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ABSTRACT: A DC voltage regulator employing a constant 
current source and a voltage reference source to control a 
variable impedance to regulate an input voltage. A low voltage 
sensing output is provided by using a sensing transistor as a 
switch and temperature compensation element. The sensing 
transistor functions as a voltage responsive switch to produce 
a signal indicative of the level of the input voltage relative to a 
predetermined level. The sensing transistor is normally satu 
rated to connect the sensing output to the ground. 
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THE NVENTON 

This invention is an improvement in DC voltage regulator 
circuiry. 

Prior are voltage regulator circuits have employed the use of 
a voltage reference element in combination with temperature 
compensation elements to control a transistor to thus provide 
a regiated voitage output. Constant current sources are 
known in the art to provide more accurate regulation when 
used in combination with a voltage reference element. There 
is, however, no teaching in the prior art voltage regulator cir 
cuits of means for monitoring the level of input voltage 
without the addition of special circuitry. 
The present invention combines the use of a constant cur 

rent source with a temperature compensated voltage 
reference to provide base drive to a transistor which regulates 
the output voltage. A low voltage sensing output is provided 
by using a sensing transistor as a switch and temperature com 
pensation element, in the preferred embodiment of the 
present invention an FET constant current source is used, and 
the voltage reference level is determined by the reverse 
emitter to base breakdown characteristic of a transistor. Addi 
tional temperature compensation for the voltage reference 
element is provided by a diode in series with the base emitter 
junction of the sensing transistor. The sensing transistor is nor 
mally saturated and functions as a switch which connects the 
sensing output to the ground. 
The use of a constant current source in combination with a 

voltage reference element to control the drive to a transistoris 
described on page 54 of the Aug. 30, 1963 issue of ELEC 
TRONIC DESIGN magazine. The present invention includes 
the use of a transistor to provide a low voltage sensing output 
as weli as temperature compensation. 

It is, therefore, an object of this invention to provide anim 
proved DC voltage regulator circuit having inherent low volt 
age sensing means. 

DESCRIPTION OF THE DRAWING 

The sole FIGURE of the drawing is a schematic of the 
preferred embodiment of the present invention. 

Referring to the drawing, an input means a for connection 
to a positive terminal of an unregulated DC power source is 
connected to a collector of an NPN transistor 3. Transistor 3 
father as a base and an emitter. The emitter of NPN 
trassistor 3 is connected to a regulated voltage output 3. 
Enput means 1 is further connected to the source of a J-FET 
(inction Field Effect Transistor) 2. FET 2 further has a drain 
and a gate. A resistor 6 is connected between the drain of FET 
2 and the base of NPN transistor 3. The gate of FET 2 is also 
connected to the base of NPN transistor 3. 
FET 2, having its gate connected through resistor 6 to its 

drais, foins a constant current source. 
Further connected to the base of NPN transistor 3 is a re 

sistor 7 having its opposite end connected to the emitter of an 
NPN transistor 4. The collector of NPN transistor 4 is con 
Enected to the anode of a diode 8. The base and collector of 
NPN transistor 4 are connected together at junction 14. 
The cathode of diode 8 is connected to the base of an NPN 

transisto; S. A resistor 9 is connected between the base of 
NPN transistor S and a reference potential terminal 162. The 
collector of NPN transistor S is connected to a sensing output 
A2. The emitter of NPN transistor S is connected to reference 
potential terminal 10. 
NPN transistor 4, diode 8, resistor 9 and NPN transistor 5 

comprise a constant voltage reference means, sensing output 
A2 indicating the presence of current flow through the voltage 
reference means. 
NPN transistor 3 serves as a gate for controlling the current 

from input means i through load means 13. 
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2 
OPERATION 

Referring to the FEGURE, a positive DC input signal of at 
least the level required at output i is applied to input means 
1. The current through resistor G will depend on the value of 
the resistor, as the current through FET 2 is dependent on the 
voltage between the gate and the source which in turn is de 
pendent on the voltage across resistor 6. This current will be 
maintained at a constant level so long as the voltage at input 
means 1 does not drop below the level of the required regu 
lated output voltage. As the voltage across resistor 6 tends to 
increase due to increased current, the pinch-off voltage on 
FET 2 is approached causing the FET to become less conduc 
tive and therefore decreasing the current through resistor 6. A 
constant current source is thus provided between input means 
and the junction between resistors 6 and 7. 
NPN transistor 4 (having its base connected to its collector) 

acts as a Zener diode due to the reverse emitter to base break 
down characteristic. Diode 8, operating in the forward 
direction, provides temperature compensation. NPN 
transistor S is turned on in response to current flow through 
resistor 9. As the input voltage at input means increases, the 
point of reverse emitter to base breakdown of NPN transistor 
4 is reached and current begins to flow through resistor 7, 
diode 8, and resistor 9. The voltage drop across resistor 9 rises 
to forward bias the base-emitter junction of NPN transistor 5, 
thus turning it on. The base-emitter junction of transistor 5 
acts as a diode in series with diode 8 providing additional tem 
perature compensation as well as means for indicating the 
presence of current flow through resistor 7, diode 8, and re 
sistor 9. y 

NPN transistor 3 provides current gain from the reference 
voltage at the gate of FET 2 to the load 13. Transistor 3 is con 
nected in the conventional emitter-follower manner. The volt 
age drop across resistor 7 is used to calibrate the voltage level 
at output 11. FET 2 and resistor 6 provide a constant current 
for the constant voltage reference means. With a constant cur 
rent flowing through the constant voltage reference means, a 
constant voltage with respect to reference potential terminal 
i0 is maintained at the base of transistor 3. Therefore, any 
variation in the voltage at output will cause a correspond 
ing change in the base-to-emitter voltage of transistor 3, 
thereby effectively controlling the conductivity of transistor 3. 
Transistor 3 becomes more conductive as the voltage at out 
put a decreases and more current is delivered to the load to 
increase the voltage at output a to the required level. 
The emitter-base junction of transistor 4 has a positive tem 

perature coefficient while diode 8 and the base-emitter junc 
tion of transistor S have a negative temperature coefficient. 
The base-emitter junction of NPN transistor 3 also has a nega 
tive temperature coefficient. Proper design of the several 
components results in an overall temperature coefficient of 
near Zero. 
To illustrate the operation of the low voltage sensing, con 

sider a decrease of the voltage level applied to the input means 
it below the required regulated output voltage evel. The cur 
rent through resistor 7 will decrease and the voltage at the 
emitter of transistor 4 with respect to reference potential ter 
minal 0 will also decrease. This decrease will continue until 
the reverse emitter-base breakdown voltage of transistor 4 is 
reached. At this voltage, current conduction through resistor 
9 will decrease such that transistor 5 is no longer forward 
biased, thus turning off transistor 5. The turnoff of transistor S 
indicates an insufficient voltage level at input means . As the 
voltage is again increased at input means , the voltage at the 
emitter of transistor 4 increases until the reverse emitter to 
base breakdown voltage of transistor 4 is reached, allowing 
current to flow through resistor 7, diode 8, and resistor 9. As 
the voltage across resistor 9 increases, transistor S is turned 
on, connecting sensing output 2 to reference termina 0. 
The turn-on of transistor Sindicates sufficient voltage at input 
means 1 for voltage regulation. A decrease below this level 
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causes transistor S to turn off, opening the circuit between 
sensing output 12 and reference potential terminal 10. Sensing 
output 12 may be connected to a supervisory means or, in a 
munition fuzing application, sensing output 2 may be con 
nected to a silicon controlled rectifier gate to cause self 
destruct of the munition upon failure of the unregulated volt 
age at input means a to provide the required level of regulated 
output voltage. 

Circuit modifications such as polarity inversion, replace 
ment of NPN transistor 4 with a Zener diode or replacement 
of the current source comprising FET 2 and resistor 6 will be 
evident to those skilled in the art. 
The scope of the present invention is not intended to be 

limited to the embodiment shown in the drawing but only by 
the scope of the appended claims. 
We claim: 
i. Voltage regulator apparatus comprising: 
input means for connecting to a source of unregulated DC 

voltage; 
reference potential means; 
Segulated voltage output means for connection to a load; 
variable impedance means connected between said input 
means and said regulated voltage output means, said im 
pedance means having a voltage responsive control 
means; 

constant current means connected to said input means and 
having an output; 

voltage reference means connected to said reference poten 
tial means and said output of said constant current means, 
for providing a reference voltage at a first terminal, said 
voltage reference means including a means responsive to 
the current therethrough for producing a voltage signal at 
a second terminal; 

means connecting said first terminal to said control means 
of said variable impedance means; and 

voltage sensing means, including a voltage responsive 
Switching means, connected to said second terminal. 

2. Apparatus as recited in claim wherein said variable in 
pedance means is a transistor. 

3. Apparatus as recited in claim a wherein said voltage 
reference means includes temperature compensation means. 

4. Apparatus as recited in claim 8 wherein said voltage 
reference means includes a transistor operated in reverse 
emitter-base breakdown region. 
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4. 
5. Apparatus as recited in claim a wherein said means for 

supplying a constant current comprises: 
a junction field effect transistor having gate, source and 

drain electrodes; and 
a resistor connected between said drain electrode and said 

gate electrode whereby a constant current tends to flow 
between said source electrode and said drain electrode. 

6. Apparatus claimed in claim wherein said voltage 
sensing means is a transistor operated as a switch. 

7. Voltage regulator apparatus, comprising: 
input means for connection to a power source; 
reference potential means; 
regulated voltage output means for connection to a load; 
a first transistor having emitter, base and collector elec 

trodes, said collector electrode connected to said input 
means, said emitter electrode connected to said regulated 
voltage output means; 

a field effect transistor, having source, drain and gate elec 
trodes, said source electrode connected to said input 
means, said gate electrode connected to said base elec 
trode of said first transistor, 

a first resistor connected between said drain and said gate of 
said field effect transistor; 

a second transistor, having emitter, base and collector elec 
trodes, said base electrode connected to said collector 
electrode; 

a second resistor connected between said base electrode of 
said first transistor and said emitter electrode of said 
second transistor; a diode having an anode and a cathode, said anode con 
nected to said base of said second transistor; 

a third resistor connected between said cathode of said 
diode and said reference potential means; 

a third transistor having base, emitter and collector elec 
trodes, said base electrode connected to said cathode of 
said diode, said emitter electrode connected to said 
reference potential means; and 

sensing output means for indicating the presence of current 
flow through said diode connected to said collector elec 
trode of said third transistor whereby the voltage at said 
regulated voltage output means is maintained constant 
with respect to said reference means and said sensing out 
put means indicates low input voltage conditions. 
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CERTIFICATE OF CORRECTION 

Patent No. 357l 694 Dated March 23-197) 

Inventor(s) Jack W. Hunger and David D. Kemp 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

Claim 4, line l, delete "claim 8" and substitute 

-- claim 1--. 

Signed and sealed this l6th day of November l97l. 
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