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P I  ABSTRACT 

A voltage regulated DC to DC converter is disclosed 
which is operable over a wide range of input voltage 
including voltages greater or less than the desired out- 
put voltage. The converter uses an inductor and a ca- 
pacitor as storage elements, the inductor being com- 
posed of two windings having a common junction. A 
transformer having a center tap connected to the com- 
mon junction of the two windings of the inductor is 
connected at either end of its winding to ground 
through controlled switches. One winding of the induc- 
tor and either end of the transformer winding are con- 
nected by respective power diodes to the capacitor 
which supplies the output voltage to a load. The other 
winding of the inductor is connected to a fourth power 
diode as a clamping diode. Input voltage is supplied to 
the inductor through a third controlled switch. A pulse 
width modulator connected to the output of the con- 
verter alternately closes and opens the switches con- 
nected to either end of the transformer winding and also 
closes the switch supplying input voltage to the induc- 
tor each time either of the switches connected to the 
ends of the transformer winding are closed. The duty 
cycle of the closing and opening of the several switches 
is adjusted by the pulse modula 
put voltage. 

8 Claims, 10 Drawi 
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ing to ground. In addition to these disadvantages, high 
BUCK/BOOST REGULATOR ripple currents in more than one capacitor are pro- 

duced, and the maximum voltage of the switches con- 
ORIGIN OF THE INVENTION nected to the ends of the transformer winding and the 

ees of the U.S. government and may be manufactured Another approach was to Provide an energy storage 

purposes without the payment of any royalties thereon the energy storage boost circuit comprised an inductor 
or therefor. connected in series with a power diode between posi- 

10 tive input and output terminals. An energy storage ca- 
BACKGROUND OF THE INVENTION pacitor was connected across the output terminals, and 

The present invention generally relates to DC to DC a controlled switch was connected between the junc- 
converters and more particularly to a buckhoost pulse tion of the inductor and the power diode and ground. A 
width modulated regulator which is operable to pro- pulse width modulator was connected across the output 
vide a desired output voltage over a wide range of input of the capacitor and controlled the opening and closing 
voltage including voltages greater than or less than the of the switch. The buck circuit included a controlled 
desired output voltage. switch connected in series with an inductor between 

Regulated DC to DC converters utilizing pulse width positive input and output terminals with a capacitor 
modulation have taken several configurations in the connected across the output. 'A power diode was con- 
prior art. The general requirements for such converters 2o nected between the junction of the controlled switch 
are for high efficiency, small converter Size and weight, and the inductor and ground. A second pulse width 
good output voltage regulation, small output ripple, and modulator was connected across the capacitor and con- 
the capacity to withstand wide load variations. Addi- trolled the opening and closing of the switch supplying 
tional requirements are often dictated by the specific the inductor of the buck circuit. Again, there are several 

requirements imposed On such converters are those modulators are required. Second, additional inductors 

munications or meteorological satellite. In such applica- are produced in 

batteries which are charged by solar cell arrays. Since 30 buckhoost configuration. This arrangement has 

pulse width modulators are replaced by oscillators. A earth, the state of charge of the batteries and hence the 
input voltage varies widely. Because of the wide varia- free running oscillator controls the switches which are tion in input voltage, the DC to DC converter in this 
particular application must be capable of providing 35 connected to either end of the transformer winding in 
both buck and boost in order to provide a continuously the boost circuit. A single inductor and capacitor are 

used as storage elements for both buck and boost, and regulated output voltage of the desirec value. 
One previous approach was to provide either a buck the power diodes connected to either end of the trans- 

followed by a boost or a boost followed by a buck. former winding are connected by third and fourth con- 
either case, the boost circuit comprised a center tapped @ trolled switches to the inductor. A phase 
transformer winding the ends of which were connected oscillator is connected across the output capacitor to 
to ground through controlled switches. The ends of the control the opening and closing of the third and fourth 
transformer winding were also connected by power switches* 
diodes to an inductor and a capacitor which acted as While the phase controlled buckhoost approach 
storage elements. The voltage across the capacitor was 45 does have the advantage of eliminating one of the in- 
supplied to a pulse width modulator to alternately open ductors and capacitors, two oscillators are still required 
and close the switches connected to the ends of the to control the several switches. Care must be exercised 
transformer winding. Input voltage to the boost circuit in design of this type of circuit to Prevent the simulta- 
was supplied to the center tap of the transformer wind- neous conduction (overlap) of the switches Connected 
ing. The buck circuit included another inductor SUP- 50 to either end of te transformer winding. Moreover, 
plied with an input voltage via a third controlled these switches operate at twice the input voltage. 
switch. This inductor supplied voltage to another ca- There has been yet another approach to providing 
pacitor, and the voltage across this capacitor was sensed both buck and boost in a DC to DC converter which 
by a second pulse width modulator which controlled results in considerable simplification over any of the 
the opening and closing of the third switch. 55 circuits described thus far. This approach may be char- 

here are several disadvantages associated with this acterized as the energy storage approach and is typi- 
oach whether implemented as a buck followed by a cally implemented with a transformer having a primary 

boost or a boost followed by a buck. First of all, two winding connected in series with a controlled switch 
pulse width modulators are required, one for the boost across a source of input voltage. The secondary wind- 
circuit and one for the buck circuit. This, of course, 60 ing of the transformer is connected by a power diode to 
complicates the circuit with an attendant lowering of charge a storage capacitor connected across the output 
both reliability and efficiency. Second, separate induc- of the converter. A pulse width modulator is connected 

and capacitors are required in each of the buck and across the capacitor and controls the switch in series 
st circuits which greatly adds to the bulk and weight with the primary winding to provide a regulated output 

of the converter. Third, considerable care must be exer- 65 voltage. While very appealing in its simplicity, this 
cised in the design of the boost circuit to prevent the approach has some significant disadvantages including 
simultaneous conduction (overlap) of the controlled high ripple currents at the output of the converter and 
switches connecting the ends of the transformer wind- high peak currents through the controlled switch in 

The invention described herein was made by employ- 

and used by or for the government for governmental 

boost circuit is twice the input voltage. 

boost followed by a buck or vice versa. In either case, 

application of the converter. Perhaps the next Severe 25 disadvantages to this approach. First, two pulse width 

dictated by space as, for in a and capacitors are required. Third, high ripple currents 

tion% the input power is by Another approach was to use a phase controlled 

the ''Iar 

than one capacitor. 

arrays are periodically shaded by the similarities to the first described circuit except that the 
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series with the primary of the transformer. In addition, FIGS. 3a. 36 and 3c are pulse waveforms illustrating 
this switch operates at greater than the input voltage. the switching control pulses from the pulse width mod- 

Not only is it desirable in a space application; such as ulator when the input voltage is low; and 
a satellite power supply, to simplify the circbitry for FIG. 4 is a detailed block and schematic diagram of 
reasons of bulk and weight limitations, but it is vitally 5 the Preferred embodiment of the invention. 
important that both the efficiency and the reliability of 
the circuit be as high as possible. Obviously, increased 
efficiency leads to lower power source requirements 
and substantially less heat dissipation. Since the con- With reference to FIG. 1, the input voltage is SUP- 

trolled switches of the DC to DC converters are typi- 10 plied across input terminals 11 and 12, terminal 12 being 
tally switching transistors, lowering of the maximum connected to ground. An iron core inductor 13 is con- 

nected in series between terminal 11 and a controlled voltages across these transistors and the maximum cur- 
rent through them will result in improved reliability of switch 14 comprising parallel switching transistors 15 

and 16. Actually, a single switching transistor would the power supply. 
15 suffice provided that the base drive switching pulses 

SUMMARY OF THE INVENTION provided to each of transistors 15 and 16 are provided 
to the single switching transistor. The junction of induc- 
tor 13 and switch 14 is connected to a capacitor 17, the 

DESCRIPTION O F  THE PREFERRED 
EMBDDIMENT 

It is therefore an object of the present invention to 
provide a 
range Of input 

regu1ator 'perable Over a wide other end of which is connected to ground. The indue- 
greater Or less 20 tor 13 and the capacitor 17 function as a low-pass LC 

The energy storage elements of the converter are the 
input filter. than the desired output voltage. 

age buck/boost DC to DC converter which iron core inductor 18 and the output capacitor 19. The 
exhibits improved efficiency over prior art buckboost inductor 18 is composed of two windings 20 and 21, 
regulators. 25 winding 20 having a number of turns N1 and winding 21 

A further object Of the invention iS to provide a Volt- having a number of turns N2. Windings 20 and 21 are 
age regulated buck/boost DC to DC converter which connected to a common junction 22 which is connected 
exhibits improved reliability over prior art buck/boost to the center tap of transformer winding 24. Trans- 
regulators. former winding 24 is divided by center tap 23 into two 

Yet another object of the invention is to provide a 30 halves 25 and 26, each of which has N1 turns. The ends 
voltage regulated buckboost DC to DC converter of the transformer winding 24 are essentially connected 
which exhibits low voltage and current output ripple to ground by NPN switching transistors 27 and 28 when 
characteristics. one or the other is fully conducting. 

Still another object of the invention is to provide a Winding 20 of inductor 18 is connected to switch 14 
voltage regulated buckboost DC to DC converter 35 and also to the cathode of power diode 29, the anode of 
which exhibits characteristics of simplicity and light which is connected to ground. Power diodes 30,31 and 
weightedness. 32 connect winding 21 of inductor 18 and either end of 

According to the present invention, the foregoing the transformer winding 24, respectively, to the output 
and other objects are attained by providing circuitry storage capacitor 19. A load represented by resistor 33 
where a first switch is connected between a power 40 is connected across the storage capacitor 19. The Output 
source and energy storage elements. The energy storage Of the converter is connected to a Pulse width modu1a- 
elements are, in turn, connected to the output. A single tor 34 which provides output switch control pulses to 
regulator, including a second switch, is connected to , each Of the switching transistors l5> 16, 27 and 28. 

Another object of the invention is to provide a 

the output and senses the output voltage. In response In Order to describe the 'peration Of the circuit 
thereto, the second switch controls the operation of the 45 shown in 
first switch. The circuit configuration provides that the 
first switch operates at a voltage essentially no greater 

'9 the assumptions are made: 
large to maintain the Output 

cyc1e* inductor l8 is 
capacitor l9 is 

constant during a 
sufficiently large to maintain a net DC magnetic field, 
and inductor 18 is wound such that N2=N1. When 

50 switching transistors 16 and 27 conduct, diodes 29, 30 

winding 2o of inductor 18 to the center tap of trans- 
former winding 24. The current then divides, half 
through transistor 27 to ground and half through diode 

55 32 to the output capacitor 19 and load 33. Thus, the 
inductor current at this time is equal to twice the cur- 
rent going to capacitor 19 and load 33. When all 
switches are open, i.e., each of transistors 15, 16, 27 and 
28 is non-conduCting, diodes 29 and 30 become forward 

60 biased, and diodes 31 and 32 are reverse biased. The 
inductor 18 is clamped to ground by diode 29 and to the 
output by diode 30. The inductor current is equal to 
one-half the original inductor current, thus maintaining 
essentially the same magnitude of current to capacitor 

65 19 and load 33. By providing essentially constant cur- 
rent to the capacitor and load, the output ripple current 
and voltage are inherently very low. The pulse width 
modulator 34 adjusts the duty cycle as required to main- 

than the input voltage and the second switch operate at 
a voltage essentially no greater than the output voltage. 

ripple characteristics and very good reliability com- 
pared to conventional regulators where the switches are 
subjected to twice the input or output voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects? advantages and 

aspects ofthe invention will be better appreciated from 
the following detailed description with reference to the 
accompanying drawings, in which: 

FIG. 1 is a simplified schematic and block diagram Of 
the preferred embodiment of the invention; 

FIGS. la  and 1b are each fragmentary schematic 
diagrams of modifications to the basic circuit shown in 
FIG. l; 

FIGS. 2a. 26 and 2c are pulse waveforms illustrating 
the switching control pulses from the pulse width mod- 
ulator when the input voltage is high; 

The is a regu1ator which has good efficiency and and 31 are biased, and Current flows through 
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tain the output voltage. This circuit configuration will pulse width modulator 34 to be relatively short. FIG. 2u 
regulate the output voltage for an input ranging from graphically represents the switching pulses to switching 
O ~ - h a l f  the output voltage to the voltage limits of transistor 27, and FIG. 26 illustrates the switching 
switch 14 for a duty cycle capability ofthe Pulse width pulses to switching transistor 28. FIG. 2c is simply a 
modulator from 100 percent to zero. Assuming ideal 5 combinition of FIGS. za and 26 and indicates the 
switches and diodes, the output voltage for this configu- switching pulses to switch 14, the embodiment 
ration is given by the following expression: shown in FIG. I, switch 14 is composed of two switch- 

ing transistors 15 and 16 connected in parallel and re- 
spectively receiving the switching pulses represented 

where a= ton/T, the duty cycle of the pulse width mod- 
ulator. The FIG. 1 circuit design requires that when switch 

extend the range to a lower input 27 closes, switch 16 also closes and, alternatively, when 
voltage or a higher output voltage by adding additional switch 28 Closes, switch 15 also closes. AS shown, when 
boost to the transformer. These windings are either transistor switch 27 or 28 closes, the base of the 
shown in FIG. 1~ as winding 35 interposed between l 5  closed switch will be clamped to ground plus the volt- 
winding 25 and diode 31 and winding 36 interposed age drop across its base-emitter junction, or approxi- 
between winding 26 and diode 32. The combined turns mately 0.7. This iS itlsuffiicient Voltage to Close switch 15 
of windings 25 and 35 is N2 and the combined turns of O r  16. Accordingly, level shift circuitry is provided 
windings 26 and 36 is also N2. For minimum ripple 2o to convert the pulses from the'pulse width modulator to 
current through the output capacitor 19, the N2/N1 pulses furnishing sufficient drive to close switches 15 or 
turns ratio of inductor should be equal to the turns ratio 16. 
N2/Nl of the transformer. As shown, the ratio N2/N1 If switch 14 were merely composed of a single 
is greater than 1; however, for applications requiring a switching transistor, the two outputs of pulse width 
minimum boost, the ratio N2/N1 can be less than one. 25 modulator 34 could be combined in an OR gate to pro- 
The choice of the ratio N2/N1 will depend on the ratio duce the pulse waveform shown in FIG. 2c to that 
of the output voltage to the minimum input voltage and switching transistor. In contrast to the condition of high 
the maximum duty cycle capability of the pulse width input voltage, FIGS. 3u, 36 and 3c illustrate the pulse 
modulator. More specifically, the ratio is defined as waveforms from the pulse width modulator 34 when 
follows: 3o the input voltage is low. Under this condition, the pulse 

width durations are relatively long, switch 14 being 
open or turned off for very short periods of time. For 
conditions of very low input voltage, the duty cycle 

tions, the regulator is acting as a boost regulator. of the pulse width modulator. 

either of the switching transistors 27 or 28 are conduct- mentation of the buck/boost regulator illustrated in 

voltage across inductor 18 when all switches are "off", nate identical or corresponding parts. In FIG. 4, trans- Le., each of transistors 15, 16, 27 and 28 are non-con- formers 46 and 47 connected in the base-emitter circuits ducting, is equal to E, plus two diode voltage drops. As 40 
shown in FIG, lB, adding secondary center tapped of transistors 1 5 1 6  and 27,28, respectively, are current 
windings to the transformer amd secondary windings to transformers to provide proportional current drive to 
the inductor and rectifying the currents will give regu- the switching transistors. Transformers 48 and 49 con- 
lated voltages for operating other circuitry that require nected to the base circuits of switching transistors 15,16 

M~~~ specifically, and with reference to FIG. 1 ~ ,  the tors 50 and 51 are inhibit transistors and are connected 
transformer is provided with secondary windings 37 to the primaries of the drive transformers 48 and 49 by 
and 38 having a center tap 39 Connected to ground. diodes 52, 53 and 54, 55, respectively. The pulse width 
Inductor 18 is provided with a secondary winding 40 modulator 34 is an integrated circuit type SG1524 man- 
one end of which is connected to ground. Windings 37, 50 ufactured by Silicon General and provides drive pulses 
38 and 40 are connected by power diodes 41, 42 and 43 to the bases Of transistors 50 and 51. The puke width 
to output storage capacitor 44 and load 45. The second- modulator Contains a Voltage reference, an error ampli- 
ary winding 40 of inductor 18 is phased for its high side fier, an oscillator, a pulse width modulator, a pulse 
to be positive when switching transistor 27 is non-con- steering flip-flop, dual alternating Output switches, cur- 
ductive for a positive output. It will be appreciated that 55 rent limiting and shut down circuitry. The dual alternat- 
the secondary winding 40 of inductor 18 has the effect ing output switches controlled by the pulse steering 
of filling in the gaps of the full wave rectifier compris- flip-flop have outputs at pins 12 and 13 of the integrated 
ing diodes 41 and 42 connected to the secondary of the circuit which are connected to the base circuits of the 
transformer. While FIG. 1B illustrates only one second- inhibit transistors by means of parallel connected diode 
ary for each of the transformer and the inductor, a 60 and capacitor combinations 56,57 and 58,59. The pur- 
plurality of such secondary windings can be provided to pose of the diode and capacitor in each of the base 
supply as many auxiliary voltages as may be required. circuits of inhibit transistors 50 and 51 is to provide back 

The operation of the several modifications is the bias for positive turn off of the transistors when the 
same. When the input voltage is high, the operation is drive signal from the pulse width modulator is re- 
that of abuck regulator, while when the input voltage is 65 moved. A precision voltage divider 60, 61 divides the 
low, the operation is that of a boost regulator. With internal voltage reference available at pin 16 by one-half 
specific reference to FIGS. 2a 26 and 2, a high input and supplies pin 2 with the divided voltage. Capacitor 
voltage causes the switching pulse durations from the 62 is a filter capacitor. Capacitor 63, on the other hand, 

&,= UZE,,.  

10 by FIGS. 26 and 2a. 

It is possible 

NZ/NI=E,,/[aE,,(min)] - I .  

where a represents the maximum duty cyc1e may approach or equal 100 percent. Under these condi- 

The Output On transformer winding 24 when 35 FIG. 4 illustrates a example of the imple- 

FIG. 1. In FIGS. 1 and 4, like reference numerals desig- is to Eo plus One diode "Itage drop' The 

either isolation or different voltage levels other than E,. 45 and 27* 28y respectively~ are drive transformers* Transis- 



7 
4,245,286 

8 
provides a slow start turn-on when power is first ap- plifier 86 switches state causing the output to go to zero 
plied. Resistor 64 and capacitor 65 connected in series volts. This causes diode 90 to conduct, pulling pin 9 of 
between pin 9 and ground provide frequency compen- pulse width modulator 34 to ground and thus terminat- 
sation, and feedback from the output of the converter to ing switching transistor drives for the balance of the 
the pulse width modulator is provided by another preci- 5 cycle. An oscillator pulse from pin 3 of pulse width 
sion voltage divider 66,67 to pin P of pulse width modu- modular 34 supplied through diode 91 to the non-invert- 
lator 34. ing input of amplifier 86 resets the amplifier to again 

A Pulse width modulator signal from the Pulse width sample the input current for the next cycle. Thus, the 
modulator 34 on pins 12 of 13 turns off either of inhibit circuit has a one cycle response. 
transistors 50 or 51 to provide drive to the switching 10 Operational amplifier 92 and associated circuitry 
transistors 15,27 or 16, 28. When transistor 51 iS turned compose the output current limiting circuitry. This 
off, drive to transistors 15 and 27 is provided by resis- circuitry the input current pulses appearing 
tors 68 and 69 connected to the center taps of transform- resistor 83 and operates in the Same manner as 
ers 48 and 49, respectively. Current through the emit- the input current sensing circuit just described except 
ters of transistors 15 and 27 flows through the current 15 that the voltage 

tional base drive to transistors 15 and 27 directly pro- from the converter will be relatively high resulting in 
portional to their emitter currents. When transistor 51 increasing temperatures. Excessive temperature could 
turns On, the base drive to transistors l5 and 27 is cause a catastrophic failure, and to protect against over 

the stored base charges of transistors 15 and 27 and thus circuit shown in FIG. 4. This circuit utilizes a thermis- 
terminating conduction. Capacitors 70 and 71 provide ter 93 in a conventional bridge configuration and a turn off bias to the switching transistors 15, 16 and 27, 94 with hysteresis. The thermister is 28, respectively. When transistor 50 turns off, drive is mounted on the heat sink of transistor switches and provided to transistors 16 and 28, and the process re- 25 16, and when the temperature limit is reached, the com- peats. Transistors 72 and 73 provide additional turn on parator 94 switches to inhibit the pulse width modulator drive to transistors 15 and 16 to accelerate saturation, 34. At a temperature less than the temperature limit, the especially at high input currents, for improved effi- pulse width modulator is again re-enabled. This process ciency. Transistors 74 and 75 and associated circuitry form a 3o continues until the shorted load is removed or the par- 
simple voltage regulator for the pulse width modulator ticular load fuse i’ 
34. When input power is initially applied at terminals pl Both the current limiting and temperature limiting 
and 12, this simple regulator provides power to the features of the specific circuit shown in FIG. 4 are 
pulse width modulator 34 through diode 76 until the optional safety features. They are described and illus- 
output voltage across capacitor 19 comes up, and then 35 trated Only for the sake Of completeness and not 
diode 77 provides voltage to the pulse width modulator sary to the operation of the claimed invention. These 
from the output of the converter. ~f the output of the circuits are, however, useful in a practical implementa- 
converter is shorted to ground, then power to the pulse tion Of the invention. 
width modulator is again provided by the simple regula- The buck/boost regulator according to the invention 
tor comprising the transistors 74 and 75. 40 has many advantages. The tapped inductor 18 com- 

The circuit shown in FIG. 4 incorporates both input bined with the boost transformer 24, in a steady-state 
and output current limiting. Switching current is sensed condition, maintains essentially constant output current, 
by current sensing transformer 78 in the collector cir- ~ minimizing A C  ripple current to the output capacitor 
cuits of transistors 15 and 16. A one turn winding to 19. The buck and boost switches 14 and 27, 28 are con- 
each collector comprises the primary of transformer 78. 45 trolled from a single Pulse width modu1ator 34 to Pro- 
The secondary current is rectified by a bridge circuit vide Voltage regUkitiOn over a wide range Of input volt- 
comprising diodes 79, 80, 81 and 82, and the rectified ages. Overlap of conduction of the boost switches 27, 
current flows through resistors 83 and 84. The junction 28, Will not CaUSe a catastrophic failure as in many Con- 
of resistors $3 and 84 is referenced to ground. The volt- ventional boost circuits because inductor 18 limits the 
age across resistor 84 is averaged by capacitor $5 to 50 current. Adding additional windings to inductor 18 and 
represent the average input current. The voltage across transformer 24 as illustrated in FIG. 1h Will Provide 
resistor 83 is not averaged, and the peak value is directly other auxiliary voltages. With the circuit according to 
related to the output current. Both the input current the invention, it is possible to maintain the Output volt- 
sensing and output current sensing are accomplished by age at a level greater than, equal to Or less than the input 
transformer 78. 55 voltage. Reliability is greatly enhanced since the maxi- 

Operational amplifier 86 and associated components mum voltage swing of switch 14 is equal to the input 
compose the input current limit control circuitry. A voltage, while the maximum voltage of switching tran- 
portion for the reference voltage from pin 16 of pulse sistors 27 and 28 is equal to the output voltage. The 
width modulator 34 is applied to the inverting input of buckhoost regulator according to the invention is ideal 
amplifier 86 to provide a fixed positive bias. The posi- 60 for space applications where the primary power source 
tive reference voltage is also applied to the non-invert- may be a solar array, fuel cell or thermonic generator 
ing input through resistor 87 and 88. This voltage is exhibiting wide ranges of input voltages. 
summed with the negative voltage developed across While the invention has been described in terms of a 
resistor 84 and averaged by capacitor 85 and supplied specific preferred embodiment, those skilled in the art 
by resistor 89 to the non-inverting input of amplifier 86. 65 will recognize that variations and modifications can be 
When the summation of the reference voltage and the made in the practice of the invention within the scope of 
negative voltage of capacitor 85 is less than the fixed the appended claims. 
positive bias to the inverting input of amplifier 86, am- What is claimed is: 

resistor 83 is not averaged. 
transformers 46 and 47, respectively, providing addi- In the event of a shorted load, the output current 

shorted by transformers 48 and 49? removing 2o temperature, a temperature limit is incorporated in the 



4,245,286 
9 10 

1. A voltage regulated DC to DC converter operable second and fourth transformer windings are each N2, 
over a wide range of input voltage including voltages the turns ratio N2/N1 of said inductor being equal to 
greater or less than the desired output voltage compris- the turns ratio N2/N1 of said transformer. 
ing: 4. A voltage regulated DC to DC converter as re- 

an inductor comprising two windings having a num- 5 cited in claim 1 further comprising: 
ber of turns N1 and N2, resPectivelY, one end of at least one secondary winding coupled to said induc- 
each winding being connected to a common junc- tor, 
tion, at least one center tapped secondary winding coupled 

a transformer having first and second windings each to said transformer, 
having a number Of N1 and One end con- lo  a second storage capacitor connected between an 
nected to a center tap, said center tap being con- auxiliary output of said converter and ground, 

a fifth diode connected between the secondary wind- nected to said common junction, 
ing of said inductor and said second storage capaci- a storage capacitor connected between the output of 
tor, and said converter and ground, 

a first diode connected between the inductor winding 15 fifth and sixth diodes connected between either end 
of said center tapped secondary winding of said having N2 turns and said storage capacitor, 
transformer and said second storage capacitor. a second diode connected between said first trans- 

5. A voltage regulated DC to DC converter as re- former winding and said storage capacitor, 
a third diode connected between said second trans- wherein N1 equals N2 with respect to former winding and said storage capacitor, 
a fourth diode connected between the inductor wind- 6. A voltage regulated DC to DC converter operable ing having N1 turns and ground, 
first switch means connected between a source of said means to receive input voltages greater to or less than input voltage and the junction between said induc- 

tor and said fourth diode, 
second switch means connected between said first Output means; 

energy storage means connected to both said receiv- transformer winding and ground, 
third switch means connected between said second 

first switch means between said receiving means and transformer winding and ground, and 

output of said converter and to each of said first, 

closing and then opening said second and third 
switch means and closing said first switch means 
each time either of said second or third switch 35 
means are closed, the duty cycle of the closing and 

said pulse width modulator to regulate said output 
voltage. 

2. A voltage regulated DC to DC converter as re- 40 

cited in claim 
2o said inductor. 

over a wide range of input voltages comprising: 

25 a desired output voltage; 

ing means and said output means; 

pulse width modulating means connected to said 30 said energy storage for controlling said en- 

second, and third switch means for alternately means, second switch 
ergy storage means; 

means, connected between said output means and 
said first switch means for sensing voltage at said 
output means and controlling said first switch 
means in response thereto; 

tially no greater than the input voltages; and 
said second switch means operating at a voltage es- 

sentially no greater than the voltage at said output 
means. 

7. The converter of claim 6 wherein said energy stor- 
age means is an inductor connected between said first 
switch means and said output means and a capacitor 

8. The converter of claim 6 wherein said single regu- 

opening of the said switch means being adjusted by said first switch meanS Operating at a Voltage eSSen- 

cited in claim 1 wherein said transformer additionally 
comprises third and fourth windings, said third winding 
being interposed between said first winding and said 
second diode, and said fourth winding being interposed 
between said second winding and said third diode. 

3. A voltage regulated DC to DC converter as re- 
cited in claim 2 wherein the combined number of turns 

45 connected across said output means. 

lator means is a pulse width modulator. 
of said first and third transformer windings and said * * * * *  

50 
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