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[57] ABSTRACT , 

A power supply producing a bi~polar reference voltage 
uses a constant votage element, such as a zener diode, 
in a negative feedback loop from the reference voltage 
output of an ampli?er to the input of another amplifier 
in a two amplifier system. This negative feedback loop 
permits the establishment of a reference voltage output 
lower in magnitude than the voltage of the constant 
voltage element. 

7 Claims, 1 Drawing Figure 
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REFERENCE POWER SUPPLY HAVING AN 
OUTPUT VOLTAGE LESS THAN ITS CONTROL 

ELEMENT 

BACKGROUND OF THE INVENTION 

This invention relates to reference power supplies 
employing constant voltage or current control elements 
as a standard for regulation of output values. More par 
ticularly, this invention relates to a negative feedback 
circuit containing a constant voltage control element 
which provides a bi-polar output voltage less in magni 
tude than that of the constant voltage element. 
Although constant voltage elements, such as zener 

diodes, have been used in feedback loops, no known 
prior art power supply produces an output voltage less 
than the zener diode voltage without the use of a volt 
age divider or inverting ampli?er. Either of these tech 
niques tend to make the power supply stable. It has also 
been dif?cult to build stable bi-polar reference supplies 
because of constant current requirements for the refer 
ence element and the temperature coef?cient of the 
reference element. It is well known in the electronic art 
that the zener elements in the 6.4 and 9.4 voltage range 
can provide extremely low temperature coefficients. 
Therefore, it is desirable to design reference supplies 
utilizing these reference elements. It is clear that a sta 
ble bi-polar reference supply producing voltages less 
than the constant voltage element would be desirable. 

SUMMARY OF THE INVENTION 

A reference voltage supply is provided using a cons 
tant voltage element as a standard, which has a voltage 
greater in magnitude than the output reference volt 
ages which the supply may produce. 

In one embodiment of the invention, a pair of ampli 
fiers are cascaded together, the output of the ?rst con 
nected to the input of the second and the output of the 
second to the input of the first. The ampli?ers are con 
nected so that a phase reversal occurs between the pos 
itive input of the ?rst amplifier and the output of the 
second ampli?er. The outputs of the ?rst and second 
ampli?ers are the reference voltage outputs of the sup 
ply. They generally are equal but opposite in polarity. 
A constant voltage element, such as a zener diode, as 
illustrated in this embodiment of the invention, is con 
nected between the reference voltage output of the sec 
ond ampli?er and the input of the ?rst ampli?er so as 
to provide a negative feedback loop within the system. 
In the present embodiment of the invention, the gain of 
the second ampli?er remains at a ?xed value while the 
gain of the ?rst ampli?er is adjusted within predeter 
mined limits to provide a bi-polar output voltage which 
varies from a fraction of the reference element voltage 
to the maximum ampli?er output voltage. The gain of 
the second ampli?er can also be varied. If it is varied, 
however, reference voltages of opposite polarities but 
unequal value‘will result. With this method the output 
of the ?rst ampli?er can be adjusted to almost zero 
volts. Anyone skilled in the state of the arts of circuit 
design can ?nd a multitude of other uses. Inverting the 
zener polarity will change the polarities at the outputs 
of the ?rst and second ampli?ers. The circuit con?gu 
ration is such that the zener diode carries a constant 
current which contributes to a highly stable circuit. 
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IN THE FIGURES 

The single FIGURE is an electrical schematic dia~ 
gram of one embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT ' 

Referring now to the FIGURE illustrating one form 
of the invention, the positive output of a ?rst ampli?er 
I0, indicated symbolically, is connected through a re— 
sistor 12 to the positive input of an ampli?er 14, also 
indicated symbolically. Both ampli?ers are of a con 
ventional type having a high impedance input, low im 
pedance output, and very high gain. Of course, addi 
tional circuits or ampli?ers may be connected between 
ampli?ers l0 and 14 to improve stability or improve ac 
curacy of output voltage control without departing 
from the inventive concept. 
The minus input of ampli?er 10 is connected to one 

end of resistor 16 and to variable resistor 18 which, in 
turn, is connected to the positive output of ampli?er 
10. It is well understood in the electronics art that resis 
tors 16 and 18 determine the gain of the ampli?cation 
stage, and as will be seen, adjustment of variable resis 
tor 18 therefore allows adjustment of the reference 
voltage outputs provided at terminals 20 and 21, 20 
from the minus output of ampli?er l4 and 21 from the 
plus output of ampli?er 10. The zener diode can be in 
verted in this circuit to produce opposite polarities at 
output terminals 20 and 21. 
A positive source voltage is provided at terminal 22 

and current flows through resistor 24 to the positive 
output of ampli?er 10. Also connected to the positive 
output of ampli?er 10 is a feedback resistor 26 which 
is connected with the positive input to ampli?er 10. Re 
sistor 26 provides the constant voltage element with a 
constant current which is stable within the same limits 
as the output voltages. By maintaining the power dissi 
pation essentially constant in the constant voltage ele 
ment, circuit stability is improved. 
A constant voltage element 28, which is shown in the 

FIGURE as a zener diode, in this form of the invention, 
is connected in a negative feedback loop from the posi 
tive input of ampli?er 10 to the negative output of am 
pli?er 14. It has been found that a temperature com 
pensated zener diode will work quite well in this form 
of the circuit. Resistor 30 connects the minus output of 
ampli?er 14 with a negative source voltage at terminal 
32. 
The other end of resistor 16 is connected with the 

anode of the'zener diode as shown in the FIGURE for 
this form of the invention. This arrangement of resistor 
16 provides an additional feedback path which tends to 
increase the stability of the circuit with respect to 
changes in component values. By selecting values cor 
rectly the other end of resistor 16 may also be con 
nected to ground potential, in other forms of the inven 
tion, with acceptable regulation but slightly decreased 
stability. 
A negative feedback resistor 34 is connected from 

the ‘positive input of ampli?er 14 to the output of that 
ampli?er. For purposes of explaining the circuit, the 
voltage of the constant voltage element 28 is shown at 
terminals 36, 36 as voltage V,. 
The gain of the ampli?er stage incorporating ampli 

?er 14 may be set at unity in order to provide equal but 
opposite polarity reference voltages. This gain is set by 
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adjustment of the values of resistors 12 and 34. The 
output reference voltages plus and minus V0,“, are ad 
justed by adjusting variable resistor 18. As previously 
stated plus and minus V0,,‘ can be adjusted to values less 

. than V,. 

Circuit elements which have been found to work in 
this embodiment of my invention are: zener voltage = 
6.2 volts, supply voltages equal to plus and minus 15 
volts respectively,resistor 12 = resistor 34 = 10 K ohm, 
resistor 16 = 6.2 K ohm, resistor 18 = 3.8 K ohm, and 
resistor 26 = 500 ohms. Reference output voltages are 
approximately plus and minus 5 volts. 

I claim: 
1. A power supply for producing a reference voltage 

comprising: 
?rst and second ampli?ers each having input and an 
output; 

said ?rst amplifier being responsive to an input volt 
age to produce an output voltage having the same 
polarity as said input voltage, said second ampli?er 
being responsive to said output voltage to produce 
said reference voltage at its output, said reference 
voltage having a polarity opposite to that of said 
output voltage; 

a negative feedback loop connecting the output of 
said second ampli?er to the input of said ?rst am 
pli?er, said feedback loop including a zener diode 
so disposed and arranged that the more negative of 
said input voltage and said reference voltage ap 
pears at its anode and the more positive of said 
input voltage and said reference voltage appears at 
its cathode; and 

a voltage source connected to the output of said sec 
ond ampli?er through a resistance, said source pro 
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viding a voltage having the same polarity as said 
reference voltage. 

2. The power supply of claim 1 and further compris 
ing means for controlling the gain of at least one of said 
ampli?ers within predetermined limits. 

3. The power supply of claim 1 wherein said refer 
ence voltage is of negative polarity and wherein the 
anode of said zener diode is connected to the output of 
said second ampli?er and wherein the cathode of said 
zener diode is connected to the input of said ?rst ampli 
?er. 

4. The power supply of claim 3 wherein the output of 
said ?rst ampli?er is connected through a resistance to 
a voltage source of positive polarity and further com~ 
prising means for controlling the gain of at least one of 
said ampli?ers, whereby the reference voltage output 
of said power supply may be varied in bi-polar fashion 
about a zero voltage. 

5. The power supply of claim 3 wherein the gain of 
said ?rst ampli?er is controlled by a variable resistor 
connected between the output of said ?rst ampli?er 
and a second input of said ?rst ampli?er having an op 
posite polarity to said ?rst~named input, said first am~ 
pli?er having an additional feedback loop in the form 
of a resistor connected between said second input and 
the anode of said zener diode. 

6. The power supply of claim 5 wherein the output of 
said ?rst ampli?er is connected through a resistance to 
a voltage source of positive polarity. 

7. The power supply of claim 6 further including a 
further feedback loop in the form of a resistor con 
nected between the cathode of said zener diode and the 
output of said ?rst ampli?er. 

* * * a * 


