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4. 

This invention relates to electrical circuits and more 
particularly to circuits for supplying a controlled mag 
nitude of electric current flow from a voltage Source to 
a load. 

it is frequently desirable to supply a constant or other 
wise regulated electric current from a voltage source to 
a load and to have the magnitude of the current unaf 
fected by changes in the load or the voltage source. 
Such a current may be supplied through a suitable regul 
lating circuit in series with a voltage source, with this 
series arrangement being known as a constant current 
Source. For example, in coincident current core memor 
ies it is necessary that precisely controlled half currents 
be applied to the reading and writing windings to assure 
that proper switching occurs at the addressed cores and 
that the half currents which are of necessity applied to 
non-addressed cores be of insufficient magnitude to cause 
undesirable switching of these non-addressed cores. 

it is sometimes desirable to provide current Sources 
in which the magnitude of the current supplied is varied 
in response to an external condition, such as tempera 
ture. While the output current of such circuits is not 
“constant” in a strict sense, the combination of the 
regulating circuit and the voltage source may still be con 
sidered a constant current source in that the magnitude 
of the current supplied is determined fully by the param 
eters of the regulating circuit and is independent of the 
load and the magnitude of the voltage of the Source, at 
least within the operating range of the regulating circuit. 

Such a temperature dependent constant current source 
may find utility in supplying read and write half currents 
to a coincident current magnetic core memory, in which 
the hysteresis characteristics of the magnetic cores are 
quite temperature dependent. Thus, it is desirable to 
supply a higher magnitude of read and write half cur 
rents for lower temperature operation and a lower mag 
nitude of read and write half currents for higher tem 
perature operation. 

Accordingly, it is an object of this invention to pro 
vide an improved constant current source. 

it is another object of this invention to provide a con 
stant current source which may be fabricated from in 
expensive components. 

it is yet another object of this invention to provide a 
constant current source in which the magnitude of the 
current supplied by the source is responsive to tempera 
ille. 

It is yet another object of this invention to provide a 
constant current source in which the magnitude of the 
current supplied by the source is responsive to tempera 
ture and changes inversely with variations in the ten 
perature in the relative amount required by magnetic 
COCS. 

Briefly stated, and in accordance with one erinbodiment 
of the invention, a constant current source is provided 
which includes a first transistor having a constant voltage 
device, such as a Zener diode, connected between its base 
electrode and one terminal of a voltage source. The 
emitter electrode of the first transistor is connected 
through a resistor to the same terminal of the voltage 
source. The Zener diode provides a constant voltage 
across the emitter resistor which is equal to the break 
down voltage of the Zener diode minus the slight voltage 
drop across the emitter-base junction of the first tran 
sistor. This constant voltage across the emitter resistor 
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results in a constant current flow therethrough, with 
a resulting constant emitter current for the first transistor 
and corresponding constant base and collector currents 
for the transistor. A second transistor is provided which 
has its base electrode connected through suitable cir 
cuit means to the collector electrode of the first transistor. 
A Second constant voltage device, such as another Zener 
diode, is connected between the base electrode of the 
Second transistor and an intermediate terminal. The 
emitter electrode of the second transistor is connected 
through an emitter resistor to the intermediate terminal. 
The Second Zener diode provides a constant voltage across 
the emitter resistor of the second transistor and thus 
provides a constant current flow in the emitter circuit 
of the second transistor. A load device to which a con 
stant current is to be supplied is connected between the 
intermediate terminal and the other terminal of the volt 
age SOITCe. 

For a complete understanding of the invention, refer 
ence may be had to the accompanying drawings, in 
which: 
FGURE 1 shows a constant current source constructed 

in accordance with the prior art; 
FGURE 2 shows a constant current source constructed 

in accordance with one embodiment of the present inven 
tion; and 
FIGURE 3 shows a constant current source constructed 

in accordance with a second embodiment of the present 
inventicin. 
The prior art circuit of FIGURE 1 includes a PNP 

transistor E having the usual emitter, base and collector 
electrodes. A Zener diode 2 or other suitable constant 
voltage device is connected between the base electrode 
of transistor 1 and an intermediate terminal 3. The 
emitter electrode of transistor is connected to inter 
mediate terminal 3 through an emitter resistor 4. A re 
sistor 5 connects the base electrode of transistor to the 
negative terminal of a voltage source 6. The collector 
electrode of transistor it is also connected to the negative 
terminal of voltage source 6. The positive terminal of 
voltage source 6 is connected to a point of reference po 
tential, such as ground. A load device 7 to which a 
constant current is to be supplied is connected between 
intermediate terminal 3 and the point of reference po 
tential. 
The constant current source operates as follows: The 

Zeiner diode 2 provides a constant reference voltage be 
tween the base electrode of transistor a and terminal 3. 
In parallel with the zener diode 2, and thus having the 
same consiant voltage in pressed thereacross, is the series 
connection of the emitter-base junction of transistor i 
and emitter resistor 4. Thus, the voltage in pressed upon 
emitter resistor 4 is equal to the breakdown voltage of 
Zener diode 2 minus the voltage drop across the emitter 
base junction of transistor 1. The voltage drop across 
the emitter-base junction of transistor is small in com 
parison to the breakdown voltage of Zener diode 2; for 
example, the breakdown voltage of Zener diode 2 may be 
about 10 volts whereas the voltage drop across the emitter 
base junction of trainsistor E may be about /2 volt. Thus, 
a constant voltage equal essentially to the breakdown 
voltage of Zener diode 2 is impressed across emitter re 
sistor 4, resulting in a constant current flow through the 
emitter resistor 4 equal to the constant voltage impressed 
thereacross divided by the magnitude of the resistor. 
Since emitter resistor 4 is the only circuit element con 
nected to the emitter electrode of transistor 1, the coin 
stant current flowing therein also flows in the emitter 
of transistor 1, and results in constant base and collector 
current flow in transistor . The current flow in emitter 
resistor 4, and thus in each electrode of transistor 1, is 
maintained constant since any attempted change in the 



3,114,872 
3. 

current in emitter resistor 4 results in a corresponding 
change in the voltage therea cross, which is not allowed 
by Zener diode 2. 

It is observed that the total current flowing in load 
device 7 is equal to the sum of the emitter current of tran 
sistor 1 and of the current flowing through Zener diode 2. 
As was previously described, the current flow in the ennit 
ter circuit of transistor 1 is maintained at a substantially 
constant value, but as will now be described, the current 
flowing through Zener diode 2 is subject to fluctuations in 
response to any changes in the magnitude of voltage source 
6. This will be seen when it is considered that the total 
voltage drop across the series circuit of the load device 7, 
the Zener diode 2 and resistor 5 is equal to the magnitude 
of the voltage source 6. Assuming that the current flow 
through load device 7, and thus the voltage drop there 
across, remains constant and considering that the voltage 
drop of Zener diode 2 remains constant, it follows that 
any fluctuations in the magnitude of voltage source 6 
appear directly across resistor 5. These voltage fluctua 
tions result in a corresponding filctuation in the current 
flow in resistor 5. It is seen that the current flow in resis 
tor 5 is equal to the Suan of the base current of transistor 
A and the current flowing through Zener diode 2. As 
was previously described, the base current of trainsistor it 
remains substantially constant and therefore any fluctua 
tions in the current in resistar 5 must result in directly cor 
responding fluctuations in the current in Zener diode 2. 
Since the current supplied to the load device 7 is equal to 
the sum of the emitter current of trainsistor 1 and the 
current flowing through Zener diode 2, these fluctuations 
in current in Zener diode 2 appear directly in the current 
in load device 7. 

Since the current fiowing in Zener diode 2 will be rela 
tively snail in comparison with the emitter current of 
transistor , any fluctuations in the current flow of Zener 
diode 2 may be of simal consequence for many applica 
tions; however, in applications which require precise cur 
rent control, these fluctuations in carrent may be of Such 
a magnitude as to render the constant current source of 
FIGURE 1 unsuitable. For example, these fluctuations 
may be of sufficient magnitude such that the constant 
urrent source of FIGURE 1 cannot be used to supply 
read and write half currents for a coincident current mag 
netic core memory system. 
FIGURE 2 shows a coastant current source constructed 

in accordance with one embodiment of the present in 
vention. The source includes a first NPN transistor 1. 
and a second PNP transistor 21, each having the usual 
emitter, base and collector electrodes. A first Zener 
diode 2 is connected between the base electrode of 
transistor is and the negative terminal of voltage source 
16. A resistor 3 is connected between the emitter elec 
trode of transistor 1 and the negative terminal of voltage 
source 6. The other terminal of voltage source 6 is 
connected to a point of reference potential, such as 
ground. A resistor is connects the base electrode of 
transistor A1 to the point of reference potential. A resis 
tor 5 connects the collector electrode of transistor A1 to 
the base electrode of transistor 23. A second Zeiner diode 
22 connects the base electrode of transistor 21 to an inter 
mediate terminal 23. he series combination of a vari 
able resistor 24 and a fixed resistor 25 connects the emit 
ter electrode of transistor 25 to the intermediate terminal 
23. The load device 26 to which the constant current is to 
be supplied is connected between the intermediate termi 
nal 23 and the point of reference potential. 
The constant current source of FIGURE 2 operates as 

follows: Zener diode 2 provides a constant voltage be 
tween the base electrode of transistor is and the negative 
terminal of voltage source 6 and results in a constant 
voltage being applied to enmitter resistor 13 which is equal 
to the breakdown voltage of Zener diode 12 minus the 
Voitage drop across the emitter-base junction of transistor 
5. This constant voltage across resistor 13 results in a 
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4. 
constant current flow therethrough and a corresponding 
constant emitter current IE11 in transistor E5. This 
further results in a constant base current B11 in transistor 

being equal to the constant emitter current 11 divided 
by the current gain of transistor AS and a constant collec 
tor current c11 in resistor 15 being equal to the constant 
emitter current B11 minus the constant base current B11. 

Zener diode 22 provides a constant voltage between 
the base electrode of transistor 2; and interraediate termi 
nal 23 and a corresponding constant voltage across the 
cries combination of variable resistor 24 and fixed re 

sistor 25 which is equal to a breakdown voltage of Zener 
diode 22 minus the voltage drop across the emitter-base 
junction of transistor 23. Resistor 24 is made variable 
to compensafe for slight variations in the voltage drop 
across the emitter-base junction of transistor 2 which 
occur from transistor to transistor so that the circuit 
always supplies a fixed current regardless of the charac 
teristics of individual components used. The constant 
voltage impressed across resistors 23 and 24 results in a 
constant current fow therethrough which is the emitter 
current E21 of transistor 21. This constant emitter cur 
rent results in a constant base current IB21 being equal to 
the constant enjitter current a divided by the current 
gain of transistor 21 and in a constant collector current 
Ic21 being equal to the constant emitter current lice minus 
the coastant base current B21. 

It is observed that the constant collector current ic 
of transistor A is equal to the sum of the base current 
IB21 of transistor 25 and the current Iza through Zener 
diode 22. Since the current ic11 and p21 are both con 
stant, it follows that the current 222 through Zener diode 
22 must also be constant. It is further cbserved that 
the current IL26 in the load device 26 is equal to the sum 
of the eiiiitter current E of transistor 22 and of the 
current Izza through Zeiner diode 22, both of which cur 
rents are constant. it therefore follows that the current 
IL26 through load device 26 is also constant. Thus, in 
accordance with the present invention, fuctuations in the 
Zoner diode current flowing in the load are prevented. 

it is seen that the voltage appearing across resistor 4 
is equal to the voltage of source 6 minus the constant 
Voltage drop across Zener diode 2 and thus any fluctua 
tions in the magnitude of voltage source 26 appear directly 
across resistor i4, and effect a corresponding variation in 
the current R14 flowing therethrough. This fluctuation 
of current also appears directly in the current Iza flowing 
through Zener diodes 12, since this current is equal to 
clirrent Ir4 minus the constant current 11. However, 
it is observed that this current forms no part of the cur 
rent IL26 flowing through load member 26 and thus any 
fluctuations in current in resistor 4 and zener diode 12 
have no adverse effect on the operation of the circuit of 
FIGURE 2 as a constant current source. 

It is further observed that the current flowing through 
transistor it is equal to the sum of the base current IB21 
of transistor 21 and the current Iza through Zener diode 
22, with this sum being considerably less than the emitter 
Current E21 of transistor 21. Thus, in accordance with 
another feature of the invention, a relatively inexpensive 
low power NPN transistor S1 is utilized to controla rela 
tively inexpensive high power PNP transistor 21 to Supply 
a constant current of relatively large magnitude without 
the use of any relatively expensive high power NPN 
transistors. 

In some applications, it is desirable to provide a con 
Stant current source from which the magnitude of “con 
stant current Supplied remains constant, regardless of 
the nature of the load and the magnitude of the voltage 
Source, but which varies in response to variations in some 
Xternal condition, such as temperature. Such a current 
Source still meets the definition of a constant current 
Source in that the magnitude of the current supplied is 
controlled by the parameters of the circuit itself, and 
not of the load or voltage source. Such circuits may find 
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application, for example, in providing read and write 
half currents to a coincident current magnetic core mem 
Ory, in which the hysteresis characteristics of the mag 
netic cores change noticeably with small changes in tem 
perature. In Such applications, it is desirable to have 
lower Values of current for higher temperatures and 
higher values of current for lower temperatures. 
FIG URE 3 shows a constant current source con 

structed in accordance with a second embodiment of the 
present invention in which the magnitude of current sup 
plied to the load decreases with increasing temperature 
and increases with decreasing temperature. The circuit is 
similar to that shown and described in FIGURE 2 with 
the addition of a thermistor 27 in series with Zener diode 
22. The same reference numerals and letters are used 
to identify the corresponding components and currents 
in the circuits of FIGURES 2 and 3. 
The operation of the circuit of FIGURE 3 is as foll 

lows: When operating at constant temperature, the re 
sistance of thermistor 27 remains constant and the oper 
ation of the circuit is similar to that described in FG 
URE 2, with the exception that the constant voltage now 
being impressed upon the series resistors 24 and 25 is 
now equal to the sum of the breakdown voltage of Zener 
diode 22 plus the voltage drop appearing across ther 
mistor 27 minus the voltage drop appearing across the 
emitter-base junction of transistor 2A. An increase in 
temperature decreases the resistance of thermistor 27, as 
is well known to those skilled in the art, and results in 
a corresponding decrease in the voltage drop thereacross 
since the current flow therethrough, Iz22, is maintained 
relatively constant. This decrease in the voltage drop 
across thermistor 27 appears directly across the Series 
resistors 23 and 24 and results in a corresponding de 
crease in the current flow IE1 therethrough. This de 
crease in emitter current of transistor 22 results in a much 
slighter decrease in the base current B21 of transistor 21 
and a corresponding slighter increase in current Izag, 
since the sum of these two currents is held constant by 
transistor 1. Thus, the increase in temperature results 
in a net decrease in the Sunn of currents E21 and z22, 
which is equal to the current 26 in load device 26. In 
a similar manner, a decrease in tenerature increases the 
resistance of thermistor 27 and results in a correspond 
ing increase in voltage drop thereacross which causes an 
increase in the voltage drop across resistors 24 and 25 
and a corresponding increase in the emitter current IE21 
of transistor 2E and in the load current 26 Supplied to 
load device 26. Thus, thermistor 27 effects a decrease 
in current supplied to load device 26 with increases in 
temperature and an increase in current supplied to load 
device 26 with decreases in temperature. 
When the current source of FIGURE 3 is used to Sup 

ply current to a coincident current magnetic core mem 
ory, the parameters of thermistor 27 are determined by 
the hysteresis characteristics of the magnetic cores which 
form the load elements of load device 26. However, 
thermistor 27 may also be chosen to compensate for the 
variations in characteristics of transistor 21, Zener diode 
22 and resistors 24 and 25 with temperature, as Well as 
the variations in characteristics of load device 26. Given 
the temperature characteristics of these components, a 
single thermistor can be selected to compensate for any 
temperature variations so as to supply the desired level 
of current to load device 25. 
While the principles of the invention have now been 

made clear in illustrative embodiments, there will be 
immediately obvious to those skilled in the art many 
modifications in structure, arrangement, proportions, the 
elements, materials, and components used in the practice 
of the invention, and otherwise, which are particularly 
adapted for specific environment and operating require 
ments, without departing from those principles. The 
appended claims are therefore intended to cover and em 
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6 
brace any Such modifications within the limits only of 
the true spirit and scope of the invention. 
What is claimed is: 
1. A current Source for supplying a controlled value 

of electrical current flow to a load, comprising, a voltage 
source having first and second terminais, first and second 
semiconductors each having an input electrode and two 
output electrodes, a first constant voltage device con 
nected between the input electrode of said first semicon 
ductor and the first terminal of said voltage source, a first 
resistance connected between one of the output electrodes 
of Said first semiconductor and the first terminal of said 
voltage source, circuit means connecting the other output 
electrode of said first semiconductor to the input elec 
trode of said second semiconductor, an interinnediate ter 
minal, a second constant voltage device connected be 
tween the input electrode of said second semiconductor 
and said intermediate terminal, a second resistance con 
nected between one of the output electrodes of said Sec 
ond semiconductor and said intermediate terminal, and 
circuit means serially connecting the second terminal of 
said voltage source and said intermediate terminal with 
a load. 

2. A current source for supplying a controlled value 
of electrical current flow to a load, comprising, a voltage 
source having first and second terminals, first and Second 
transistors each having an input electrode and two output 
electrodes, a first Zener diode connected between the input 
electrode of Said first transistor and the first terminal of 
said voltage source, a first resistance connected between 
one of the output electrodes of said first transistor and the 
first terminal of said voltage source, circuit means con 
necting the other output electrode of said first transistor 
to the input electrode of said second transistor, an inter 
mediate terminal, a second Zener diode connected between 
the input electrode of said second transistor and said in 
termediate terminal, a second resistance connected be 
tween one of the output electrodes of said second tran 
sistor and said intermediate terminal, and circuit means 
serially connecting the second terminal of said voltage 
Source and said intermediate terminal with a load. 

3. A current source for supplying a controlled value 
of electrical current flow to a load, comprising, a voltage 
Source having first and second terminals, first and second 
transistors each having an emitter electrode, a base elec 
trode, and a collector electrode, a first Zener diode con 
nected between the base electrode of said first transistor 
and a first terminal of said voltage source, a first resis 
tance coinected between the emitter electrode of said 
first transistor and the first terminal of said voltage source, 
circuit means connecting the collector electrode of said 
first transistor to the base electrode of said second tran 
Sistor, an intermediate terminal, a second Zener diode con 
nected between the base electrode of said second transistor 
and said intermediate terminal, a second resistance con 
lected between the emitter electrode of said second tran 
Sistor and said intermediate terminal, and circuit means 
Serially connecting the second terminal of said voltage 
Source and said intermediate terminal with a load. 

4. A current source for supplying a controlled value 
of electrical current flow to a load, comprising, a voltage 
Source having first and second terminals, first and second 
transistors each having an emitter electrode, a base elec 
trode and a collector electrode, a first Zeiner diode con 
nected between the base electrode of said first transistor 
and the first terminal of said voltage source, a first re 
sistance connected between the emitter electrode of said 
first transistor and the first terminal of said voltage source, 
circuit means connecting the collector electrode of said 
first transistor to the base electrode of said second tran 
sistor, an intermediate terminal, a second Zener diode con 
nected between the base electrode of said second transistor 
and said intermediate terminal, variable resistance means 
connected between the emitter electrode of said second 
transistor and said intermediate terminal, circuit means 
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connecting the collector electrode of said second trail 
sistor with the first terminal of said voltage Source, and 
circuit means serially connecting the second terminal of 
said voltage source and said intermediate terminal with 
a load. 

5. The current source of claim 4 in which said first 
and second transistors are of opposite types of conduc 
tivity. 

6. The current source of claim 5 in which said first 
transistor is an NPN transistor and said second transistor 
is a PNP transistor. 

7. A current source for supplying a controlled value 
of electrical current flow to a load, comprising, a voltage 
source having first and second terminals, first and Second 
semiconductors each having an input electrode and two 
output electrodes, a first constant voltage device con 
nected between the input electrode of said first Semi 
conductor and the first terminal of Said voltage Source, a 
first resistance connected between one of the output elec 
trodes of said first seniconductor and the first terminal cf 
said voltage source, circuit means connecting the other 
output electrode of said first semiconductor to the input 
electrode of said second semiconductor, an intermediate 
terminal, a second constant voltage device and a tempera 
ture responsive element serially connected between the 
input electrode of said second semiconductor and said in 
termediate terminal, a second resistance connected be 
tween one of the output electrodes of said second semi 
conductor and said intermediate terminal, and circuit 
means serially connecting the second terminal of said 
voltage source and said intermediate terminal with a load. 

8. A current source for supplying a controlled value of 
electrical current flow to a load, comprising, a voltage 
Source having first and second terminals, first and second 
transistors each having an input electrode and two output 
electrodes, a first Zener diode connected between the in 
put electrode of said first transistor and the first terminal 
of said voltage source, a first resistance connected be 
tween one of the output electrodes of said first transistor 
and the first terminal of said voltage source, circuit means 
connecting the other output electrode of said first tran 
sistor to the input electrode of said second transistor, an 
intermediate terminal, a second Zener diode and a ther 
mistor Serially connected between the input electrode of 
said Second transistor and said intermediate terminal, 
a second resistance connected between one of the output 
electrodes of said Second transistor and said interinediate 
terminal, and circuit means serially connecting the second 
terminal of said voltage source and said intermediate ter 
minal with a load. 

9. A current source for supplying a controlled value 
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8 
of electrical current flow to a load, comprising, a voltage 
source having first and second terminals, first and Second 
transistors each having an emitter electrode, a base elec 
trode, and a collector electrode, a first Zener diode con 
nected between the base electrode of said first transistor 
and the first terminal of said voltage source, a first resis 
tance connected between the emitter electrode of said 
first transistor and the first terminal of said voltage source, 
circuit means connecting the collector electrode of Said 
first transistor to the base electrode of said second tran 
sistor, an intermediate terminal, a second Zener diode 
and a thermistor serially connected between the base 
electrode of said second transistor and said intermediate 
terminal, a second resistance connected between the emit 
ter electrode of said second transistor and said intermedi 
ate terminal, and circuit means Serially connecting the 
second terminal of said voltage source and said inter 
mediate terminal with a load. 

10. A current source for supplying a controlled value 
of electrical current flow to a load, comprising, a voltage 
source having first and second terminals, first and second 
transistors each having an emitter electrode, a base elec 
trode, and a collector electrode, a first zeiner diode con 
nected between the base electrode of Said first transistor 
and the first terminal of said voltage source, a first resis 
tance connected between the emitter electrode of said first 
transistor and the first terminal of said voltage source, 
circuit means connecting the collector electrode of said 
first transistor to the base electrode of said second tran 
sistor, an intermediate terminal, a second Zener diode and 
a thermistor serially connected between the base electrode 
of said second transistor and said intermediate terminal, 
variable resistive means connected between the emitter 
electrode of said second transistor and said intermediate 
terminal, circuit means connecting the collector electrode 
of Said second transistor to the first terminal of said volt 
age Source, and circuit means serially connecting the 
Second terminal of said voltage source and said inter 
mediate terminal with a load. 

11. The current source of claim 10 in which said first 
and Second transistors are opposite types of conductivity. 

12. The current source of claim 11 in which the first 
transistor is a NPN transistor and said second transistor 
is a PNP transistor, 
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