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© MICROETECTRONIC POWER SUPPLILS.
CONTRACT NO. NAS8-24817
FINAL REPORT

‘1.0 SYNOPISIS

This report describes a series of miniature power supplies
developed by Electronic Communications, Inc. (ECI),for NASA/MSFC
under contract number NAS8-24817. These units are designed for
operatioh in an aerospace applipation where small size and
weight and high efficiency are of primary concern. Two basic
types of circuits have been developed; main,sup?lies and remote
regulators. The main power supply interfaces with the space-
craft 28 volt power source and proviaes output voltages which
are fransformer isolated via a DC-DC. converter from the primér?
28-volt lines. Reverse-polarity protection and EMI filtering
are included. Each main supply delivers up to three (3) watts
to a group of remote regulators. The femote regulators are
thick film hybrid circuits suitable for providing "on-card"
regulation for integrated circuits. Four‘types of remote reg-

ulators have been developed which provide output voltages of

- +5, +15, -15, -5.2 and =27 volts. Each remote regulator in-

corporates overload proteétion and has an output power rating

of 0.5 watts.

Prototype units bf all the power supply circuits have been

fabricated, tested and delivered. Nominal. efficiency at full
load for both the main supplies and thé remote regulaiors are
in the 80 to 85 percent range. All circuits are designed for

and have been tested over%the temperature range of -40°C to

 +100.degrees centigrade.
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The primary function of the main power supply is to provide DC

‘isolation from the nominal 28 volt power source and to establish

-must be protected from reverse polarity input voltage and must

the simple design approach without the regulation and overload

2.0 MAIN POWER SUPPLIES

.

an output voltage which is near the optimum level to power the

associated remote regulators. In addition, the main supply

include EMI filtering to prevent the generation of conducted
interference on the 28 volt supply line. In the initial phase
of this program, a design was investigated which provided out-
put overload protection and which alsoc provided a degree of
voltage regulation. A}though this design did function properly|
it became apparent that tHe additional components necessary to
provide protection and regulation increased the circuit complex
ity by a factor of two. This would of course increase the
physical size of the main supply and decrease the reliability
of the unit. After weighing the relative merits of the simple

versus the complex design, a decision was made to proceed with

protection features. .

A total of three main supplies have been developed which are
very similar in construction and in operation. The only dif-
ferences among the three are in the transformer and rectifiers

necessary to provide the appropriate output voltages.

2.1 TTL Main Power Supply

A schematic diagram of the T7TT: main power supply is s’own in
Figure 1. This circuit is comprised of an EMI filter with a

reverse-polarity diode and a saturating-core inverter with the
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TITETTER

‘rectified by Ql1-02 and CR3~-CR4 in such a manner that the voltag

implanted units which have a very low forward voltage drop and

associated rectifiers and filters. This circuit provides DC
isolation between the 28-volt main power source and the output

voltage.

In order to maximize the efficiency over a large load current
range, the base current drive for the invexrtex transistors is
derived primarily from current transformer T2. In this manner
the base drive is proportional,to the load currxent thereby -
minimizing the power. loss in the base drive circuitry. A small
fixed base currend is provided via Rl to assure starting of the

. .
inverter. The output of the current transformer T2 is fullwave

139

1Y%

developed across the secondary of T2 is the base-emitter voltagg
of dl or Q2 which is app;oximately 600 millivelts. This voltage
is substantially independent of the load current level and
thereby approximates a low impedance load which is necessary

for proper operation of a current transformer.

The secondary voltage of inverter transformer T1l is fullwave
rectified and filtered by a pi-section filter to minimize the

output ripple voltage. The rectifier diodes used are ion-

extremely fast switching speed. Both of these characteristics

maximize the overall efficiency.

The shunt diode across L3 in the'EMI filter prevents a large
volceage spike from being developed when the inverter core
saturates and the inverter commutates. The operating frequency
of the inverter varies from 25 to 31 kHz for input voltages of
24 to 30 volts.

. REPORT NO: SIER-71-0194
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“and WQighs 0,106 pounds.

Test déta measured on the breadboard and prototype'unit is
shown graphically in Figureé 2 through 6. The output riéple
voltage is less than 0.1 volt peak-to-peak for less than

3 watts load.

Since the circuit is comprised primarily of discrete components
and since sgveral of the components are relatively laxge
magnetic devices, a potted cordwood modﬁle was chosed as the
packaging techniéue. A thick film hybrid construction was .
also evaluated but, because of the bulky magnetics, offered an
insignificant reduction in overall size, The encapsulated

. L) .
main power supply module has a total volume of 1.6 cubic inches

v

2.1.1 Thermal charaétaristicé

The internal temperature rise in.the final potted module
assemhbly was meaéured under worst case gonditions to determine
the actual hot spot temperature, This was done by mounting a
small bead thermistor on the flange of one of the 2N3056A
inverter transistors and bringing out test leads from the
therﬁistor. The thermistor resistance was then measured as a
function of temperature to obtain a calihration curve as shown
in Figure 7. Using this curve, the caseftemperaturé of the
inverter transistor was measured while tﬁe power supply was.
delivering approximately 3.5 watts with 24 volts input voltage.
These load and input conditions result in maximum internal

dissipation in the module.

The thermal response of the main power supply module is shown

in Figure 8. As may be seen, the maximum temperature rise is

e e o i e
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approximately 17°C for a module dissipation of 0.77 watts.
This data should apply for all the main power supply modules

since the construction and internal dissipation is similar.

2.2 MOS/Linear Main Supply

This circuit is used to opexate remote regulators which in

turn supply regulated power for MOS logic circuitry, and linear
integrated circuits. The basic circuit configuration is also
shown in schematic form in Figure 1. Operation is identical
to that described aboze for -the TTL main supply. In fact, the
same printed circuit layout and assembly drawings are used for
~both main supply modules. Different transformer windings are

used to provide the required voltage levels.

Measured performance data for the MOS/Linear main supply are

-shown in Figures 9 through 1l.

2.3 TTL/ECL Main Supply .

-

This circuit fills the need for a negative supply voltage to
power high speed emittei-coﬁpled logic circuitry. The resultanq
circuit is identical in configuration to the MOS/Linear main
supply shown in Figure 1. The inverter transformer and the
cuirent feedback transformer used for:the TTL main supply are
used in this circuit. In fact, this éircuit fills the require-
ments of the TTL main supply and can be used as a replacenent.
Operation is again identical to that described for the TTL

main supply.

Measured test data for the TTL/ECL main supply are shown in

Figures 12 and 13.
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‘With the exception of the overload protection circuitry, it

.

2.4 Main Power Supply Magnetic Components

Descriptions of all the magnetic components used in each of

the main power supplies are given in Figure 14.

3.0 REMOTE REGULATORS

The family of remote regulators developed during this contract
and which are described in the following pages have several-
features in common. All are s;itchingfmode series regulators
for maximum efficienc¥ and all are short-circuit proof. Each
circuit is constructed on a ceramic substrate uéing thick film
resistors and interconnects. The assembled circuit is enclosed
in a'solder—sealed flatpack. Prototype units were tested for

a léak rate of less than 10'-6 SCC/SEC however, any future

8

flight hardware circuits will be tested to 10 = SCC/SEC if

this leak rate is required.

3.1 TTL Remote Regulator No. 1l

The initial circuit developed to supply regulated 5-volt power
for TTL logic circuitry did not include overload protection.
This circuit was designated as TTL Remote Regulator No. 1.

was similar to the circuit described below.

3.2 TTL Remote Regulator No. 2

A schematic diagram of the T7L Remote Regulator No. 2 is shown
in Figure 15. This circuit provides ia regulated output of
5 volts at a .load current of up to 100 milliamperes. The input

voltage is obtained from the TTL main power supply and varies

between 9.0 and 13.0 volts according to the primary input

e
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voltage to the main supply. This regulator is proécctcd agains
overloads on the output and will withstand a short circuit

indefinitely without damage.

"The circuit shown in Figure 15 is a switching mode series

regulator. Operation in the switching mode is mandatory to
achieve high efficiency. In this type of circuit, regulation
is achieved by modulating the duty cycle of an internally
generated pulse waveform so that the average value of the wave-
form is constant and equal‘to the desired output voltage. In
the circuit of Figure (15, Q3 functions as a comparator which

compares the output voltage'to a reference voltage established

.by CR3 and the resistor divider R8 and R9. The output of Q3

controls the driver transistor Q1B which in turn’driyes the
main pass element, QlA. Switching mode operation is assured
dge to the phase shift through the loop which'results in re-
generative operation at the switching frequency. The pulse
waveform which exists at the pollector of Q1A is averaged by
the LC filter comprised of Tl and C3. CR2 is a hfrée—wheeling"
diode which provides a conduction path fbr the sto£ed energy in
T; while QlA is non-conducting. . .
Several features of this circuit result in more efficient
opération than would otherwise be practical. Note that the
darlington connection of QlA and Q1B is modified by connecting
the collector of Q1B to a tap on the switching choke, T1l. This
permits Q1A to be driven into saturation thereby decreaéing the
voliuye drop across it and lowering the power dissipation in
the pass elements. 'If the collectors of QlA and Q1B were

common, the voltage drop across the pass element would be
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By

~four-turn secondary winding on the switching choke provides

switching mode current regulator instead of a voltage regulator.

Figure 15. A voltage of'approximately 0.6 volts (VBEA) develope

considérably greater - approximately 1 volt comparéd to

0.3 volts. The free-wheeling diode, CR2, is‘a unit in wﬁich
the junction is formed by ion-implantation. This results in a
diode having a low forward threshold voltage and very fast
switching speed. Both these factors‘contributebtoward high

efficiency.

The switching speed of the pass transistors has a significant

effect on the efficiency of the circuit. In Figure 15, the

regenerative base drivé to Q1B to increase the switching speed
and thereby enhance the overall efficiency.

Overload protection is accomplished by sensing the load current
via the voltage drop across R10. When the current exceeds a
pre-determined level as indicated by the voltage across R10, a

"cross-over" point is reached and the circuit functions as a

-

The operation of the circuit may be described by referring to

across the base-emitter junction of Q2A which is biased via the
current supplied by R3. A fraction, K, of this voltage is

developed across R7. This voltage, KVBEA'
across R10, which is proportional to the load current, is

plus the voltage

applied to the base-emitter junction of Q2B. In eguation form

we have:
Veie = ¥Bea * R0 Tponp
When the load current is below the maximum level, V is less

BEB

d

than the conduction threshold of Q2B and the circuit functions
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normally as a voltagc regulator. As the load current increases|,
Vppp increases to approximately 0.6 volts at which point "Q2B
conducts and diverts the current supplied by CR1 from the
reference zener diode CR3, Thisg actiqn xeduces the reference
volLace at the base of Q3 and thgs re@uces the output voltage.
If the load currept tends to increase further, Q2B conducts
moxre heavily and the voltage at the base of Q3 is further re-
duced thereby limiting the 1oa§ current ta a safe level. The
limiting current level is given hy: -~

V.. - KV

. _ Yers " ®Vmm
LOAD MAX R1Q
L4
wheres R7..
. X = and v 'l v
6+R7 REA" BEB

are the base-emitter voltages of Q2A and Q2B at the operating
currgnt levej. ' '

Figures 16,17 and 18 show the efficiancy and lead yegnlation
characteristics measured for the breadboard and prototype

eircuifs. Overall girenii.perfermanea.ovex, the temperature
range was very satisfactory.

3.3 MOS Remote Regulatof

A schematig diagram of the circuit developed for the MOS remote
regulator is shown in Figure 19. This gircuit is also a switch+
ing mode series regulator. The circuit pqnfiguration is
slightly different from the TTL remote regulator because of the
higher output voltage and the lower currégt level. Overload
protection i§ incorporated so that‘a short circuit can be

sustained indefinitely without damage.
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‘for tne initial tolerance of zeher CR3 and to set the butput

'the conduction threshold of the base-emitter junction of Q5, the

In the circuit of Figure 19, the output voltaée is compared via
the resistor divider formed by R5 and R6 to a reference voltage
of approximately 7.4 wvolts established by CR3 and the base-

emitter voltage of Q4. Resistor R6 is selected to compensate

voltage level at -27 wvolts. Capacitor Cl provides additional
high~frequency feedback which improves the regulation and
reduces the output ripple voltage.

Transistor Q4 functions as a comparator amplifier and d;ives
transistor switch Q2 which in turn, drives the nain powér switech
Ql. The emitter current of Q2 and therefore the base current
of thé main power switch, Ql, is fixed at a level determined by
the load current and is wvirtually independent of the.input
voltage. This improves the efficiency of the circuit consider-
ably. Referring to Figure 19, it may easily bé shown that the

emitter current of Q2 is given by the following equation.

v
BE3 R4 I
Tgr = Igp = Trz  * Ry LOAP -

Short circuit protection is provided by sensing the load current

via the voltage developed across R4. ‘When this voltage reaches

circuit functions as a current regulator in much the same mannex
as described for the TTL remote regulator.
Figures 19 through 22 show, in graphical form, the performance

data obtained for both the breadboard and prototype circuits.

3.4 Linear IC Remote Regulator

This circuit must provide two regulated output voltages of

+15 volts to power linear integrated circuits. A_schematic
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ef the‘circuit developed is shown in Figure 23. Since two
output voltages are required, two regulators must be used since
the supplies may be unequally loaded, Referring to Figure 23,
it may be seen that the regulator eircuit used to provide -15
volts is identical in conflgukation to that of the MOS remote
regulator. The only difference 1s the output voltage level.
The positive voitage regulator is virtually a mirror image of
the negative regulator and funqtiops in the same manner. How-
ever, the reference voltage for the positive regulator is h
derived from the negative output, This featu;e permits'ﬁhe use
of a single zener reference valtage and also permits both outpuf
voltages to he adjusted;hy.changigq a single resistor, R8. This
feature also assures thét_the qutputivaltage of the positive
regulator tracks the output of the pegative regulator. For
example, if the negative autput is shqrted, the positive output
also approaches Zero. Herver, bor;ing the posxtlve regulator
does not affect the negative xegulato;.

N
b

g, ¥ b &gmwww%amwawwsmbmnmmm« w0 e v

Test data measured for the linear IC remote regulator is shown
in Figures 24,25 and 26. 'The performance of this circuit in
terms of regulation and efficiency is comparable to that
obtained for the other remote regulators as can easily be seen

by .a direct comparison.

3.5 ECL Remote Regulator

The remote regulator developed to supply -5.2 volts for
emitter-coupled logic circuits is shown schmatically n
Figure 27. This circuit is the conplement of the TTL remote

regulator which provides +5 volts output. In fact, the same

circuit layout is used. The only changes in the assembly of
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the circuit are that diode and capacitor polarities are reversed

and complementary transistors are used.
The operation of the ECL remote regulator is identical to that
described for the TTL remote regulator. Test data measured for

this circuit is shown in Figures 28 through 30.

3.6 Remote Regulator Magnetics.

A description of the switching chokes used in the remote

regulatoxs is given in Figure 31.

2
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