rent is supplied from a direct-current supply source to 
a load through a load circuit comprising the emitter 
collector path of a first transistor in series with the sup 
ply source and the load. The phase-reversing current 
amplifier comprising a second transistor is provided for 
controlling the current in the emitter-base path of the 
first transistor to thereby control the current flowing 
through the emitter-collector path of the first transistor 
to the load. The sum of the emitter-collector currents 
of a third and fourth transistor which are energized from 
the load circuit is supplied to a resistor connected in the 
base path of the second transistor to thereby control 
the current flowing through the collector-emitter path of 
the second transistor and the base-emitter path of the 
first transistor in series. 

There is impressed upon the emitter-base path of 
the third transistor a control voltage equal to the differ 
ence of a Substantially constant voltage and a portion at 
least of the load voltage. There is impressed upon the 
emitter-base path of the fourth transistor a control volt 
age equal to the difference of a substantially constant 
voltage and a voltage proportional to the load current. 
When the load current is within a predetermined operat 
ing range, the emitter-base voltage of the fourth transis 
tor has a polarity to cause its collector current to be 
reduced to a minimum value, that is, the fourth transis 
tor is cut off. The circuit then operates to control the 
resistance of the emitter-collector path of the first transis 
tor in response to load voltage changes to minimize 
changes of load voltage. When the load current in 
creases to a certain amplitude above the predetermined 
operating range of load current, the collector current 
of the fourth transisitor increases to cause the resistance 
of the collector-emitter path of the first transistor to in 
crease and thereby reduce the load voltage. When the 
load voltage has been reduced sufficiently, the collector 
current of the third transistor. is reduced to a minimum 
value, that is, the third transistor is cut off. For this 
condition, the circuit operates in response to load cur 
rent changes to minimize changes of load current. 
The invention will now be described in greater detail 

with reference to the accompanying drawing in which: 
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Fig. 1 is a schematic view of a current supply circuit 

embodying the invention; and 
Fig. 2 is a schematic view of a modification of the 

current supply circuit shown in Fig. 1. 
Referring now to Fig. 1 of the drawing, there is 

provided a rectifier and filter 10 for supplying direct 
current to a load circuit comprising a load 11 which 
may vary, the rectifier 10 being energized from an al 
ternating-current supply source. 12. There is provided 
for regulating the load voltage and load current a circuit 
comprising four p-n-p type transistors 13, 14, 15, and 
16, each having an emitter, a collector, and a base, two 
p-n junction constant voltage diodes 17 and 18, resistors 
19, 20, 21, 23, and 24 and potentiometers 22 and 25. 
The load current flows from a positive grounded termi 

nal of rectifier 10 through the load 11 and resistor 24 
in series, into the emitter and out of the collector of 
transistor 13 to the negative output terminal of recti 
fier 10. The base of transistor 13 is connected to the 
emitter of transistor 14. The collector of transistor 14 
is connected to the negative output terminal of recti 
fier 10. The resistor 19 is provided in a path connect 
ing the base of transistor 14 to the negative output termi 
nal of rectifier 10. It is thus seen that a portion of 
the load current which flows into the emitter of transis 
tor 13 flows out of its base and into the emitter of tran 
sistor 14. A portion of the emitter current of transistor 
14 flows out of its collector to the negative terminal 
of rectifier 10 and the remaining portion flows out of 
its base and through resistor 19 to the negative termi 
nal of rectifier 10. - 
The collectors of transistors 15 and 16, respectively, 

are connected to the base of transistor 14. Constant 
voltage diode 17, resistor 20 and constant voltage diode 
18 are provided in series and in order in a shunt cur 
rent path connected from ground to the common termi 
nal of resistor 24 and the emitter of transistor 13. The 
emitter of transistor 15 is connected to the common 
terminal of diode 17 and resistor 20. A shunt current 
path across the load 11 comprises in series the resistor 
21, potentiometer 22, and resistor 23. The base of 
transistor 15 is connected to the variable tap of poten 
tiometer 22. The emitter of transistor 16 is connected 
to the negative load terminal. Potentiometer 25 is con 
nected across the constant voltage diode 18 and the 
variable tap of potentiometer 25 is connected to the base 
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of transistor 16. 
There is thus impressed across the emitter-base path 

of transistor 15 a voltage equal to the difference of the 
substantially constant voltage across the diode 17 and 
that portion of the load voltage between the positive load 
terminal and the variable tap of potentiometer 22. The 
voltage impressed across the emitter-base path of transis 
tor 16 is equal to the difference of the voltage drop 
across resistor 24 and that portion of the substantially 
constant voltage across diode 18 between the common 
terminal of resistor 24 and potentiometer 25 and the 
variable tap of potentiometer 25. 

Consider first that the resistance of the load 11 is rela 
tively high and that the load current, therefore, is rela 
tively low. Under this condition the voltage across 
resistor 24 is less than the opposing voltage across a 
portion of potentiometer 25 in the emitter-base circuit 
of transistor 16. Therefore, a minimum current flows 
out of the collector of transistor 16 and through resis 
tor 19 to the negative terminal of rectifier 10. If the 
load voltage should increase, due to an increase of the 
voltage of the source 12, for example, the base of tran 
sistor 15 would become relatively more negative with 
respect to its emitter potential to cause the current flow 
ing out of the collector of transistor 15 and through 
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resistor 19 to increase. As a result, the currents flowing 
through the emitter-base paths and the emitter-collector 
paths of transistors 3 and 14 decrease. That is, the 
resistance of the emitter-collector path of transistor 13 
and the voltage drop across this path increase to cause 
the assumed increase of load voltage to be minimized. 
The regulating circuit also functions to minimize 

changes of load voltage caused by changes of load cur 
rent over a predetermined normal operating range of 
load current. If the resistance of the load is decreased 
to cause an increase of load current, for example, the 
voltage drop in the load circuit, the voltage drop across 
resistor 24, for example, increases to cause the load 
voltage to decrease. As a result, the base of transistor 
15 becomes relatively less negative with respect to its 
emitter potential to cause a decrease of the current flow 
ing from the collector of transistor 15 through resistor 
19. The resistance of the emitter-collector path of tran 
sistor 3 is thus reduced to thereby cause the decrease 
of load voltage to be minimized. 
The load voltage over the normal operating range of 

load current may be increased or decreased by changing 
the setting of the variable tap of potentiometer 22. For 
example, moving the tap of potentiometer 22 so as to 
make its potential relatively more negative will cause 
an increase of the current flowing through the resistor 
19, thereby increasing the voltage drop across the emitter 
collector path of transistor 13 and reducing the load 
voltage. 
When the resistance of the load is decreased suffi 

ciently to cause the load current to increase to an am 
plitude above the predetermined normal operating range 
of load current, the voltage drop across resistor 24 be 
comes larger than the voltage across the portion of poten 
tiometer 25 which is in the emitter-base path of transistor 
6 in series opposition to the voltage across resistor 

24. Under this condition, an increase of load current 
causes an increase of current flowing into the emitter 
and out of the collector of transistor 16 and through 
resistor 19 to the negative terminal of rectifier 10. The 
resistance of the emitter-collector path of transistor 13 
is thus increased to limit the increase of load current 
and to cause the load voltage to decrease. The decrease 
of load voltage will result in a decrease of collector cur 
rent of transistor 15. When the load resistance is suffi 
ciently decreased and the load current reaches a certain 
amplitude, the collector current of transistor 15 will be 
at a minimum amplitude. As the load voltage is fur 
ther reduced, the transistor 15 can not control the cur 
rent through resistor 19 and the resistance of the emitter 
collector path of transistor 13. Under this condition of 
relatively high load current, when the load current in 
creases, for example, the regulating circuit comprising 
transistors 16, 14 and 13 operates to minimize the in 
crease of load current. 
The maximum amplitude of the load current range 

for which the load voltage is maintained substantially 
constant may be increased or decreased by adjusting the 
setting of the variable tap of potentiometer 25. For 
example, moving the tap of potentiometer 25 toward the 
common terminal of resistor 24 and potentiometer 25 
will lower the maximum amplitude of the normal oper 
ating range of load current. 
The current supply circuit of Fig. 2 is similar to the 

current supply circuit of Fig. 1, the corresponding parts 
of the two circuits being designated by the same refer 
ence numerals, but the transistors 13, 14, 15 and 16 are 
n-p-n type transistors in Fig. 2. In Fig. 2 the negative 
output terminal of rectifier 10 is grounded, the emitter. 
collector path of transistor 13 and resistor 24 are con 
nected in series in the path connecting the positive out 
put terminal of rectifier 10 to the positive load terminal 
and the positions of diode 17 and 18 are reversed with 
respect to their position in the circuit of Fig. 1. In 
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4. 
Fig. 2, current flows from the positive output terminal 
of rectifier 10 through the collector-emitter path of tran 
sistor 13, through the resistor 24 and the load 11 to the 
grounded negative terminal of rectifier 10. The circuit 
functions similarly to the circuit of Fig. 1 to maintain 
the load voltage substantially constant over a predeter 
mined operating range of load current and to limit the 
load current when it increases above the normal operat 
ing range. 

If desired, the constant voltage diodes 17 and 18 may 
be connected in separate shunt current paths across the 
load circuit. In Fig. 1, for example, the common ter 
minal of diode 18 and potentiometer 25 may be discon 
nected from resistor 20 and this terminal of resistor 20 
connected to the negative terminal of load 11. The 
common terminal of potentiometer 25 and diode 18 
which has been disconnected is then connected through 
an additional resistor not shown to the grounded terminal 
of rectifier 10. 
What is claimed is: 
1. Apparatus for supplying current from a direct-cur 

rent Supply Source to a load circuit including a load com 
prising a first and a second transistor each having emitter, 
collector and base electrodes, a resistor, means for con 
trolling the current supplied to said load in response to 
the current Supplied to said resistor, means for supplying 
currents from said load circuit through the emitter 
collector paths of said transistors respectively to said re 
Sistor, means for deriving from said load circuit a first 
and a second substantially constant voltage, means for 
impressing upon the emitter-base path of said first tran 
sistor a voltage equal to the difference of a portion at 
least of the load voltage and said first constant voltage, 
and means for impressing upon the emitter-base path of 
Said second transistor a voltage equal to the difference 
of a voltage proportional to the load current and said sec 
ond constant voltage. 

2. Apparatus for supplying current from a direct 
current supply source to a load circuit including a load, 
comprising a first, a second, a third, and a fourth transis 
tor each having an emitter, a collector, and a base, a first 
resistor having a first, and a second terminal connected in 
series in said load circuit, means for connecting the 
emitter-collector path of said first transistor in series with 
said first resistor in said load circuit, means for connect 
ing the base of said first transistor to the emitter of said 
Second transistor, means for connecting the collector of 
said first transistor to the collector of said second transis 
tor, a second resistor in a path connecting the base of 
said second transistor to the collectors of said first and 
second transistors, a shunt current path across said load 
circuit comprising in series and in order a first constant 
voltage device, a third resistor and a second constant 
voltage device, a first terminal of said first resistor being 
connected to a terminal of said second constant voltage 
device, a first voltage dividing resistance path connected 
across said load, means for connecting the base of said 
third transistor to said first voltage dividing path, means 
for connecting the emitter of said third transistor to 
the common terminal of said first constant voltage de 
vice and said third resistor, means for connecting the 
collector of said third transistor to the base of said sec 
ond transistor, means for connecting the collector of said 
fourth transistor to the base of said second transistor, a 
second voltage dividing resistance path connected across 
said second constant voltage device, means for connecting 
the base of said fourth transistor to said second voltage 
dividing path and means for connecting the emitter of said 
fourth transistor to said second terminal of said first 
resistor. 

3. Apparatus for supplying current from a current 
supply source to a load circuit including a load compris 
ing a first and a second transistor each having an emitter, 
a collector and a base, a resistor, a first and a second 
current path for supplying current from said source to 



2,904,742 
5 

said resistor, said first and second current paths com 
prising the emitter-collector paths of said first and second 
transistors respectively, means for deriving from said 
load circuit and impressing upon the emitter-base paths 
of said first and second transistors a first and a second 
control voltage respectively, and means responsive to the 
current Supplied to said resistor for controlling the current 
Supplied to said load. 

4. Apparatus for supplying current from a current 
Supply Source to a load comprising a first, a second, and 
a third transistor each having an emitter, a collector 
and a base, means for connecting the emitter-collector 
path of said first transistor in series with said supply 
source and said load, means for impressing upon the 
emitter-base path of said second transistor a voltage 
which varies in accordance with load voltage changes to 
control a first current supplied from said source through 
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the emitter-collector path of said second transistor, means 
for impressing upon the emitter-base path of said third 
transistor a voltage which varies in accordance with load 
current changes to control a second current supplied 
from said source through the emitter-collector path of 
said third transistor, and means responsive to the sum 
of said first and second currents for controlling the resist 
ance of the emitter-collector path of said first transistor. 
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