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POWER SUPPLY HAVING INTERCONNECTED 
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ABSTRACT OF THE DISCLOSURE 

A plurality of voltage regulators are sequentially in 
terconnected so that the bias voltage required by one 
voltage regulator is provided by the regulated output of 
the immediately preceding voltage regulator. The output 
voltages of the regulators have low ripple components. 
When the output voltage of any one of the regulators falls 
below its regulated value, all of the voltage regulators 
are disabled, thereby protecting them from overload con 
'ditions. 

BACKGROUND OF THE INVENTION 

Frequently it is required that a power supply provide 
multiple regulated outputs for supplying voltages to a 
combination of utilization circuits forming an integral 
operating device. If any one utilization circuit of the 
combination becomes shorted or otherwise malfunctions 
to overload its corresponding voltage supply, it is prefer 
able that the entire system be turned off so as to prevent 
improper operation of the system and protect the other cir 
cuits of the combination from possible damage. In ad 
dition to this protective feature, the power supply should 
provide accurately regulated output voltages, each of 
which has a low ripple component. Preferably a power 
supply with these features and advantages should have 
a simple and economical circuit con?guration. 

SUMMARY OF THE INVENTION 

The present invention, in one speci?c embodiment, 
includes two or more sequentially connected voltages 
regulators, each of which has a series regulating element 
and output voltage responsive control means therefor. 
Each regulating element and its corresponding control 
means are biased into operation by the output voltage of 
the immediately preceding voltage regulator. Since the bias 
voltage is regulated, the ripple component at the output 
is low. A drop in the output voltage of any one voltage 
regulator due to an overload condition, for example, de 
creases the bias to the next succeeding voltage regula 
tor, which consequently becomes non-conducting. This 
process is repeated until all of the voltage regulators are 
turned olf. The ?rst and last ones of the sequentially con 
nected voltage regulators include circuit components hav 
ing complementary conductivities to permit suitable in 
terconnection of the bias voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a combined schematic and block diagram 
illustrating two interconnected, reciprocally biased voltage 
regulators of one embodiment of the present invention. 
FIGURE 2 is a simpli?ed block diagram illustrating the 

connections between the two voltage regulators of FIG 
URE 1. 
FIGURE 3 is a block diagram illustrating a multiple 

output power supply including a plurality of intercon 
nected mutually biased voltage regulators in accordance 
with another embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIGURE 1, there are shown two volt 
age regulators, the ?rst of which includes positive and 
negative input terminals 11, 13 for receiving an unregu 
lated DC. voltage, and positive and negative output ter 
minals 15, 17 for supplying a regulated voltage to a 
load. The unregulated DC. voltage may be provided 
in the conventional manner by the combination of an 
A.C. transformer and a four-diode bridge circuit, not 
shown. A ?lter capacitor 19 is connected across the in 
put terminals 11, 13. , 
A voltage regulating transistor 21 of the PNP type is 

connected in series between the negative input terminal 
13 and the negative output terminal 17. Regulating tran 

' sistor 21 is driven through its base electrode by an inter 
mediate PNP type transistor 23, the two transistors 21, 
23 being connected in the Well-known Darlington com 
pound con?guration. 
The conductivities of transistors 21, 23 are varied by 

control means including a PNP type transistor 25 hav 
ing its collector electrode connected to the base elec 
trode of transistor 23. The control signal produced by 
transistor 25 is dependent upon the difference between a 
reference voltage and a proportion of the regulator out 
put voltage. ‘Speci?cally, the reference voltage is provided 
by a Zener diode 27 connected in series between the emit— 
ter electrode of transistor 25 and the positive output ter 
minal 15. A proportion of the regulator output voltage 
is derived from a voltage divider formed by two resistors 
29, 31 connected in series between the output terminals 
15, 17. The common junction of resistors 29, 31 is con 
nected to the base electrode of transistor 25. The Zener 
diode 27 and the three transistors 21, 23, 25 are suitably 
biased from a negative potential source by biasing means 
hereinafter described. 

In operation of the above-described voltage regulator, 
the conductivity of transistor 21 is varied in accordarwfg?“ 
with changes in the loading conditions between output 
terminals 15, 17. An increase in the load is accompanied 
by a tendency for the output voltage to drop. Transistor 
25 is then biased toward non-conduction, and in turn 
transistor 21 is biased toward greater conduction to raise 
the output voltage. Conversely, if the load decreases, trans 
sistor 25 is biased toward conduction and transistor 21 
conducts less. Thus, any change in load conditions re 
sults in a compensatory change in the conduction of tran 
sistor 21 to maintain the output voltage across terminals 
15, 17 constant. 
The circuit con?guration of the second voltage regulator 

is similar to that of the ?rst voltage regulator described 
hereinabove. Speci?cally, the second voltage regulator in 
cludes positive and negative input terminals 33, 35 for 
receiving an unregulated D.C. input voltage, a ?lter capac 
itor 37, a pair of output terminals 39, 41 connectable to 
a load, and a main series connected voltage regulating 
transistor 43 of the NPN type. Transistor 43 is driven 
by an intermediate NPN type transistor 45, and the pair 
of transistors 43, 145 are controlled by an NPN type 
transistor 47. The control signal produced by transistor 
47, and thus the conductivity of transistor 43, depends 
on the difference between the reference voltage produced 
by a Zener diode 4'9 and the voltage output from a volt 
age divider formed by resistors 51, 53. The operation 
of the second voltage regulator is substantially the same 
»as that previously described with respect to the ?rst volt 
age regulator. 
The ?rst and second voltage regulators are reciprocally 

biased in variable conduction modes of operation by 
biasing means interconnecting the output of each regulator 
with the bias input of the other regulator. Specifically, the 
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junction of the collector electrode of transistor 25 and the 
base electrode of transistor 23 is connected through a re-' 
sistor 55 to a bias input terminal 57. Terminal 57 is con- . 
nected to the output terminal 41 of the second voltage 
regulator, which provides a negative bias voltage —Vb1. 
The voltage from terminal 57 also biases Zener diode 27 
into conduction through a resistor 59. 

Similarly, the second voltage regulator receives a posi 
tive bias voltage +Vb2 through resistors 61, 63 and ter 
minal 65, the latter of which is connected to the output 
terminal 15 of the ?rst voltage regulator. ' 

In order to properly reference the output of each regu 
lator for use as the bias input to the other regulator, the 
output terminal 17 of the ?rst regulator is connected to 
the opposite polarity output terminal 39 of the second 
regulator. The two terminals 17, 39 are also connected to 
a common terminal 67. Thus there are provided three 
output voltages V1, V2, V3 at terminals 15, 67, 41, re 
spectively, any one of which may serve as a reference 
voltage. For example, if terminal 67 is grounded, voltages 
V1, V3 will have opposite polarities with respect to one 
another. It can be seen that the output voltages V1, V3 
correspond respectively to the bias voltages +Vb2, —Vb1.' 

It is to be noted that the bias voltage of each voltage 
regulator is considerably higher than the output voltage 
of the same regulator, and in the situation where the un 
regulated D.C~. input voltages for each regulator are iden 
tical, the ratio of bias voltage to output voltage is 2:1 
for each regulator. This voltage relationship is particu 
larly desirable and is made possible because transistors 
23, 25 and transistors 45, 47 are of complementary con 
ductivity types, thus permitting the use of bias voltages 
of the opposite polarity. 

Since the two bias voltages are regulated, the output 
voltages from each regulator have low ripple components. 
The overall circuit con?guration is simpli?ed and incor 
porates a minimum number of components because addi 
tional pro-regulators for the bias voltages are not required. 
Also, ?lter capacitors 19, 37 can be made considerably 
smaller than those required in prior art voltage regu 
lators. 
An important aspect of the interconnected voltage regu 

lators described hereinabove is that each regulator de 
pends for proper operation upon the bias voltage received 
from the other regulator. If the output of the ?rst voltage 
regulator is shorted or overloaded so that the output 
voltage drops, the bias voltage supplied to the second 
regulator will also drop thereby rendering the regulating 
transistor 43 non-conducting. This in turn causes a drop 
in the output voltage across terminals 39, 41 and in the 
bias voltage applied to the ?rst regulator through ter~ 
minal 57. Therefore, the regulating transistor 21 becomes 
non-conducting. The general result of the reciprocal bias 
ing arrangement is that if one voltage regulator is over 
loaded, it will disable the other voltage regulator, which 
in turn disables the ?rst voltage regulator. 

If both voltage regulators are disabled, due to an over 
load condition for example, they will remain disabled 
even after the overload condition is removed because 
neither regulator is properly biased. In order to initiate 
conduction of the regulating transistors 21, 43, one of the 
voltage regulators, for example the second voltage regu 
lator, is provided with starting means including a capaci 
tor 69, a switch 71, and a resistor 73 connected in series 
between the collector electrode of transistor 47 and the 
common junction of input terminal 33 and the collector 
electrode of transistor 45. During normal operation of the 
?rst and second voltage regulators, switch 71 is in the po~ 
sition shown in FIGURE 1 and the capacitor ‘69 is par 
tially charged with a low voltage, on the order of 3-4 
volts. When the two regulators are disabled, regulating 
elements 21, 43 are non-conducting and the voltage across 
capacitor 69 rises to equal the unregulated D.C. input 
voltage across terminals 33, 53. The regulators are started 
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4 
by discharging capacitor 69 and then permitting this 
capacitor to charge through the base-emitter junctions 
of transistors 43, 45, thus causing these two transistors 
to conduct. This biases the ?rst voltage regulator into 
operation, which in turn properly biases the second volt 
age regulator, so that both regulators again operate. 
The aforementioned discharging of capacitor 69 is 

achieved in one of two ways. Firstly, the unregulated DC. 
voltage may be disconnected from input terminals 33, 35, 
in which case capacitor 69 discharges through a resistor 
75 connected across the input terminals. Alternatively, 
capacitor 69 may be'discharged by momentarily moving 
the common arm of switch 71 into a position which shunts 
the end terminals of the capacitor. 
FIGURE 2 illustrates the previously described ?rst and 

second voltage regulators in block diagram form, with 
their respective input, output and biasing terminals num 
bered as shown in FIGURE 1. Also illustrated are the 
interconnections between these two voltage regulators, 
and the connections providing the three output voltages 
V1, V2, V3. The interconnecting circuitry is not limited to 
two voltage regulators, but instead may be generalized to 
a plurality of sequentially arranged voltage regulators, as 
shown in FIGURE 3. Speci?cally, the exemplary embodi 
ment of FIGURE 3 includes four voltage regulators, each 
having a circuit con?guration similar to one of the ?rst 
and second voltage regulators described hereinabove, and 
each including a pair of input terminals for receiving an 
unregulated input voltage VIN, a bias voltage input ter 
minal Vb, and positive and negative output terminals. The 
positive output terminal of each regulator except the last 
one provides a bias voltage for the next succeeding regu 
lator. Also, the negative output terminal of each voltage 
regulator except the last one is connected to the positive 
output terminal of the immediately succeeding voltage 
regulator. The last voltage regulator of the sequential ar 
rangement has its negative output terminal connetced to 
the bias input terminal of the ?rst voltage regulator. Pref 
erably, the ?rst and last voltage regulators employ com 
plementary circuit con?gurations, as described herein 
above with respect to FIGURE 1, so that the ?rst volt 
age regulator will operate with a negative bias and the last 
voltage regulator will operate with a positive bias. 
The four voltage regulators of FIGURE 3 may pro 

vide as many as ?ve output voltages V1’, V2’ . . . V5’, 
any one of which may be referenced to ground. If the 
output of any one of these voltage regulators is over 
loaded, all of the regulators are disabled, due to the suc 
cessive loss of bias voltage in each regulator in the man 
ner described above with respect to FIGURE 1. 
What is claimed is: 

_ 1. A power supply circuit for providing multiple regu 
lated output voltage comprising: 
a plurality of sequentially arranged voltage regulators 

each including: 
positive and negative input terminals for receiving 

an unregulated voltage; 
positive and negative output terminals for provid 

ing a regulated voltage to a load; 
regulating means having a variable conduction cur 

rent path connected in series between one of 
said input terminals and the corresponding one 
of said output terminals of like polarity; 

means for controlling and protecting said regu 
lating means, said controlling and protecting 
means including: 

a source of reference voltage; 
driver means for varying the conduction of 

said current path in response to the di?er 
ence between said reference voltage and the 
voltage at said output terminals means; 

terminal means for receiving a‘ bias voltage; 
means interconnecting said bias voltage termi— 

nal means and said driver means for sub 
stantially decreasing the conduction of said 
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current path to disable said regulating 
means when said bias voltage falls below 
a predetermined level; 

means connecting the bias voltage terminal means 
of the ?rst one of said plurality of sequentially 
arranged voltage regulators to the negative out 
put terminal of the last one of said voltage regu 
lators; 

means connecting the positive output terminal of 
each of said voltage regulators other than said 
last voltage regulator to the bias terminal means 
of the immediately succeeding one of said se 
quentially arranged voltage regulators; and 

means connecting the negative output terminal of 
each of said voltage regulators other than said 
last voltage regulator to the positive output ter 
minal of the immediately succeeding one of said 
sequentially arranged voltage regulators; 

whereby all of said plurality of voltage regulators 
are disabled when the output voltage of any 
one regulator falls below said predetermined 
bias voltage level. 

2. The circuit of claim 1, said driver means of the ?rst 
and last ones of said plurality of sequentially arranged 
voltage regulators respectively including a transistor, said 
transistors being of complementary conductivity type. 

3. A multiple output power supply comprising: 
?rst and second voltage regulators respectively having 
I one polarity and opposite polarity input terminals 
connectable to a source of unregulated voltage, and 
one polarity and opposite polarity output terminals 
connectable to a load, each of said voltage regulators 
including: ' 

a regulating element having a ?rst main current 
carrying electrode connected to one of said input 
terminals, a second main current carrying elec 
trode connected to the corresponding one of said 
output terminals of like polarity, and a control 
electrode; 

a source of reference voltage; 
means connected to said control electrode for con 

trolling the current conduction of said regulating 
element in response to the difference between 
said reference voltage and 1a proportion of the 
voltage across said output terminals; 

?rst means for biasing the regulating element of said 
?rst voltage regulator into non-conduction when the 
voltage across the output terminals of said second 
voltage regulator falls below a predetermined level, 
said ?rst biasing means being connected between said 
one polarity output terminal of said second voltage 
regulator and the control electrode of said regulating 
element of said ?rst voltage regulator; 

second means for ‘biasing the regulating element of said 
second voltage regulator into non-conduction when 
the voltage across the output terminals of said ?rst 
voltage regulator falls below a predetermined level, 
said second biasing means being connected between 
said opposite polarity output terminal of said ?rst 
voltage regulator and the control electrode of said 

10 

15 

20 

25 

35 

40 

55 

6 
regulating element of said second voltage regulator; 
and 

means for connecting said one polarity output terminal 
of said ?rst voltage regulator to said opposite polar 
ity output terminal of said second voltage regulator. 

4. The power supply circuit of claim 3, said controlling 
means for said ?rst and second voltage regulators, each 
including: 

voltage divider means connected across the output ter 
. minals of the corresponding one of said voltage regu 
lators; and 

a transistor having one main current carrying electrode 
coupled to the corresponding one of said regulating 
element control electrodes; another main current 
carrying electrode connected to the corresponding 
one of said reference voltage sources; and a control 
electrode connected to the corresponding one of said 
voltage divider means; 

said transistors of said ?rst and second voltage regu 
lator controlling means having complementary con 
ductivities. 

5. The power supply circuit of claim 4, wherein each 
of said ?rst and second voltage regulators further includes 
an intermediate driver transistor connected between the 
corresponding ones of said regulating elements and said 
controlling means. 

6. The power supply circuit of claim 4, each of said 
sources of reference voltage including: 

a Zener diode; and 
means connected to the corresponding one of said ?rst 

and second biasing means for biasing said Zener 
diode. 

7. The power supply circuit of claim 3, further includ 
ing starting means for initiating conduction of said regu 
lating elements after said regulating elements are biased 
into non-conduction said starting means including: 

capacitor means coupled in a series current path be 
tween the ?rst main current carrying electrode and 
the control electrode of the regulating element of one 
of said ?rst and second voltage regulators; and 

resistance means coupled between the input terminals 
of said one voltage regulator for discharging said 
capacitor means in the absence of an unregulated 
voltage across said input terminals. 

8. The power supply circuit of claim 7, said starting 
means further including switch means for momentarily 
discharging said capacitor means. 
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