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[s7] ' I ' ABSTRACT 

A circuit which is utilized to produce a reference volt 
age that is substantially independent of changes in the 
supply line voltage and in temperature and which pro 
duces a regulated output voltage as a function of the 
reference voltage. ' ' ' 

11 Claims, 1 Drawing. Figure ' 
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REFERENCE VOLTAGE GENERATOR AND 
REGULATOR 

BACKGROUND 

In the present technology, the integrated circuit is 
being utilized in more and more applications. There are 
several types of integrated circuitry known. One popu 
lar type of integrated circuit technology uses the so 
called COS/MOS (i.e., Complementary-Metal-Oxide 
Semiconductor) integration process. This type of pro 
cess or technology permits many circuits to be pro 
duced utilizing the standard MOS type advantages as 
well as the advantages which are provided by using the 
COS/MOS techniques. These advantages,. such as low 
power requirements, high packing density and low 
power-delay product, are well known in the art. 
When producing circuits or systems utilizing COS/ 

MOS techniques, it frequently becomes necessary to 
include a means for providing regulation of one or 
more of the voltages which are utilized or generated by 
the circuit. As one approach to providing the regula 
tion, it is frequently desirable to provide a reference 
voltage to which the circuit may be referenced. More 
over, it is desirable that the reference voltage be sub 
stantially independent of any ?uctuations in the supply 
voltage or, alternatively, due to temperature changes or 
the like. Furthermore, it is important that the regulator 
circuit should not be a power drain on the overall sys 
tem. Another desirability is to be albe to produce the 
voltage generator and regulator using standard COS/ 
MOS processing techniques whereby the circuit can be 
integrated along with the associated COS/MOS cir 
cuitry. The use of a COS/MOS regulator, on the same 
chip as the associated COS/MOS circuitry, permits the 
full utilization of the low power requirement advantage 
of COS/MOS circuitry. 

SUMMARY OF THE INVENTION 

A voltage generator and regulator circuit is provided 
wherein a first portion of the circuit operates upon 
standard supply voltages to produce or generate a ref 
erence voltage which is substantially independent of 
variations in supply voltage or temperature. The output 
voltage from the voltage generator is supplied to a reg 
ulator circuit which produces an output voltage which 
is regulated as a function of the reference voltage. 
Thus, the output from the regulator circuit is a regu 
lated voltage which is controlled by a relatively accu 
rate reference voltage. 

BRIEF DESCRIPTION OF THE DRAWING 
The single FIG. is a schematic diagram of one em 

bodiment of the instant invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT ’ 

In the single figure, the reference voltage generator 
circuit portion shown generally at 50 is connected to 
the regulator circuit portion, shown generally at 51. 
Each of the circuit portions includes semiconductor de 
vices of the well known MOS ?eld effect transistor 
type. Each of these semiconductors includes a conduc 
tion path between the drain and source electrodes and 
a gate electrode for controlling conduction through the 
conduction path. In this embodiment, P-type MOS de 
vices are rendered conductive when the gate electrode 

2 
is negative relative to the'source electrode. Conversely, 
N-type MOS devices are rendered conductive when the 
gate electrode is positive relative to the source elec 
trode. 

In the reference voltage generator, the input voltages 
are suppied at terminals 10 and 11, respectively. Input 
terminal 10 may represent ground potential or any suit 
able reference source (VDD) while terminal 11 is con 
nected to source V SS, the voltage to be regulated by cir 
cuit 51. The voltage VD'D is positive relative to Vss. A 
P-type semiconductor device P1 has the source elec 
trode (S) and the substrate thereof connected to' termi 
nal 10. The drain electrode (D) of device P1 is con-' 
nected to the cathode of Zener diode Z2. The anode of 
Zener diode Z2 is connected to terminal 11 along with 
the gate electrode (G) of P-type semiconductor device 
P2. The drain electrode (D) of device P2 is connected 
to the cathode of Zener diode Z2. The source electrode 
(S) and substrate of device P2 are connected to termi 
nal 10. The cathode of Zener diode Z2 is also con 
nected to the gate electrode (G) of N-type semicon 
ductor device N1. The source electrode (S) and sub 
strate of device N1 are connected to terminal 11. The 
drain electrode (D) of device N1 is ‘connected to the 
anode of Zener diode Z1. The cathode of Zener diode 
Z1 is connected to terminal 10. The anode of Zener 
diode Z1 is also connected to the gate electrode of de 
vice P1 and to the regulator circuit portion along line 
13. The cathode of Zener diode Z2 is connected to the 
regulator circuit portion along line 12. 

In the series voltage regulator circuit portion 51, the 
source electrode (S) and the substrate of semiconduc 
tor device P3 are connected to source V,,,, at terminal 
10. The gate electrode (G) of device P3 and the gate 
electrode (G) of device P4- are connected to the refer 
ence input source supplied at line 13 from voltage gen 
erator 50. The drain electrode (D) of device P3 is con 
nected to the source electrodes of devices P4 and P5. 
The drain electrode (D) of device P5 is connected to 
terminal 11 and source VSS. The drain electrode (D) of 
device P4 is connected to the drain electrode (D) of 
device N2. The source electrode (S) and the substrate 
of device N2 are‘ each connected to terminal 11. The 
gate electrode (G) of device N2 is connected to line 12 
which, in this embodiment, is a source of a constant 
voltage, relative to source V SS, supplied by voltage gen 
erator 50. In an alternative embodiment, line 12 may 
be connected to source VDD at terminal 10. In the alter 
native embodiment, some control over the impedance 
of device N2 and, thus over the circuit, may be lost in 

- the case of widely fluctuating V,,,,. 
The drain electrode of device P5 is also connected to 

terminal 1 1 along with the source electrode (S) and the 
substrate of device N3. The drain electrode (D) of de 
vice N3 and the gate electrode (G) of device P5 are 
connected to output terminal 14 at which a voltage VCC 
is regulated by the circuit 51. The gate electrode (G) 
of device N3 is connected to the common junction of 
the drain electrodes of devices P4 and N2. The sub 
strates of devices P4 and P5 are also connected to V DD. 

Typically, device P3 is of medium impedance (i.e., 
higher than P4, P5 and N3 but lower than N2) and is 
normally turned on whereby there is a substantially 
constant source-drain current therethrough. Also, de 
vice N3 is the regulating device in the circuit and is of 
relatively low impedance (i.e., of approximately the 
same impedance as devices P4 and P5). With the cir 
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cuit con?guration shown, the drain-source voltage of 
device N2 is the gate-source voltage of device N3. 

In operation, an essentially constant voltage is sup 
plied to the gate electrode of device N1 by Zener diode 
Z2. Consequently, when saturation of N1 is reached, 
device N1 operates as a constant current source and 
supplies current to Zener diode Z1. Conversely, the 
current through Zener diode Z2 is supplied by device 
P1 which also operates as a constant current source 

after saturation is achieved. That is, an essentially cons 
tant voltage is applied to the gate of device P1 by Zener 
diode Z1, which voltage biases device P1 in saturation. 
Thus, the current through Zener diode Z2 is supplied 
by device P1 while the current through Zener diode Z1 
is supplied by device N1. The circuit comprising de 
vices N1 and P1 and Zener diodes Z1‘and Z2 tends to 
operate as a flip-flop. That is, once the circuit achieves 
the steady state condition, it latches in this condition 
and substantially constant voltages relative to Vss and 
V0,, are applied at lines 12 and 13. These voltages are 
de?ned as a function of the Zener voltage drop across 
Zener diodes Z1 and Z2. This type of operation results 
when the currents supplied to Zener diodes Z1 and Z2 
by devices N1 and P1, respectively, are of sufficient 
magnitude to bias the diodes Z1 and Z2 at points in the 
constant or Zener voltage portions of their I-V operat 
ing characteristics. It is possible for the circuit to latch 
in the inoperative condition if insufficient current is 
supplied to the Zener diodes by the devices P1 and N1. 
This condition will produce insufficient voltage drops 
across the Zener diodes whereby devices P1 and N1 
will remain nonconductive. 
Therefore, semiconductor device P2, which is a high 

‘impedance device, is provided. Whenever a supply 
voltage greater than the threshold voltage of device P2 
is connected between nodes 10 and 11, semiconductor 
device P2 is conductive and is designed to supply suffi 
cient current through Zener diode Z2 to poduce a volt 
age of at least the N-threshold across Zener diode Z2 
thereby causing device N1 to be rendered conductive. 
Of course, when device N1 is conductive, device P1 is 
rendered conductive becuase the current through N1 
produces a voltage drop across Z1 which is greater than 
the P-threshold for device P1. In fact, in some applica 
tions where regulation is not so critical, device P1 may 
be eliminated whreby device P2 maintains the turn-on 
current for Zener diode Z2, as suggested supra. In this 
alternative con?guration the control of the voltage on 
line 12 is somewhat reduced. However, the perfor 
mance of both circuits is satisfactory and very similar. 
The reference voltages produced by voltage genera 

tor 50 are supplied to regulator 51 along lines 12 and 
13. In particular, the voltage on line 12 is a constant 
control voltage which controls the impedance of device 
N2 which is a high impedance device relative to devices 
P3, P4, P5 and N3. Becuase the gate electrode is at one 
?xed value of potential Va and the source electrode at 
another fixed value of potential VSS, device N2 oper 
ates as a constant current means. The voltage on line 
13 is the reference voltage upon which the regulator 
operates to produce the regulated voltage VCC. 
The transistors P4, P5 receiving the current supplied 

by-sourcc P3 of the regulator circuit operate as a differ 
ential amplifier. They compare the voltage V“, on line 
13 with the output voltage VCC at terminal 14 in the 
manner discussed in detail below. 
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4 
In typical operation, if the output voltage VCC 

measured between terminals 10 and 14 is larger (i.e., 
less positive or more negative) than the reference volt 
age measured between terminals 10 and 13, low imped 
ance device P5 is relatively more conductive than low 
impedance device P4 whereby substantially all of the 
current from device P3 is passed through device P5. 
Conversely, device P15 is relatively nonconductive 
whereby its impedance is much higher than that of N2. 
Consequently, the voltage drop across device N2 drops 
to near zero wherein device N3 is rendered nonconduc 
tive. When device N3 is nonconductive, the output 
voltage at terminal 111 is reduced (becomes less nega 
tive or more positive) inasmuch as current is not sup 
plied to terminal 14- from the source represented by ter 
minal 13. 
Conversely, if the voltage VCC at terminal 14 is 

smaller (i.e., less negative) than the reference voltage 
on line 13, device P4 is rendered conductive and device 
P5 is rendered nonconductive. Consequently, current 
flows through the series connected conduction paths of 
devices P4 and N2 to source 11. As a result of the cur 
rent through devices P4 and N2, the voltage drop 
across device N2 increases because device N2 is of 
much higher impedance than P4 whereby the voltage 
applied to the gate electrode of device N3 becomes 
more positive (relative to Vss). In response to the volt 
age condition at the gate electrode thereof, device N3 
vis rendered conductive and connects terminal 11 to ter 
minal 14. Consequently, the output voltage at terminal 
14 increases (becomes more negative or less positive) 
as a result of the current supplied via device N3. 
When the output voltage at terminal 14 is equal to 

the reference voltage on line 13, devices P4 and P5 are 
both conductive wherein the current from source P3 is 
split between devices P4 and P5. The current split is ef 
fective to'stabilize the operation of the circuit. In this 
condition, device N3 is just barely conductive. 
Furthermore, the circuit loop includes only one in 

version, i.e., if the output voltage at terminal 14 be 
comes more positive, the voltage at the gate electrode 
of device N3 becomes more positive and this causes the 
voltage at terminal 14 to become more negative. This 
is the only inversion in circuit 51. With only one inver 
sion, oscillation (or hunting) of the output voltage VCC 
is possible only for the case of extremely high imped 
ance loads. That is, with high impedance loads, even 
small load currents produce large voltage swings across 
the load and, thus, at terminal 14. These large voltage 
swings can cause oscillation inasmuch as the circuit 
cannot follow precisely enough and limit the swing. 
However, the loads for this circuit typically will not be 
of the magnitude to permit this type of operation. Con 
versely, small loads (e.g., load currents in the low mi 
croampere range) cause the circuit to be extremely sta 
ble. Of course, in typical applications of the circuit in 
integrated circuit form, the load currents will be quite 
small. However, some type of load, even though small, 
should preferably be provided in order to assure that 
the vvoltage at terminal 14 can be returned towards the 
‘VDD level. That is, zero load produces an operation 
wherein the voltage level at terminal 14 can be reduced 
to below the reference voltage level (VR) at line 13 but 
cannot be increased from a voltage level below the ref 
erence level. 
The circuit shown is especially adapted to integrated 

circuit fabrication especially of the COS/MOS variety. 
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For example, referring to voltage generator 50, it is 
known that in the normal COS/MOS fabrication pro 
cess, P- and N-channel MOS enhancement ?eld effect 
transistors on a monolithic substrate include a P+ and 
an N+ diffusion for the drain and source electrodes of 
the P and N units, respectively. If the N+ diffusion is 
diffused into a P+ diffusion, a PP N+ junction is ob 
tained. This type of junction as a Zener characteristic. 
Moreover, the Zener voltage produced by this junction 
has a positive temperature coef?cient. Inasmuch as 
semiconductor devices N1, P1 and P2 of voltage gener 
ator 50 have negative temperature coefficients, the cir 
cuit can be designed to produce a substantially temper 
ature independent voltage source. This circuit together 
with regulator circuit 51 can be fabricated using the 
normal COS/MOS techniques whereby a sophisticated 
power regulator source for a logic system can be inte 
grated on the same monolithic chip of an integrated cir 
cuit. 
The combined circuits, thus, produce a circuit which 

regulates a variable load at the output so that a rela 
tively constant voltage substantially equal to a refer 
ence voltage is produced. This circuit also has a very 
small power consumption in comparison to the maxi 
mum load. 
Thus, there has been described one embodiment of 

a voltage generator and regulator circuit which has the 
described advantages. The circuit is described in terms 
of MOS type integrated circuitry. The speci?c circuitry 
shown is illustrative of the invention; however, the 
scope of the invention is de?ned by the appended 
claims. 
What is claimed is: 
1. In combination, 
source means having first and second terminals, 
a plurality of semiconductor devices each having a 
conduction path and a control electrode for con 
trolling the conduction through said conduction 
path, 

?rst and second semiconductor devices of a ?rst con 
ductivity type having one end of the conduction 
paths thereof connected together in a common 
junction, ' 

a third semiconductor device of said ?rst conductiv 
ity type having the conduction path thereof con 
nected between the common junction at said ?rst 
and second semiconductor devices and said ?rst 
terminal of said source means, 

a fourth semiconductor device of a second conduc 
tivity type having the conduction path connected 
between the conduction path of said ?rst semicon 
ductor device and said second terminal of said 
source means, 

an output terminal, 
a ?fth semiconductor device of said second conduc 

tivity type having the conduction path thereof con 
nected between said second terminal of said source 
means and said output terminal, 

reference source means connected to the control 
electrodes of said ?rst and third semiconductor de 
vices to establish a conduction level in saif ?rst and 
third semiconductor devices, and 

control source means connected to the control elec 
trode of said fourth semiconductor device to estab 
lish a conduction level therein, 

the control electrode of said ?fth semiconductor de 
vice connected to the common connection of said 

20 

25 

30 

35 

40 

45 

55 

60 

65 

6 
?rst and fourth semiconductor device conduction 
paths to control the conduction of said fifth semi 
conductor device as a function of the voltage level 
at said common connection thereby to control the 
voltage at said output terminal, 

the control electrode of said second semiconductor 
device connected to said output terminal to control 
the relative conduction of said ?rst and second 
semiconductor devices as a function of the voltage 
level at said output terminal relative to the voltage 
supplied by said reference source. ' 

2. The combination recited in claim 1 wherein said 
semiconductor devices are MOS ?eld effect transistors 
formed on a common substrate. 

3. The combination recited in claim 1 wherein said 
?rst, second and ?fth semiconductor devices normally 
exhibit substantially similar impedance values, said 
fourth semiconductor device exhibits an impedance 
value which is substantially greater than the impedance 
value of said ?rst, second and ?fth semiconductor de 
vices, and said third semiconductor device exhibits an 
impedance value between the impedance values of said 
fourth semiconductor device and said ?rst, second and 
?fth semiconductor devices. ' 

4. The combination recited in claim 1 including load 
means connected between said output terminal and 
said first terminal of said source means. 

5. In combination, 
source means having ?rst and second terminals, 
a plurality of semiconductor means, each of said 
semiconductor means having a conduction path 
with a terminal at each end thereof and a control 
electrode for controlling the conduction through 
said conduction path, said semiconductor'means 
being of ?rst or second conductivity type, 

?rst semiconductor means of said ?rst conductivity 
type, 

second semiconductor means of said second conduc 
tivity type, 1 

?rst Zener diode means connected in series with the 
conduction path of said ?rst semiconductor means, 

second Zener diode means connected in series with 
the conduction path of said vsecond semiconductor 
means, 

means connecting said control electrode of said ?rst 
semiconductor means to a common connecton be 
tween said second semiconductor means and said 
second Zener diode means, 

means connecting said control electrode of said sec 
ond semiconductor means to a common connec 

tion between said ?rst semiconductor means and to 
' said ?rst Zener diode means, ' 

said ?rst Zener diode means and one terminal of said 
conduction path of said second semiconductor 
means connected to said second terminal of said 
source means, 1 

said second Zener diode means and one terminal of 
said conduction path of said ?rst semiconductor 
means connected, to said ?rst terminal of said 
source means, 

third and fourth semiconductor means of said ?rst 
conductivity type having one terminal of the con 
ductioh paths thereof connected together in a com 
mon junction, 

the other terminal of the conduction path of said 
fourth semiconductor means connected to said sec 
ond terminal of said source means, ' 
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?fth semiconductor means of said ?rst conductivity 
type having the conduction path thereof connected 
between the common junction at said third and 
fourth semiconductor means and said ?rst terminal 
of said source means, 

sixth semiconductor means of said second conductiv 
ity type having the conduction path connected be 
tween the conduction path of said third semicon 
ductor means and said second termnal of said 
source means, 

an output terminal, 
seventh semiconductor means of said second con 

ductivity type having the conduction path thereof 
connected between said second terminal of said 
source means and said output terminal, 

the control electrodes of said third and ?fth semicon 
ductor means connected to said common connec 
tion between said second semiconductor means 
and said second Zener diode means to establish a 
conduction level in said third and ?fth semiconduc 
tor means, and 

the control electrode of sixth semiconductor means 
connected to said common connection between 
said first semiconductor means and said ?rst Zener 
diode means to establish a conduction level 

therein, 
the control electrode of said seventh semiconductor 
means connected to the common juncton at said 
third and sixth semiconductor means conduction 
paths to control the conduction of said seventh 
conductor means as a function of the voltage level 
at said common junction thereby to control the 
voltage at said output terminal, 

the control electrode of said fourth semiconductor 
means connected to said output terminal to control 
the relative conduction of said third and fourth 
semiconductor means as a function of the voltage 
level at said output terminal relative to the voltage 
supplied to the control electrodes of said third 
semiconductor means; _ ' 

6. In a voltage regulating circuit of the type compris 
ing ?rst and second transistors connected in differential 
ampli?er con?guration; current ‘source means con 
nected to said differential pair to supply current 
thereto; means for providing a reference potential to 
the control electrode of said ?rst transistor; means for 
connecting the control electrode of said second transis 
tor in circuit with an output terminal the voltage at 
which is to be regulated; and a series pass transistor 
connected in series with said output terminal and 
adapted to regulate the supply of line current to said 
output terminal as a function of the signal applied to 
the control electrode of said series pass transistor, the 
improvement comprising: 
a further transistor having its conduction path con— 
nected in series circuit with the conduction path of 
said ?rst transistor and connected to operate as a 
constant current source, the conduction path of 
said further transistor exhibiting a relatively high 
impedance to said ?rst transistor whereby the out 
put signal from said ?rst transistor is applied as a 
control signal to the control electrode of said series 
pass transistor. ' 

7. A voltage regulating circuit comprising: 
?rst and second transistors having one end of each of 

the conduction paths thereof connected together at 
a common junction; 
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8 
means for providing a relatively constant current to 

said common junction; 
means for providing a relatively ?xed reference po 

tential to the control electrode of said ?rst transis 
tor to bias said ?rst transistor into conduction; 

means for connecting a load to the control electrode 
of said second transistor, the voltage drop across 
said load being the voltage to be regulated; 

feedback means including a third transistor having its 
control electrode connected in circuit with the 
other end of the conduction path of said ?rst tran 
sistor and further having one end of its conduction 
pathconnected in circuit with the control elec 
trode of said second transistor, the conduction path 
of said third transistor being connected in series 
with with the load for controlling the current level 
therethrough; 

a fourth transistor having its conduction path con 
nected in series with the conduction path of said 
?rst transistor; and 

means for providing a constant reference potential to 
the control electrode of said fourth transistor to 
bias said fourth transistor into conduction, the con 
duction path of said fourth transistor exhibiting a 
relatively high impedance to the output signal pro 
duced by said ?rst transistor whereby said output 
signal is directly applied as a control signal to the 
control electrode of said third transistor. 

8. A voltage regulating circuit as recited in claim _7 
wherein the impedance of the conduction'path of said 
fourth transistor is substantially greater than the imped 
ance of the conduction paths of said ?rst, second and 
third transistors for the same value of bias condition, 
and wherein said ?rst and second transistors are of one 
conductivity type and said thirdvand fourth transistors 
are of a second conductivity type. 

9. A voltage regulating circuit as recited in claim 8 
further comprising: 

?rst and second terminals adapted for connection to 
a source of potential, said common junction being 
connected in circuit with said ?rst terminal through 
said relatively constant current means; 

means for connecting the conduction paths of said 
third and fourth transistors in circuit with said sec 
ond terminal; and 

circuit loading means connected between said ?rst 
terminal and the control electrode of said second 
transistor. - 

10. in combination: 
?rst and second ?eld effect transistors each having a 
conduction path and a control electrode for con 
trolling the current ?ow therethrough, and a cur 
rent source coupled to said paths for supplying cur 
rent in parallel to said paths; 

a circuit point at a reference'potential connected to 
the control electrode of the ?rst transistor; 

a second circuit point at which a voltage to be regu 
lated appears, connected to the control electrode 
of the second transistor, said voltage being a func 
tion of the current supplied to said second circuit 
point; _ 

current sensing means comprising a constant current 
element connected in series with the conduction 
path of the ?rst transistor; 

a second current source; and 
a signal responsive conduction path located between 

said second current source and said second circuit 
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point coupled to said current sensing means for 
regulating the flow of current from said second cur 
rent source to said second circuit point to thereby 
regulate the voltage at said second circuit point. 

1 l. The combination as set forth in claim 10 wherein 
said current sensing means comprises a third ?eld ef 

5 

10 

20 

25 

30 

35 

45 

50 

60 

65 

10 
feet transistor having a conduction path connected in 
series with that of the ?rst transistor, and having a con 
trol electrode connected to a) point of ?xed reference 
potential for maintaining the impedance of said path at 
a given value. 

* * * * * 
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