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ABSTRACT OF THE DISCLOSURE 
A switching DC voltage regulator having an internally 

developed reference voltage source with a Zener diode 
connected through a resistor to the input voltage source. 
This includes a connection across the Zener diode to a 
voltage divider having a tap connection as a highly ac 
curate reference voltage source to the base of a transistor 
acting as a regulating voltage comparator with an emitter 
connection sensing the regulated output voltage. The col 
lector of regulating voltage comparator transistor has a 
controlling voltage connection to the regulator switching 
voltage controlling Schmitt trigger circuit. 

This invention relates in general to switching voltage 
regulators, and in particular to a switching voltage reg 
ulator having an internally developed highly accurate volt 
age reference, and developing a very high degree of output 
Voltage regulation throughout an extended range of 
operational temperatures. 

Various existing basic Switching voltage regulators de 
velop an output voltage filtered through a low pass LC 
filter, with the output voltage compared with a reference 
voltage for producing an error signal. In these basic 
Switching voltage regulators using a trigger circuit, such 
as a Schmitt trigger, the resulting error signal derived 
from the output voltage and the reference voltage results 
in a series Switch in the input voltage line being either 
open or closed thereby producing a series of voltage pulses 
that are integrated by the low pass filter in producing 
the desired output. In a basic Switching voltage regulator 
the series switch would be, for example, a Darlington 
amplifier driven, or controlled, by a typical Schmitt trigger 
with the reference voltage compared with the output volt 
age being the voltage developed across a Zener diode, 
and with the resulting voltage being used for controlling 
the state of the Schmitt trigger. With a Zener diode being 
used in this manner for establishing a reference, in such 
a Switching voltage regulator designed for providing a 
five volt output, the output generally will not meet the 
tolerance limitation requirements of +0.25 volt DC 
throughout the range of operational temperature vari 
ation, for example, -30° C. to --80' C. Much of the 
difficulty arises since Zener diodes below about six volts 
cannot be temperature compensated and also because 
they have typically soft knee characteristics. Further 
more, tolerances of the Zener developed voltage itself is 
such a variable as to significantly contribute to the prob 
lems encountered with such basic Switching voltage regu 
lator circuits. 

It is, therefore, a principal object of this invention to 
provide a switching voltage regulator capable of meeting 
intensified DC voltage output regulation tolerance limi 
tations throughout an extended operational environmental 
range of temperature. 

Another object is to provide such a switching voltage 
regulator with a Zener diode used in a voltage divider 
being biased by the input voltage well beyond the area 
of soft knee characteristics. 

Features of this invention useful in accomplishing the 
above objects include, in a switching voltage regulator 
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2 
developing a very high degree of output voltage regulation 
throughout an extended range of operational tempera 
tures, a Zener diode connected through a resistor to the 
input voltage source actually a variable level DC voltage 
supply, and a connection across the Zener diode to a 
voltage divider with the Zener biased beyond the knee 
characteristics area of operation throughout wide voltage 
swings of the DC voltage supply. The voltage output 
sensing device in this instance is a transistor with the 
emitter connected through a resistor to the output voltage 
line of the regulator and the base connected to a tap of 
a voltage divider having a relatively stable voltage applied 
thereto as developed by the Zener diode, and the collector 
of the transistor has a controlling voltage connection 
to the regulator switching voltage controlling Schmitt trig 
ger circuit. The voltage divider involved also includes a 
diode so subject to characteristic variation change with 
temperature variation as to compensate changes in emitter 
to base impedance of the output voltage sensing tran 
sistor with variation in environmental temperature. 

Specific embodiments representing what are presently 
regarded as the best modes of carrying out the invention 
are illustrated in the accompanying drawing. 

In the drawing: 
FIGURE 1 represents a block diagram of a basic 

switching regulator; 
FIGURE 2 is a schematic showing of a prior art switch 

ing regulator conforming to the block diagram of FIG 
URE 1; and - 
FIGURE 3, a schematic of applicants' improved highly 

efficient switching voltage regulator with intensified DC 
voltage output regulation tolerance limitations throughout 
an extended operational environmental range of tempera 
ture. 

Referring to the drawing: 
With the block diagram showing of FIGURE 1 of a 

basic switching voltage regulator 10, a DC voltage source 
11, subject to a relatively high degree of DC voltage 
variation with loading, or from other effects, of from 
20 to 30 volts, supplies a voltage input to series switch 
circuit 12 with an output passed as an input to low pass 
LC filter circuit 13. The output of the low pass filter 
13 is passed as a regulated voltage to a load 14. The 
output of low pass filter 3 is also connected to a voltage 
mixing or comparing circuit 15 that is also connected to 
DC reference voltage source 16. The resulting voltage 
output of voltage mixing or comparing circuit 15 is con 
nected as the controlling voltage input to a Schmitt trigger 
circuit 17 the output of which is applied as a control fo 
the series switching circuit 12. 

In the prior art basic switching regulator 10' of FIG 
URE 2 the relatively highly variable DC voltage supply 

a has a number of output circuit connections, with its 
connection to the series switch circuit 12, including 
a connection through capacitor 18 to ground, a con 
nection through series connected resistors 19 and 20 
to the common junction of the collector of trigger circuit 
NPN transistor 21 and the base of NPN transistor 22 of 
Schmitt trigger circuit 17. Please note that the common 
junction of the series connected resistors 19 and 20 is 
connected to the cathode of Zener diode 23 the anode of 
which is connected to ground in order to establish a rela 
tively stable reference voltage for the collector to base con 
nection of transistors 2 and 22 in the Schmitt trigger 
circuit 7. The voltage input line from DC voltage source 
11 is also connected through a combination bias and 
Schmitt trigger output signal interconnecting circuit with 
the series switch 12 including a resistor 24 connected at 
one end to the input DC voltage line and at the other end 
to resistor 25, capacitor 26 and the base of PNP tran 
sistor 27 of the series switch circuit 12. The other end of 
resistor 25 and the other side of the capacitor 26 are con 



3 
nected in common to the collector of NPN transistor 22 
of the Schmitt trigger circuit 17. The emitters of transistors 
21 and 22 of the Schmitt trigger circuit 17 are connected 
in common through resistor 28 to ground. Referring back 
to the series switch circuit 12, the emitter of PNP tran 
sistor 27 is connected to the DC voltage source input line, 
and the collector is connected both to the base of NPN 
transis or 29, the collector of which is connected to the 
DC voltage input line, and through resistor 30 to the out 
put line of the series switch 12 connected to the emitter 
of the series switch circuit 12 transistor 29. This output 
line is connected to the low pass LC filter circuit 3 and 
includes a connection to the cathode of diode 31 the 
anode of which is connected to ground, and then it is con 
nected to and through coil 32 and on the output side of 
coil 32 through capacitor 33 to ground. 
The output connection regulated voltage line extending 

from the common junction of coil 32 and capacitor 33, 
of the low pass filter 13, extending to load 14 is connected 
to the cathode of Zener diode 34, and serially on through 
resistor 35 as part of the voltage comparing circuit 15 in 
the circuit of FIGURE 2, in this prior-art circuit the 
ground connection of resistor 35 is the DC voltage ref 
erence 16 of FIGURE 1. The common junction of the 
anode of Zener diode 34 and resistor 35 is connected as 
the trigger circuit controlling voltage input to the base 
of NPN transistor 21 of Schmitt trigger circuit 17. 

Referring now to the applicants' improved relatively 
low voltage switching regulator 10' of FIGURE 3 com 
ponents and subcircuits duplicating those of the prior art 
basic switching regulator of FIGURE 2 are numbered the 
same as a matter of convenience, and those circuits that 
are changed are given corresponding primed numbers and 
new and/or different components are given new numbers. 
Improvements with this low voltage switching regulator 
10' include a line extension from the common junction 
of the cathode of Zener diode 23 and resistors 19 and 20 
to the anode of diode 36 and connection serially on 
through adjustably tapped resistor 37 and resistor 38 to 
ground. The adjustable tap 39 of resistor 37 is connected 
through resistor 40 to the base of PNP transistor 41. The 
emitter of PNP transistor 4 is connected through resistor 
42 to the regulated voltage output line from the common 
junction of coil 32 and capacitor 33 of low pass filter 13. 
The collector of PNP transistor 4A is connected through 
resistor 43 to ground and also as a trigger circuit con 
trolling voltage source input to the base of NPN transistor 
21 of the Schmitt trigger circuit 17. This provides control 
circuitry in a switching regulator developing a relatively 
low regulated voltage output with greatly improved regula 
tion tolerances throughout an extended operational en 
vironmental range of temperatures. A relatively stable ref 
erence voltage is developed at the cathode of the Zener 
diode 23 connected through a resistor circuit to the input 
voltage source since the Zener diode 23 is a low current 
Zener operated beyond the knee characteristics area of 
operation throughout the normally experienced wide volt 
age swings of the DC voltage supply ii. The Zener de 
veloped voltage is used as the voltage impressed through 
diode 36 upon a voltage divider and with the voltage 
divider having a tap providing a relatively stable DC volt 
age reference source 16’ connection to the base of a tran 
sistor in the mixing or comparing circuit 15'. The emitter 
of this sensing or voltage mixing circuit 15' transistor is 
connected to the regulated voltage output line with the 
transistor being activated by variations of voltage between 
the output line as determined by the voltage bias and 
current flow between the emitter and base of the transistor 
41 for developing control voltage outputs at the collector 
of the transistor. 

Please note that the improved control circuitry of the 
relatively low voltage switching regulator of FIGURE 3 
provides particularly advantageously improved operation 
where regulated voltage output is so low as to not bias 
a Zener diode, connected, as with the prior art regulator 
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4. 
of FIGURE 2, directly to the regulated voltage output 
line, beyond the knee characteristics area of operation. 
This would be true, for example, in a specific case where 
the desired regulated voltage output called for is 5 
volts-h:0.25 volt throughout a -30° C. to --80° C. range, 
actually a -0.1 tolerance limitation. With, for example, a 
1N4099 Zener diode this voltage level is right in the knee 
characteristic area of operation or below to thereby present 
unsatisfactory operational results with circuitry such as the 
prior art circuit of FIGURE 2, The Zener diode 23, how 
ever, with its connection through resistor 19 to the DC 
voltage supply 11 that is variable over a rather extended 
DC range of from 20 volts to 30 volts develops a relatively 
stable 6.8 volts at the cathode since it is being operated 
beyond the knee characteristics area of operation. 
Components used in applicants' internal reference volt 

age source equipped relatively low voltage output switch 
ing regulator, as shown in FIGURE 3, with a DC voltage 
supply input ranging from 20 to 30 volts that has pro 
vided a regulated voltage output well within the require 
ments of 5 volts-- 0.25 volt over a -30° C. to --80° C. 
range with the output having varied only from 4.93 volts 
to 5.03 volts over the temperature range, include the 
following: 
Capacitor 18 ---------------- microfarads- 10 
Resistors: 19---------------------- ohms-- 22K 

20 --------------------------- do---- 47K. 
NPN transistors 21 and 22 ----------------- 2N 706 
Zener diode 23 -------------------------- 1N4099 
Resistors: 24 and 42 --------------- ohms-- 1.5K 

25 --------------------------- do---- 22K 
Capacitor 26 ----------------- microfarad-- 0.001 
PNP transistors 27 and 41 ----------------- 2N2907 
Resistor 28------------------------ohms.-- 120 
NPN transistor 29 ------------------------ B3460 
Resistor 30 -----------------------ohns-- 470 
Diode 31------------------------ -------- RG100D 
Coil 32 ----------------------------mh-- 0.3 
Capacitor 33.----------------- microfarads-- 6.8 
Diode 36-------------------------------- 1N3064 
Tapped resistor 37 ----------------- ohms-- 10K 
Resistors: 38 ---------------------- do---- 10K 

0 --------------------------- do---- 27K 
43 --------------------------- do---- 5.6K 

Whereas this invention is here illustrated and described 
with respect to a single embodiment thereof, it should 
be realized that various changes may be made without 
departing from the essential contributions to the art made 
by the teachings hereof. 
We claim: 
1. In a Switching voltage regulator, input connection 

means for connection to a DC voltage supply generally 
Subject to a relatively high voltage swing as compared 
to DC voltage output regulation tolerance requirements 
throughout an operational range of environmental tem 
perature; series switch means receiving an input through 
Said input connection means and developing an output; 
low pass filter means connected for receiving the output 
of said series switch means and smoothing the signal 
passed as a regulated DC voltage output; trigger circuit 
means connected for controlling said series switch means; 
a voltage comparing circuit connected to sense the regu 
lated DC voltage output of said low pass filter means and 
to said trigger circuit means as the controlling voltage in 
put source for said trigger circuit means; and a Zener diode 
with a first electrode connected to a voltage potential 
reference source, and with a second electrode circuit 
connected through impedance means to said input con 
nection means, and also circuit connected to said voltage 
comparing circuit for providing a reference voltage com 
pared to the regulated DC voltage output for regulating 
control of the switching voltage regulator. 

2. The Switching voltage regulator of claim 1, wherein 
the first electrode of Said Zener diode is the anode of 
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the Zener diode and the voltage potential reference is 
ground; and the second electrode of the Zeiner diode is 
the cathode of the Zener diode. 

3. The switching voltage regulator of claim 1, wherein 
Said voltage comparing circuit includes a multielectrode 
Solid state device with a first electrode connected to 
sense the regulated DC voltage output of said low pass 
filter means, a second electrode connected to said Zener 
diode for a reference voltage connection, and a third 
electrode connected to said trigger circuit as the con 
trolling voltage input source connection for said trigger 
circuit means. 

4. The Switching voltage regulator of claim 3, wherein 
the circuit connection between the Zener diode and said 
voltage comparing circuit includes a voltage divider. 

5. The switching voltage regulator of claim 4, wherein 
a solid state diode is included in the circuit connection 
between the Zener diode and said voltage comparing 
circuit. 

6. The switching voltage regulator of claim 5, wherein 
the voltage divider includes a tapped resistor, and with 
the connection from the Zener diode being to and through 
said solid state diode to one end of said tapped resistor; 
the other end of said tapped resistor being connected to 
a voltage potential reference source; and the tap of said 
tapped resistor being connected to the second electrode 
of said multielectrode solid state device. 

7. The switching voltage regulator of claim 6, wherein 
said multi-electrode solid state device is a transistor with 
said first electrode an emitter, the second electrode the 
base, and the third electrode the collector of the tran 
sistor. X W . 
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8. The switching voltage regulator of claim 7, wherein 

said transistor is a PNP transistor with the collector con 
nected to ground through a resistor, and from the junc 
tion of the collector and the resistor to said trigger circuit. 

9. The switching voltage regulator of claim 8, wherein 
the regulated voltage output is a positive voltage; said 
trigger circuit is a Schmitt trigger circuit including two 
transistors; and with the connection from the collector 
of the transistor of the voltage comparing circuit to the 
trigger circuit being to the base of one of the transistors 
of the Schmitt trigger circuit. 

10. The Switching voltage regulator of claim 7, wherein 
said Zener diode is a relatively low current diode operated 
beyond the knee characteristics area of operation, and 
develops a voltage reference at said second electrode 
having a greater absolute value than the absolute value 
of the regulated voltage output of the regulator. 
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