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PRECISION VOLTAGE REGULATOR 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufactured and 
- used by or for the Government of the United States of Amer 
ica for governmental purposes without the payment of any 
royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

In the ?eld of electronics, a need exists for a device which 
will provide a precision reference voltage but does not itself 
require a regulated voltage supply. Most prior devices which 
provided a precision reference voltage require a voltage 
supply having at least good regulation. 

SUMMARY OF THE INVENTION 

The present invention is a precision voltage regulator hav 
ing at least an operational ampli?er and a plurality of constant 
resistive means and variable resistive means. In the preferred 
embodiment the constant resistive means are resistors, and the 
variable resistive means are zener diodes. The output of the 
operational ampli?er is coupled to both its negative and posi 
tive inputs such that the voltage appearing across the terminal 
of one of the temperature compensated zener diodes is stable 
with respect to time, temperature, and load. Additionally, the 
input bias current and input offset current changes of the 
operational ampli?er are much less critical in the present in 
vention than in prior devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F IG. 1 is a schematic diagram of a preferred embodiment of 
the invention which provides a positive reference voltage; and 

FIG. 2 is a schematic diagram of a preferred embodiment of 
the invention which provides ‘a negative reference voltage. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to FIG. 1 wherein the preferred embodiment of 
the present invention for generating a positive precision 
reference voltage comprises a supply voltage 10, an opera 
tional ampli?er 12, zener diodes l6 and 26, resistors 20 and 
24, and reference voltage output 28. The output of opera 
tional ampli?er 12 is coupled to the diode 16 of diode l6-re 
sister 24 voltage divider, the junction of which is coupled to 
the negative input 18, the inverting terminal, of ampli?er 12. 
The side of resistor 24 opposite the junction is coupled to 
ground. The ampli?er output is also coupled to resistor 20 of 
resistor 20-diode 26 voltage divider, the junction of which is 
coupled to the positive input 22, the noninverting terminal, of 
ampli?er 12. The anode end of diode 26 is coupled to ground. 
The circuit provides a highly regulated voltage across zener 
diode 26 at output 28. 
The operation of the positive voltage-generating circuit is as 

follows: The purpose of the circuit is to retain the current 
through diode 26 at a constant value, thereby producing a 
constant precision reference voltage at output 28. Since the 
input impedance of the high gain, differential, DC operational 
ampli?er 12 is quite high, and therefore, draws approximately 
zero current, the current through diode 26 can be measured 
by the voltage drop across resistor 20. Similarly, the current 
passing through diode 16 can be measured by the voltage drop 
across resistor 24. If circumstances occur which cause the cur 
rent through diode 26 to become smaller, that reduced cur 
rent will be re?ected by a reduction in the voltage at junction 
14. The voltage at positive input 22 will change very little. 
A decrease in the voltage at junction 14 results in an almost 

equal decrease in the voltage‘at negative input 18 since diode 
16 tends to maintain a near constant voltage drop between 
junction 14 and terminal 18. Therefore, the voltage change at 
inverting terminal 18 will be much greater than the voltage 
change at noninverting terminal 22. As a result, the voltage at 
junction 14 will be driven in a positive direction; thereby, 
causing the current through diode 26 to increase, restoring it 
to its original value. 
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The sensitivity of the precision reference voltage appearing 
at output 28 to the various components of the circuit is as fol 
lows: > 

E1 = voltage at output 28 
V1 = voltage at noninverting terminal 22 
V2 = voltage across diode 16 
R1 = resistance of zener diode 26 
R2 = resistance of zener diode 16 
R3 = resistance of resistor 20 
R4 = resistance of resistor 24 
While applicant does not wish to be limited to any particular 

set of circuit constants, the following constants have proven to 
be useful in generating a positive reference voltage. 

Symbols Description Value 

VI Voltage at noninverting terminal 22 6.2 volts 
Vl Voltage across diode 16 6.2 volts 
R, Dynamic resistance of diode 26 I0 ohms 
R, Dynamic resistance of diode l6 10 ohms 
R, Resistance of resistor 20 800 ohms 
R_1 Resistance of resistor 24 800 ohms 

Referring to FIG. 2 wherein the preferred embodiment of 
the present invention for providing a negative reference volt 
age comprises a supply voltage 10, an operational ampli?er 
12, zener diodes 16 and 26, resistors 20 and 24, and reference 
voltage output 28. The operation of the negative voltage 
generating circuit is similar to that described above, and there 
fore, will not be repeated. The circuit of FIG. 2 is the circuit of 
FIG. 1 modified to provide a negative reference voltage. 

While applicant does not wish to be limited to any particular 
set of circuit constants, the following constants has proven to 
be useful for providing a negative reference voltage. 

Symbols Component Type or Value 

10 Supply voltage 15-40 volts 
12 Operational ampli?er LM I0] 
16 Zener diode lN829A 
20 Resistor 820 ohm, 3 watt 
24 Resistor 820 ohm, 3 watt 
26 Zener diode lN829A 
28 Reference voltage output 6.2 volts 

Although standard zener diodes may be used in the present 
invention, improved results can be obtained by using tempera 
ture compensated zener diodes as diodes 16 and 26. 
Note that reference voltage output 28 is insensitive to‘ 

supply voltage 10, thereby, eliminating the necessity of 
providing a well regulated supply voltage to the present inven 
tion. Therefore, any supply voltage which provides an output 
within a large range of possible values may be utilized in the 
present invention. 
What is claimed is: 
l. A voltage regulator providing a precision reference volt 

age output, comprising: 
an operational ampli?er providing an output; 
a supply voltage coupled‘ to said operational ampli?er; and 
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a plurality of variable resistive means for providing variable 
electrical resistance. and a plurality of constant resistive 
means for providing constant electrical resistance, cou 
pled to said operational ampli?er such that said variable 

‘ resistive means and said constant resistive means are ar 

ranged in a plurality of voltage divider networks; 
wherein the voltage across at least one of said variable re 

sistive means is a precision reference voltage. 
2. The regulator of claim 1, wherein a ?rst variable resistive 

means is coupled between the output and a first input of said 
operational ampli?er, and a ?rst constant resistive means is 
coupled between the output and a second input of said opera 
tional ampli?er. 

3. The regulator of claim 2, wherein a second variable re 
sistive means and a second constant resistive means are cou 
pled in combination between said ?rst input and said second 
input of said operational ampli?er. 

4. The regulator of claim 3, wherein said ?rst input is the in 
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verting terminal of said ampli?er, and said second input is the 
noninverting terminal of said ampli?er. 

5. The regulator of claim 4, wherein said ?rst variable re 
sistive means and said second variable resistive means are 
zener diodes, and said ?rst constant resistive means and said 
second constant resistive means are resistors. 

6. The regulator of claim 5 wherein the resistor end of said 
combination of said variable and said constant resistive means 
is coupled to the inverting terminal of said operational ampli? 
er, and the diode end of said combination is coupled to the 
noninverting terminal of said operational ampli?er. 

7. The regulator of claim 6 wherein said zener diodes are 
temperature compensated zener diodes. 

8. The regulator of claim 7 wherein the voltage across said 
second variable resistive means is said precision reference 
voltage output. 


