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[5 7] v ABSTRACT 

Circuitry for providing a constant current to a load in 
cludes a source of current and a regulating circuit in 
terposed between the current source and the load. 
The regulating circuit includes a current shunting 
transistor coupled to the output of the current source 
and a feedback transistor also coupled to the output of 
the current source and to the base of the current 
shunting transistor. A diode connected between the 
current shunting transistor and the current source is 
chosen to have a dynamic admittance substantially 
equal to the transconductance of the current shunting 
transistor to provide the latter with unity voltage gain. 
A variation in current output of the source is accom 
modated by the current shunting transistor so that a 
substantially constant voltage at the output thereof is 
maintained. An output circuit including a transistor, 
coupled to the output of the current shunting transis 
tor and to the load, and controlled by the output volt 
age, provides a substantially constant current to the 
load despite current variations from the current 

9 Claims, 1 Drawing Figure 

[52] us. c1. ................................. .. 323/4, 323/22 T 
[51] Int. Cl. ............................................ .. G05f 3/08 

[58] Field 61 Search .................... .. 323/4,9, 22 T, 1; 

307/296, 297 

[56] References Cited 
UNITED STATES PATENTS 

3,629,692 12/1971 Goyer ................................... .. 323/4 

3,681,623 8/1972 Hoffman, Jr. et a1. . 323/4 X 
3,648,153 3/1972 Graf .................... .. 323/1 
3,588,672 6/1971 Wilson ................ .. 323/4 

3,303,413 2/1967 Warner, Jr. et a1 ................... .. 323/4 

FOREIGN PATENTS OR APPLICATIONS 
990,309 4/1965 Great Britain ........................ .. 323/4 

Source. 

/6 

l4 





3,777,251 
1 . 

CONSTANT CURRENTREGULATING CIRCUIT 

' BACKGROUND 

This invention relates generally .to circuitry for pro 
viding a constant current output .and more particularly 
to circuitry for regulating such constant current pro 
ducing circuitry. 
Often when it is required to provide a .constant refer 

ence or the like current to a load, such .as, for example, 
an operational ampli?er, the current from the constant 
current source varies,.sometimes because of a variation 
in the voltage powering the constant current source. 
When the latter occurs, the operation of the load can 
be greatly affected. This is especially true when the cur 
rent produced is being used for biasing circuitry in the 
operational amplifier. 
Regulating circuits which attempt to maintain the 

current to the load constant are known in the prior art. 
These circuits, however, are often sensitive to changes 
in the constant current source and therefore introduce 
such things as poor power supply sensitivity which in 
turn affects the current to the load.‘ 

SUMMARY 

Accordingly, it is an object of the present invention 
to provide new and improved circuitry which maintains 
a constant current output for a load. 

It is another object of the present invention to pro 
vide new and improved circuitry for regulating the cur 
rent output from a “constant current source” to main 
tain the current substantially constant to a load. 

It is still another object of the present invention to 
provide circuitry of the above described type which is 
easily adaptable to integrated circuit techniques. 

Briefly, a preferred embodiment of the constant cur 
rent regulating circuitry according to the invention 
comprises a ?rst transistor coupled at the. collector 
thereof to the cathode of a diode and a feedback ar 
rangement including a second transistor, the base of 
which is coupled to the anode of the diode. The emitter 
of the second transistor is coupled to the base of the 
first-mentioned transistor. The dynamic admittance of 
the diode is substantially equal to the transconductance 
of the first transistor so that the voltage ampli?cation 
of the latter‘ is one. The output electrode (collector) of 
the ?rst-mentioned transistor is coupled to the base of 
a third transistor which provides'the regulated, con 
stant reference current to a load. 

A known “constant current source," such as, for ex 
. ample, a field effect transistor (FET) appropriately 
connected, is coupled to the anode of the diode and 
base of the second (feedback) transistor. Any variation 
in the current through the FET, due to variations in the 
power supply powering the latter or due to fabrication 
variations which may cause the FET current to vary 
from unit to unit, are compensated for by the action of 
the current regulating circuitry. In operation, the ?rst 
mentioned transistor shunts varying amounts of cur 
rent, and maintains a substantially constant voltage at 
the output thereof, to in turn maintain a substantially 
constant current flow through the third transistor to the 
load. 

DESCRIPTION OF THE DRAWING 

The single FIGURE of the drawing is a schematic dia 
gram of a preferred embodiment of the constant cur 
rent regulating circuitry according to the invention. 
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DETAILED DESCRIPTION 
Referring now to the single FIGURE of the drawing 

in greater detail, there is illustrated therein current reg 
ulating circuitry according to the invention, designated 
generally by the ‘numeral 10 and outlined in dotted 
lines. The current regulating circuitry 10 is coupled at 
the input 12 thereof to the output 13 of a commonly 
used “constant current source” 14, herein taking the 
form of a ?eld effect transistor (FET) connected to 
produce a constant current output. The PET is pow 
ered from a ?rst voltage source or power supply (not 
shown) connected at point 16. While a “constant cur 
rent source” has been illustrated herein and is pre 
ferred, the current regulating circuit 10' according to 
the invention is operable also wherein the FET is re 
placed by a resistor or like component. 
The output 18 of the current regulating circuit 10 is 

coupled via lead 22 to a load 20. The load is also con 
nected to a voltage source at point 24, normally differ 
ent- than that powering the FET. ' 
The current regulating circuitry 10 includes a diode 

26, the anode or input electrode 28 of which is coupled 
to the constant current source (FET) 14. The cathode 
30 of the diode is connected to the collector 32 of a 
transistor 34. vA second transistor 36 forming a feed 
back stage, is connected at the base 38 thereof to the 
output 13 of ‘the FET circuit source and to the anode 
of diode 26. The collector 40 of transistor 36 is con~ 
nected via lead 39 to the junction 16 and the power 
supply (not shown) supplying the constant current 
source 14. The emitter 42 of transistor 36 is connected 
over lead 44 to the base 46 of transistor 34, as well as 
to ground through a resistor 48. The emitter 50 of tran 
sistor 34 is grounded as well. 
An output stage 52 of the current regulating circuit 

I includes a transistor 54, the base 56 of which is con 
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nected to the output (collector) 32 of transistor 34. 
The collector or output electrode 58 of the transistor 
54 is connected to the load 20 at junction 18 and the 
emitter 60 of the transistor 54 is connected to ground 
through a resistor 62. 
The dynamic admittance of the diode 26 is substan 

tially equal to the transconductance of transistor 34. It 
should be noted that the gain of a transistor is equal to 
the transconductance thereof multiplied by the load re 
sistance or the transconductance divided by the admit 
tance of the load. The transistor thus exhibits a voltage 
ampli?cation of one or unity gain when the admittance 
of the diode is equal to. the transconductance of the 
transistor. In operation, ragardless of the current flow 
ing from the current source FET 14, the voltage sup~ 
plied to the base of transistor 54 is maintained substan 
tially constant. 
Transistor 36, in the feedback path, adjusts the cur‘ 

rent shunted by transistor 34 thereby maintaining the 
voltage at junction 64 substantially constant regardless 
of changes in the supply voltage or variations in the 
FET. The voltage at point 64, however, may vary with 
temperature and/or resistor variations. This variation in 
voltage at junction 64 due to temperature, however, 
compensates for changes in the base-emitter voltage of 
transistor 54, thus producing a constant current at col 
lector 58 thereof. 
For explanatory purposes, it will be assumed that 

load 20 comprises circuitry in an operational ampli?er, 
requiring biasing with a constant reference current. 
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With the regulating circuitry 10 of the invention, the 
latter is insured. Any variation in the current derived 
from the constant current source 14 is compensated for 
by the regulating circuitry, as described, to maintain 
the current at‘ lead 22 substantially constant. 
For example, assuming the current emanating from 

source 14 increases, the latter ?ows through diode 26 
as well as through base 38 of transistor 36_. The in 
creased current in base 38 causes an increase in the 
current flow through emitter 42 of transistor 36. The 
last-mentioned current increase also increases the cur 
rent ?ow through resistor 48 and base 46 of transistor 
34. This increased base current causes an increase in 
the collector current of transistor 34, thereby shunting 
excess current through diode 26 to ground and thus 
maintaining the voltage to the base of transistor 54 sub 
stantially constant. 
Looking at the above from a voltage consideration, 

an increase in current from the FET 14 causes a corre 
sponding voltage increase at junction 66. The latter 
however, due to the feedback transistor 36, also causes 
the voltage at the base of transistor 34 to increase by 
-a like amount. Since transistor 34 has unity gain, the 
voltage at the collector thereof will be reduced by the 
increase in voltage at the base to maintain the voltage 
at junction 64 constant, thus not affecting the current 
flow to the load 20. In addition, the regulating circuitry 
10 which includes only three transistors anda diode, 
can be easily fabricated as an integrated circuit. 
While a particular embodiment of the invention has 

been shown and described, it should be understood that 
the invention is not limited thereto since many modi? 
cations may be made. It is therefore contemplated to 
cover by the present application any and all such modi 
fications as fall within the‘ true spirit and scope of the 
appended claims. 
We claim: 
I. Circuitry for regulating the output current ofa cur 

rent source to provide a substantially constant current 
to a load, the current source being connected to a ref 
erence potential, the improvement comprising: 

a. a junction point; 
b. a P-N semiconductive junction device, connected 

to the current vsource, and oriented to pass current 
to the junction point; 

e. a current shunting semiconductive device having 
a ?rst main electrode connected to the junction 
point, a second main electrode connected to a 
common reference point, and a control electrode, 
the dynamic electrical characteristics of the cur 
rent shunting semiconductor device and the P-N 
junction semiconductive device being equal for 
providing the former with unity gain; 

d. feedback circuit means connected to the connec 
tion between the current source and the P-N junc 

lO 
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tion semiconductive device and the control elec 
trode of the current shunting semiconductive de 
vice for providing the latter with signals representa 
tive of changes in current supplied by the current 
source for maintaining the junction point at a con 
stant voltage; and ' 

e. output circuit means connected to the load and to 
the junction point, responsive to the voltage at the 
junction point, for providing constant current to 
the load. 

2. The circuit of claim 1 wherein the feedback circuit 
means further comprise a semiconductive device hav 
ing a first main electrode connected to the reference 
potential, a control electrode connected to the connec 
tion between the current source and the semiconduc 
tive junction device, and a second main electrode con~ 
nected to the control electrode of the current shunting 

' semiconductive device. 
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3. The circuit of claim 2 wherein the output circuit 
means further comprises a semiconductive device hav 
ing a ?rst main electrode connected to the load, a sec 
ond main electrode electrically coupled to the common 
reference point and a control electrode electrically 
connected to,the junction point. 

4. The regulating circuitry of claim 1 wherein the 
current shunting semiconductive device is a transistor, 
the collector and emitter thereof being the ?rst and 
second main electrodes and the base being the control 
electrode, and wherein the P-N junction semiconduc 
tive device is a diode whose dynamic admittance is sub 
stantially equal to the transconductance of the current 
shunting transistor. 

5. The regulating circuitry of claim 2 wherein the 
feedback semiconductive device is a transistor whose 
collector and emitter are the first and second main 
electrodes and whose base is the control electrode. 

6. The regulating circuitry of claim 3 wherein the 
output circuit semiconductive device is a transistor 
whose collector and emitter are the first and second 
main electrodes and whose base is the control elec 
trode. . 

7. The regulating circuitry of claim 4 wherein the 
feedback semiconductive device is a transistor whose 
collector and emitter are the first and second main 
electrodes and whose base is the control electrode. 

8. The regulating circuitry of claim 5 wherein the 
output circuit semiconductive device is a transistor 
whose collector and emitter are the ?rst and second 
main electrodes and whose base is the control elec 
trode. 

9. Circuitry of the type claimed in claim 8 wherein 
said constant current source comprises a ?eld effect 
transistor connected to provide a relatively constant 
current output. 
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