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57 ABSTRACT 
An apparatus capable of acting as a current-limited 
voltage source or a voltage-limited current source is 
disclosed. The output of the apparatus is provided by a 
differential amplifier. The current and voltage outputs 
are compared to positive and negative current and volt 
age limits. Depending on whether the apparatus is in the 
voltage mode or the current mode, the inverting input 
of the differential amplifier is clamped to the appropri 
ate voltage or current comparison signal, respectively, 
to provide an error signal to the differential amplifier. 
This clamping is current limited so that if the output 
current limits are exceeded while in the voltage source 
mode, a clamp to one of the current comparison signals 
occurs and dominates the voltage clamp. Similarly, if 
the output voltage limits are exceeded while in the 
current source mode, a clamp to one of the voltage 
comparison signals occurs and dominates the current 
clamp. To enable a voltage or current source limit to be 
set at zero, the opposite polarity limit is offset slightly to 
avoid contention should it also be set near zero. 

7 Claims, 1 Drawing Sheet 
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CONTROL FOR WOLTAGE/CURRENT SOURCE 
WITH CURRENT/VOLTAGE LIMITING 

BACKGROUND OF THE INVENTION 

The present invention relates to a control circuit for 
a combination voltage and current source that is current 
limited in the voltage source mode and voltage limited 
in the current source mode. 

In various applications, it is often required to have a 
voltage source operating at given voltage unless certain 
current limits are exceeded. Such voltage sources, for 
example, allow the testing of various circuits and com 
ponents while minimizing the chance of damage to 
either the item under test or the voltage source. 

Similarly, it is often required to have a current source 
operating at a given current unless certain voltage limits 
are exceeded. 

Rather than having both a voltage source and a cur 
rent source, it is useful to have one apparatus that can 
act as a current-limited voltage source or a voltage 
limited current source. 
However, such an apparatus must be able to control 

all four possible quadrants of operation. It must be able 
to handle positive or negative voltage in combination 
with positive or negative current. Voltage and current 
of opposite polarity can occur if the device connected 
to the apparatus can also act as a source of current or 
voltage. This may be no more than, for example, a ca 
pacitive load connected to the apparatus when the 
value of the voltage source is lowered, the capacitor 
seeking to discharge its then excess charge through the 
apparatus. 

In addition, in many applications it is desirable to 
utilize a zero voltage source or a zero current source. 
This can effectively collapse the four quadrants into to 
what can easily become an unstable configuration. Near 
zero, the control circuitry may be unable to determine 
the correct polarity of signals for proper control. 

SUMMARY OF THE INVENTION 

The present invention provides an electrical appara 
tus capable of acting as a current-limited voltage source 
or a voltage-limited current source. 
The apparatus includes a differential amplifier having 

an inverting input and an output, and a current sensing 
means adapted to sense current from the output. 
Also included is a positive current reference, a first 

current comparator adapted to compare the output 
current and the positive current reference and to pro 
vide a first signal indicative thereof, a first clamp re 
sponsive to the first signal and connected to the invert 
ing input, a negative current reference, a second current 
comparator adapted to compare the output current and 
the negative current reference and provide a second 
signal indicative thereof, and a second clamp responsive 
to the second signal and connected to the inverting 
input. 

In addition, the apparatus includes a voltage sensing 
means adapted to sense voltage at the output. 
Also included is a positive voltage reference, a first 

voltage comparator adapted to compare the output 
voltage and the positive voltage reference and provide 
a third signal indicative thereof, a third clamp respon 
sive to the third signal and connected to the inverting 
input, a negative voltage reference, a second voltage 
comparator adapted to compare the output voltage and 
the negative voltage reference and provide a fourth 
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2 
signal indicative thereof, and a fourth clamp responsive 
to the fourth signal and connected to the inverting in 
put. 
When the apparatus is acting as a positive voltage 

source, the third clamp clamps the inverting input to the 
third signal except that if the output current exceeds 
either the positive or negative reference current the first 
or second clamp, respectively, will dominantly clamp 
the inverting input to the first or second signal, respec 
tively. 
When the apparatus is acting as a negative voltage 

source, the fourth clamp clamps the inverting input to 
the fourth signal except that if the output current ex 
ceeds either the positive or negative reference current 
the first or second clamp, respectively, will dominantly 
clamp the inverting input to the first or second signal, 
respectively. 
When the apparatus is acting as a positive current 

source, the first clamp clamps the inverting input to the 
first signal. except that if the output voltage exceeds 
either the positive or negative reference voltage the 
third or fourth clamp, respectively, will dominantly 
clamp the inverting input to the third or fourth signal, 
respectively. 
When the apparatus is acting as a negative current 

source, the second clamp clamps the inverting input to 
the second signal except that if the output voltage ex 
ceeds either the positive or negative reference voltage 
the third or fourth clamp, respectively, will dominantly 
clamp the inverting input to the third or fourth signal, 
respectively. 

In this way the apparatus is able to operate in any of 
the four current/voltage quadrants. Control of the out 
put is maintained irrespective of the characteristics of 
the load connected to the apparatus. 

In the preferred embodiment, the second and fourth 
signals are offset positively when the apparatus is acting 
as a positive voltage source or a positive current source, 
and the first and third signals are offset negatively when 
the apparatus is acting as a negative voltage source or a 
negative current source. 

Biasing the signals in this way makes it possible to set 
the current to zero when the apparatus is acting as a 
current source, or the voltage to zero when the appara 
tus is acting as a voltage source. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE is a schematic diagram of an apparatus 
according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the FIGURE, an apparatus 10 according 
to the invention is shown. 
The noninverting input of a differential amplifier 12 is 

connected to a common tie 14. The output of the ampli 
fier 12 is connected to the noninverting input of a differ 
ential amplifier 16 and to the first terminal of a current 
sensing resistor 18. The second terminal of the resistor 
18 is connected to the output terminal 20 of the appara 
tus 10, to the inverting input of the amplifier 16, and to 
the noninverting input of a differential amplifier 24. 
The output terminal 20 is connected to the first termi 

nal of a load 22. The second terminal of the load 22 is 
connected to the common tie 14. 
The output of the amplifier 24 is connected to its 

inverting input, to the first terminal of a resistor 26 and 
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to the first terminal of a resistor 28. The second terminal 
of the resistor 28 is connected to the noninverting input 
of a differential amplifier 30, to the first terminal of a 
resistor 32, and to the first terminal of a resistor 34. 
The second terminal of the resistor 34 is connected to 

the positive terminal of an adjustable voltage source 36. 
The negative terminal of the voltage source 36 is con 
nected to the common tie 14. 
The second terminal of the resistor 32 is connected to 

the cathode of a diode 38. The anode of the diode 38 is 
connected to the cathode of a diode 40, to the anode of 
a diode 42, to the cathode of a diode 44, and to the 
output of an inverter 46. 
The anode of the diode 40 is connected to the first 

terminal of a resistor 48. The second terminal of the 
resistor 48 is connected to the second terminal of the 
resistor 28, the first terminal of a resistor 50, and the 
noninverting input of a differential amplifier 52. The 
second terminal of the resistor 50 is connected to the 
negative terminal of an adjustable voltage source 54. 
The positive terminal of the voltage source 54 is con 
nected to the common tie 14. 
The cathode of the diode 42 is connected to the first 

terminal of a resistor 56. The second terminal of the 
resistor 56 is connected to the first terminal of the resis 
tor 58, the first terminal of a resistor 60, and the nonin 
verting input of a differential amplifier 62. 
The second terminal of the resistor 58 is connected to 

the positive terminal of an adjustable voltage source 64. 
The negative terminal of the voltage source 64 is con 
nected to the common tie 14. 
The second terminal of the resistor 60 is connected to 

the output of the amplifier 16 and to the first terminal of 
a resistor 66. The second terminal of the resistor 66 is 
connected to the first terminal of a resistor 68, the first 
terminal of a resistor 70, and the noninverting input of a 
differential amplifier 72. 
The differential amplifiers 12, 16, 24, 30, 52, 62, 72 

may be, for example, one or more operational amplifi 
S. 

The second terminal of the resistor 68 is connected to 
the anode of the diode 44. The second terminal of the 
resistor 70 is connected to the negative terminal of an 
adjustable voltage source 74. The positive terminal of 
the voltage source 74 is connected to the common tie 
14. 
A polarity reference voltage VR is connected to the 

input of the inverter 46 and to the first terminal of a 
resistor 76. 
The output of the amplifier 30 is connected to the 

cathode of a diode 78. The anode of the diode 78 is 
connected to the cathode of a current regulator diode 
80 and to the first terminal of a switch 82. 
The output of the amplifier 52 is connected to the 

anode of a diode 84. The cathode of the diode 84 is 
connected to the anode of a current regulator diode 86 
and to the first terminal of a switch 88. 
The output of the amplifier 62 is connected to the 

cathode of a diode 90. The anode of the diode 90 is 
connected to the cathode of a current regulator diode 
92 and to the first terminal of a switch 94. 
The output of the amplifier 72 is connected to the 

anode of a diode 96. The cathode of the diode 96 is 
connected to the anode of a current regulator diode 98 
and to the first terminal of a switch 100. 
The current regulator diodes 80, 86, 92, 98 may be, 

for example, Siliconix CR430 current regulator diodes. 
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4. 
The inverting input of the amplifier 12 is connected to 

the inverting input of the amplifier 30, the inverting 
input of the amplifier 52, the inverting input of the 
amplifier 62, the inverting input of the amplifier 72, the 
second terminal of the resistor 76, the anode of the 
current regulator diode 80, the second terminal of the 
switch, 82, the cathode of the current regulator diode 
86, the second terminal of the switch 88, the anode of 
the current regulator diode 92, the second terminal of 
the switch 94, the cathode of the current regulator 
diode 98, and the second terminal of the switch 100. 

In operation, the amplifier 12 provides voltage and 
current to the load 22. 

Current to the load 22 passes through the resistor 18. 
This produces a voltage across the inputs of the ampli 
fier 16. The output of the amplifier 16 is a voltage, Vio, 
that is therefore representative of the current to the load 
22. The combination of the resistor 18 and the amplifier 
16 thus acts as a current sensor for the output of the 
apparatus 10. 
The voltage at the output terminal 20, VO, is applied 

to the noninverting input of the amplifier 24. Because 
the output of the amplifier 24 is fed back to its inverting 
input, the output of the amplifier 24 is simply Vo. The 
amplifier 24 serves as a buffer between the output termi 
nal 20 and the output of the amplifier 24. The amplifier 
24 acts as a voltage sensor for the output of the appara 
tus 10. 
The output of the amplifier 24 is applied to the volt 

age-dividing network of the resistors 26, 34 and to the 
voltage-dividing network of the resistors 28, 50. 
The voltage, Vyh, from the voltage source 36 is 

applied to the other end of the voltage-dividing net 
work of the resistors 26, 34. This serves to compare Vo 
to Vyt. If, for example, the resistors 26, 34 are equal, a 
negative signal will be applied to the noninverting input 
of the amplifier 30 if Vo is less than - Vy (except as 
described below). 

If the voltage at the noninverting input of the ampli 
fier 30 is negative, the diode 78 will conduct and pro 
vide an error signal to the inverting input of the ampli 
fier 12 either through the current regulator diode 80 or, 
if closed, the switch 82. Because in this case the output 
of the amplifier 30 is fed back to its inverting input, the 
amplifier 30 will attempt to clamp the error signal to the 
signal from the network of the resistors 26, 34. 
The error signal to the amplifier 12 will keep Vofrom 

going any further negative than - Vyt. The voltage, 
-Vw, is thus the negative voltage limit on Vo. 
On the other hand, if the voltage at the noninverting 

input of the amplifier 30 is positive, the diode 78 will 
block any output from the amplifier 30. 

Similarly, the voltage, Vy, from the voltage source 
54 is applied to the other end of the voltage-dividing 
network of the resistors 28, 50. This serves to compare 
Vo to Vy. If, for example, the resistors 28, 50 are 
equal, a positive signal will be applied to the noninvert 
ing input of the amplifier 52 if Vo is greater than 
-Vyt (except as described below). 

If the voltage at the noninverting input of the ampli 
fier 52 is positive, the diode 84 will conduct and provide 
an error signal to the inverting input of the amplifier 12 
either through the current regulator diode 86 or, if 
closed, the switch 88. Because in this case the output of 
the amplifier 52 is fed back to its inverting input, the 
amplifier 52 will attempt to clamp the error signal to the 
signal from the network of the resistors 28, 50. 
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The error signal to the amplifier 12 will keep Vofrom 
going any further positive than - Vy. The voltage, 
-Vy, is thus the positive voltage limit on Vo. 
On the other hand, if the voltage at the noninverting 

input of the amplifier 52 is positive, the diode 84 will 
block any output from the amplifier 52. 

In the same way, the voltage, VIO, (which is repre 
sentative of the current to the load 22) is compared to 
the voltage, VI, of the voltage source 64 and the volt 
age, VI, of the voltage source 74. If, for example, the 
amplifier 16 has unity gain, the amplifier 62 will attempt 
to clamp the error signal to the signal from the voltage 
dividing network of the resistors 58, 60 if Vo is less 
than -VI. This corresponds to limiting the current to 
the load 22 to less than a negative current, -VI/R, 
where R is the resistance of the resistor 18. 

Similarly, the amplifier 72 will attempt to clamp the 
error signal to the signal from the voltage-dividing 
network of the resistors 66, 70 if Vro is greater than 
-Vr. This corresponds to limiting the current to the 
load 22 to less than a positive current, -VI/R. 
To insure that the output of the apparatus 10 is oper 

ating at at least one of the voltage or current limits 
(-Vv, -Vy-, -Vrt/R, or -VI/R), a slight bias 
voltage is applied to the error signal at the inverting 
input of the amplifier 12 by the polarity reference signal 
VR. If VR is negative, the output of the apparatus 10 
will, in general, be at one of the positive limits, -V. 
or -VI/R. If VR is positive, the output of the appara 
tus 10 will, in general, be at one of the negative limits, 
-Vvt or -VI/R. As a result, the polarity of VR 
determines the nominal output polarity of the apparatus 
10. 
The switches 82, 88, 94, 100 determine whether the 

current limits or the voltage limits will dominate in 
cases of contention. 

If the apparatus 10 is to operate as a current-limiting 
voltage source, the switches 94, 100 are closed and the 
switches 82, 88 are open. Then, as long as the current 
output of the apparatus 10 is less than the limits, 
-Vrt/R or -VI/R, either the amplifier 30 or the 
amplifier 52 will provide the error signal to the ampli 
fier 12 through the current regulator diode 80 or the 
current regulator diode 86, respectively. However, if 
the currents, -VI/R or -Vr/R, are exceeded, the 
amplifier 62 or the amplifier 72, respectively, will pro 
vide an error signal to the amplifier 12 directly through 
the switch 94 or the switch 100, respectively. Because 
the voltage error signals are limited by the current regu 
lator diodes 80, 86, the current error signals will domi 
nate. 

Similarly, if the apparatus 10 is to operate as a volt 
age-limiting current source, the switches 94, 100 are 
open and the switches 82, 88 are closed. Then, as long as 
the voltage output of the apparatus 10 is less than the 
limits, -Vy- or -Vy, either the amplifier 62 or the 
amplifier 72 will provide the error signal to the ampli 
fier 12 through the current regulator diode 92 or the 
current regulator diode 98, respectively. However, if 
the voltages, -V.vt or -Vy, are exceeded, the am 
plifier 30 or the amplifier 52, respectively, will provide 
an error signal to the amplifier 12 directly through the 
switch 82 or the switch 88, respectively. Because the 
current error signals are limited by the current regula 
tor diodes 92, 98, the voltage error signals will domi 
nate. 
The polarity reference voltage, VR, is also inverted 

and applied to the diodes 38, 40, 42, 44. This has the 
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6 
effect of slightly offsetting the signals to the noninvert 
ing inputs of amplifiers 30, 62 positively when VR is 
negative and of slightly offsetting the signals to the 
noninverting inputs of the amplifiers 52, 72 negatively 
when VR is positive. 
This allows the voltage sources 54, 70 to be set to 

zero, if desired, when the apparatus 10 is acting as a 
positive source and the voltage sources 36, 64 to be set 
to zero, if desired, when the apparatus 10 is acting as a 
negative source. 
Without this bias, the non-ideal nature of the compo 

nents, particularly offset in the amplifiers, could result 
in both the amplifier 62 and the amplifier 72 or both the 
amplifier 30 and the amplifier 52 trying to control the 
amplifier 12, resulting in a loss of control of the output 
of the apparatus 10. 
The apparatus 10 is able to operate in any of the four 

current/voltage quadrants. Control of the output of the 
apparatus is maintained irrespective of the characteris 
tics of the load 12 connected to the apparatus 10, or 
how the voltage sources 36, 50, 64, 74 (limits) are varied 
during the operation of the apparatus 10. In addition, 
the apparatus may be operated as a zero voltage source 
Or a Zero Current SOurce. 

It should be evident that this disclosure is by way of 
example and that various changes may be made by 
adding, modifying or eliminating details without de 
parting from the fair scope of the teaching contained in 
this disclosure. The invention is therefore not limited to 
particular details of this disclosure except to the extent 
that the following claims are necessarily so limited. 
What is claimed: 
1. An electrical apparatus capable of acting as a cur 

rent-limited voltage source or a voltage-limited current 
source, said apparatus comprising: 

a differential amplifier having an inverting input and 
an output; 

a current sensing means adapted to sense current 
from said output; 

a positive current reference; 
a first current comparator adapted to compare said 

output current and said positive current reference 
and to provide a first signal indicative thereof; 

a first clamp responsive to said first signal and con 
nected to said inverting input; 

a negative current reference; 
a second current comparator adapted to compare said 

output current and said negative current reference 
and provide a second signal indicative thereof; 

a second clamp responsive to said second signal and 
connected to said inverting input; 

a voltage sensing means adapted to sense voltage at 
said output; 

a positive voltage reference; 
a first voltage comparator adapted to compare said 

output voltage and said positive voltage reference 
and provide a third signal indicative thereof; 

a third clamp responsive to said third signal and con 
nected to said inverting input; 

a negative voltage reference; 
a second voltage comparator adapted to compare 

said output voltage and said negative voltage refer 
ence and provide a fourth signal indicative thereof; 
and 

a fourth clamp responsive to said fourth signal and 
connected to said inverting input, wherein when 
said apparatus is acting as a positive voltage Source 
said third clamp clamps said inverting input to said 
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third signal except that if said output current ex 
ceeds either said positive or negative reference 
current said first or second clamp, respectively, 
will dominantly clamp said inverting input to said 
first or second signal, respectively, wherein when 
said apparatus is acting as a negative voltage source 
said fourth clamp clamps said inverting input to 
said fourth signal except that if said output current 
exceeds either said positive or negative reference 
current said first or second clamp, respectively, 
will dominantly clamp said inverting input to said 
first or second signal, respectively, wherein when 
said apparatus is acting as a positive current source 
said first clamp clamps said inverting input to said is 
first signal except that if said output voltage ex 
ceeds either said positive or negative reference 
voltage said third or fourth clamp, respectively, 
will dominantly clamp said inverting input to said 
third or fourth signal, respectively, and wherein 20 
when said apparatus is acting as a negative current 
source said second clamp clamps said inverting 
input to said second signal except that if said output 
voltage exceeds either said positive or negative 
reference voltage said third or fourth clamp, re- 25 
spectively, will dominantly clamp said inverting 
input to said third or fourth signal, respectively. 

2. An apparatus according to claim 1, wherein a nega 
tive bias voltage is applied to said inverting input to 
cause said apparatus to act as either said positive current 30 
source or said positive voltage source, and a positive 
bias voltage is applied to said inverting input to cause 
said apparatus to act as either said negative current 
source or said negative voltage source. 

3. An apparatus according to claim 1, wherein said 
clamps have a selectable normal output and a selectable 
current-limited output, said normal outputs of said first 
and second clamps and said current-limited outputs of 
said third and fourth clamps being selected when said 40 
apparatus is acting as said voltage source and said cur 
rent-limited outputs of said first and second clamps and 
said normal outputs of said third and fourth clamps 
being selected when said apparatus is acting as said 
current Source. 45 

4. An apparatus according to claim 3, wherein said 
first clamp clamps in response to said first signal being 
positive, said second clamp clamps in response to said 
second signal being negative, said third clamp clamps in 
response to said third signal being positive, and said 50 
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8 
fourth clamp clamps in response to said fourth signal 
being negative. 

5. An apparatus according to claim 4, wherein said 
second and fourth signals are offset positively when said 
apparatus is acting as said positive voltage source or 
said positive current source, and said first and third 
signals are offset negatively when said apparatus is act 
ing as said negative voltage source or said negative 
current Source. 

6. A method for controlling an electrical apparatus 
capable of acting as a current-limited voltage source or 
a voltage-limited current source, said apparatus having 
a differential amplifier having an inverting input and an 
output, said method comprising: 
comparing the current from said output to a positive 

current reference to provide a first difference sig 
nal; 

comparing the current from said output to a negative 
current reference to provide a second difference 
signal; 

comparing the voltage at said output to a positive 
voltage reference to provide a third difference 
signal; 

comparing the voltage at said output to a negative 
voltage reference to provide a fourth difference 
signal; 

if said apparatus is acting as a positive or negative 
voltage source, clamping said inverting input to 
said third or fourth difference signal, respectively, 
and if the output current exceeds either said posi 
tive current reference or said negative current ref. 
erence, dominantly clamping said inverting input 
to said first or second difference signal, respec 
tively; and 

if said apparatus is acting as a positive or negative 
current source, clamping said inverting input to 
said first or second difference signal, respectively, 
and if the output voltage exceeds either said posi 
tive voltage reference or said negative voltage 
reference, dominantly clamping said inverting 
input to said third or fourth difference signal, re 
spectively. 

7. A method according to claim 6, wherein if said 
apparatus is acting as said positive or negative voltage 
source, said clamping to said third or fourth difference 
signal, respectively, is current limited, and if said appa 
ratus is acting as said positive or negative current 
source, said clamping to said first or second difference 
signal, respectively, is current limited. 

k k k 
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