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1.  INTRODUCTION.

The U.S. Army Electronics Research & Development Command is developing
standardized power processing modules for application in the different power
subsystem configurations being planned for digital equipment in communica-
tions, data handling, surveillance, and weapon systems. This report presents
the results of work performed under contract DAABO7-78-C-2988 for the U.S.
Army Electronics Research & Development Command to develop and manufacture
two DC-DC Power Processor Development Units.

The original demonstration model of the DC-DC Power Processor was deve-
loped under contract DAABO7-75-C-1324 in 1976. The fundamental design con-
cept employed is the same under both contracts. The goals under this contract
were to improve the Thermal and Electromagnetic Interface Designs and to
evaluate; (1) a new power transistor to improve its switching characteristics
to reduce its losses and; (2) an improved filter capacitor to control ripple
characteristics at low operating temperature.

The specific objective of this contract was the development and ma-
nufacture of two developmental power processors that would provide precise,
transient free, adjustabie 24 to 32V, 75A output power from a 20-40 volt
unregulated input voltage bus. To improve the reliability and performance;
and reduce development, production, and logistic costs.

The basic power stage design is the same as that employed under the
DAABO7-75-C-1324 contract. The basic feature of the power stage in this
design, is the power inductor which has two windings, one in series with
the power source and the parallel inverter power transformer center tap
and the second winding in parallel with the output filtér capacitor. ‘
During the on-time of the power transistors, the difference between the F
input source and the power transformer is stored in the inductor primary |
winding and during the off-time of the power transistor, the energy stored
in the inductor is transfered directly to the output filter. \




1.  INTRODUCTION-(Cont'd)

A complete 2.4kW DC-DC converter regulator was designed, breadboarded,

and tested, using the new power transistor and improved filter capacitor.

It was made in such a way as to simulate the final units, in order to eva-
luate the EMI Design. The complete electrical design was packaged to fit

into a 19 inch rack panel.

The DC-DC Power Processor was packaged into a Type 1-Sheltered Equip- -
ment with the following dimensions.

e Front Panel 19 x 10.5 inches. (48.3 x 26.7 cm)
e Main Chassis 17 inches (43.2 cm) deep
With a total weight of 84.6 1bs. (38.1 kq)
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2. DESIGN PHILOSOPHY AND THEORY OF QPERATION.

As in the previous (6.2) development contract, the series Inductor/
Parallel Inverter power stage is employed here. A brief discussion is
presented in order to understand the circuit operation and the current
and voltage waveforms on each of the main circuit components.

2.1 Power Stage.

Figure 1 is the schematic for the series inductor parallel inverter
power stage. The circuit includes the series inductor L with a primary
and secondary winding, power transformer T, power transistor Q1 and QZ2,
output rectifiers CR1, CR2 and CR3 and output filter capacitor C. The
power transistors are controlled by a driver stage to provide the correct
pulse width & pulse position modulation to satisfy the input/output voltage
requirements. In this example, both the inductor and transformer turns
ratios are assumed to be one.

Figure 2 presents the transformer voltage, inductor voltage, power
transistor Q1 current and voltage, power transistor Q2 current and voltage,
and rectifier CR1, CR2 and CR3 currents. One complete cycle is presented
in Figure 2, Q1 ON, Q1 & Q2 OFF, Q2 ON and Q1 and Q2 OFF. The example
assumes 40 VDC input and 20 VDC output.

When Q1 is on, the 40 volt supply voltage is across the series inductor
and power transformer. The change in the power transistor current 1 is due
to the flux swing of inductor L (E = -L%%). This same current magnitude is
flowing in the output diode CR2 to the output load and filter capacitor.

The impressed voltages across transistor Q2 is equal to 40 volt (2 x Ej).

When Q1 turns off, the energy stored in inductor L is supplied directly
to output filter capacitor through output diode CR1. The impressed voltage
across the power transistors is E in plus EN1 (L) and equals 60V.

When transistor Q2 is turned on and turned off, the same type of wave-

form exists as during the transistor Q1 operation.

-3-
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FIGURE 1 SCHEMATIC-SERIES INODUCTOR/PARALLEL INVERTER POWER STAGE
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2.1 Power Stage - (cont'd).

It is interesting to note the basic difference of the transistor
voltages in the power stage configuration as shown in Figure 2 when compared
with a conventional parallel inverter. When transistor Q1 is turned ON, the
voltage across Q2 equals 2 x €ip VS. Zx e, as in this configuration.
When transistor Q1 is turned OFF, the voltage across Q2 equals e, VS. e
te as in this configuration. The net effect is that the peak voltage stress
is reduced to 75% of the conventional design configuration.

The basic advantages of this power stage configuration are: (1) lower
peak voltage stress on the power transistor; (2) the series inductor always
provides an impedance in series with the power transistor and therefore, has
inherent current limit during output short, power transformer saturation and
overlap of the power transistor Q1 and Q2.

The penalty of the design is that inductor L is about 50% larger due
to having two windings instead of one in the conventional circuit and that
an additional output diode is required.

The improved reliability due to the reduced voltage stress and current
limiting greatly offsets the slight increase in the weight of the inductor
and the addition of an extra power diode.

The next section will explain in detail the phase displacement, output
load sharing and control techniques for output voltage regulation and output
current Timiting.

2.2 BLOCK DIAGRAM - DC TO DC POWER PROCESSOR.

The Block Diagram of the DC to DC Power Processor is shown in Figure 3.

The input DC power (20-40V) is supplied into an input EMI Filter, input
circuit breaker and input power filter. The DC power is then distributed to
the four power modules (two on each side panel). The power modules consists

of four identical series inductor/parallel inverters. Each one of which
handles 1/4 of the total input power.




2.2 BLOCK DIAGRAM - DC TQ DC POWER PROCESSOR-(Cont'd)

The output from each power stage goes to a common output filter,
output shunt, output circuit breaker, and output EMI Filter,

Each power stage includes a series power inductor, power transformer
and push/pull power transistors. The power transistors are driven by a
proportional current drive by means of a digital signal from the control
logic. The control logic receives signals from the feedback control
system ring counter, input DC line voltage and instantaneous transformer
primary current and generates the correct digital control logic for the
push/pull power transistor.

The control logic contains a flip-flop that turns the two power
transistors on and off. The on time is initiated by a signal from the
ring counter. The turnoff is initiated by the volt-second control in the
control logic or via the primary peak current sensor.

The volt second control senses the input voltage and provides a
constant volt-sec of energy to go into the power inductor and cutput
transformer. The volt-sec control in each power module is pre-selected
in test, so that, all power modules are carrying 1/4 of the total output
power. By this means, no additional electronics are required to cause
load sharing.

The peak current sensor constantly monitors the power transformer
primary current and therefore, the power transistor collector current
initiates a turn off if the instantaneous peak current is beyond a pre-
determined threshold 1imit. This action provides inherent transistor
protection during all transient and steady state modes of operation.

A common output voltage regulator and voltage divider/remote sense
network monitor the output dc voltage in conjunction with the AC signal
from the output filter, determines an output voltage to the voltage-to-

frequency oscillator that commands the turn-on of the four separate
phase displaced power modules through the ring counter.

-7-
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2.2 BLOCK DIAGRAM - DC TO DC POWER PROCESSQOR. (Con't)

The remote sense circuit is configured in such a way as to prevent
loss of control, if the sense Teads are opened or short-circuited or
reversed across the output to be controlled.

The net output voltage of the error amplifier provides a voltage
level to the voltage-to-frequency oscillator which is the heart of this
control system. Therefore, all power modules operate at the same
frequency. The frequency is proportional to the input amplified error
voltage.

The power nodule phase displacement is controlled by the ring
counter which senses sequential pulses to each of the four power
modules to initiate the power transistor turn-on.

The signal from the output shunt and current reqgulator over-rides
the voltage regulator and reduces the overall operating frequency of the
voltage-to-frequency oscillator during overload operations.

Front panel adjustments are provided to allow for the 24 to 32VDC
output voltage adjustment and for the O to 75A output current limit.

The output of the voltage-to-frequency oscillator is processed
through an isolation transformer that isolates the output power ground
from the input power ground and commands the ring counter to provide
the correct duty cycle of the four separate power modules.

An undervoltage/overvoltage sensor monitor the DC input voltage and
can inhibit the ring counter operation during abnormal input line con-
dition (less than 20V and greater that 40VDC).

The undervoltage circuit can be disabled normally and is not recom-
mend for use with power supplies with poor load regulation (>10% no
load to full load) as unwanted cycling may occur at the undervoltage
trip circuit. Instructions for providing this function are provided.

The front panel meter can monitor the DC output voltage or the DC
output current.

Control electronics power is obtained from the main DC input vol-
tage through a fuse to a control electronics DC-DC Converter. The
control electronics DC-DC converter provides +10 and +5V output which
is common with the input power ground and a +10V and 21V outputs for
the output voltage and current regulators.
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2.3 Component Considerations.

Power Transistor

Pn improved power transistor was employed in this design. This
modification to the design allowed a single transistor to be used in

place of the parallel transistors employed in the original developmental
model.

The transistor used is the Solitron #55EJ105. The advantages of
this transistor are:

e It switches faster.
e Has lower saturation voltages.
e Better thermal design.

Filter Capacitor

One common capacitor was used in both stages of the input filter
and for the output filter capacitors.

This capacitor is a 2800uF 150VDC capacitor MEPCO/ELECTRA, INC.
91F series, aiuminum Electrolytic, computer grade capacitor.

Its advantages are very low, equivalent series recistance which is
maintained at low temperature, i.e., -55°C,

2.4 Circuit Modifications Since the Original Development Model.

Improved input filter configurations.
Deletion of optical isolation.
Modified remote sensing circuit.

Added energy recovery networks to the power stages.

Modification to the undervoltage protection circuit.

-10-




2.4 Circuit Modifications since the Original Development Model.(Cont'd)

Input Filter
The input filter configuration is as shown:

L3
== 2 Power
L] J AR T Modules
: . 1 y
- ! ’ 4 — :
] _ B "\_
: it ’l 2 Power
,“ L Modules
L——_———\f.\ \7\ —————— e =

The advantages of this configuration are, it reduces the circulating

currents between the two halfs of the power modules via L3, L4 and L1, L2,
. and it provides common mode filtering capability.




The expected (Based upon computer analysis) performance of this two

stage filter is ImA pk reflected into the power source by the power pro-

cessor as shown below:

Input: Large signal due
to Power source

ripple.
I = 2A/cm
t = Smsec/cm

The above blown up.

—
[}

50mA/cm

ct
1]

20usec./cm




e ——— + ———

The MIL-STD-462 (EMI) test set-up degrades the input filter capability

as shown below.

This photo was taken using a battery as a source and without the 10ufd
capacitors connected.

-
[}

(g
[]

25mA/cm

20usec/cm

DC to DC
Power

Processor




DELETION OF OPTICAL ISOLATOR

Due to noise consideration relative to the optical isolator previously
used to provide isolation for the control electronics and the output return,
; the optical isolator has been removed. In its place, a small pulse trans-
former has been inserted to the circuit configuration, as is shown below:

14

va T \ J ue
14
s
c

The advantage of this circuit over the one used rreviously is better
noise immunity in this critical location of the control electronics while
providing the necessary ‘input to output isolation.




REMOTE SENSING f

This circuit was modified to provide more protection in the event
something would happen to the remote sense leads other than an open
circuit.

The circuit is as shrm;

< _
ﬁ I ; |

E% l ER
o LOAD

REF.

|
AW K

APAAL

ANALL
SHUNT

The advantages of this circuit are: !

The sense leads can be opened or shorted (either to ground or together)
or they can be reversed without losing control of the DC to DC Power Processor.
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ENERGY RECOVERY CIRCUIT

These circuits were added primarily to reduce the voltage stresses
on the power transistors. These transistors are more delicate than the
originals, although they switch faster and have Tower saturation voltages.

These circuits return part of the switched energy back to the power

source as well as reduce the transistor collector to emitter voltage
stress.

The circuit is as follows:

: nis L
| < Lo}
= —i.
:
X -3 :
H :
Ny — f
© - ~%
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3.2 Reliability Prediction

A reliability prediction was performed early in the contract CLIN,
Item CO01. This prediction is revised here to include the part changes
(quantity, type, stress). Both prediction are based upon MIL-HBK-217B.
Table 1, presents the part types, failure rate, quantity of components
used and total failure rate.

The analysis shows a 13,868 hour meantime between failure, and
this exceeds the 2,000MTBF contract goatl.

Revised Reliability Prediction

Failure Rate Per

197 Hours
Front Panel « - = = = = = = = - - - - - - 3546
Back Panel =~ - - - = = = = -« -« - - - 11024
Chassis = = = = = === =« « o« 9554
Side Panels - = - = = = = = = - - - - - - 34304
Control Electronics - - ~ = - = = « = = - 13677
9

er = 72105 x 10°

MBTF = Yr = 13,868 hours

Exceeds 2,000 Hr. Design Goal.
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FRONT PANEL

Part Type

Switch, Toggle
Resistor, Variable
Resistor, Film
Meter

Connector(9)

Fuse Holder
Circuit Breaker

BACK PANEL

Inductors (Power)
Connectors (Power)

CHASSIS

Capacitors, Alum.
Shunt
Transformer, Pulse

Failure Rate

Per 109 Hour

1497
90

9
500
80
100
500

503
4506

630
10
94

TABLE 1
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Quantity

Total Failure Rate
Per 109 Hour.

1

1
2
1
1
2
2
2

1497
180
9
500
160
200

1000

TOTAL: 3546

2012

9012

TOTAL: 11024

9450
10
94
TOTAL: 9554




POWER MODULE

Failure Rate Total Failure Rate

PART TYPE Per 107 Hour Quantity  Per 10° Hour
Inductor, Power 503 2 1006
Connector 80 1 80
Transistor, Power 1100 2 2200
Diode, Power 75 3 225 N
Capacitor, Alum 630 6 3780
Capacitor, Polycarb 34 1 34
Transformer, Pulse 94 2 188
Capacitor, Ceramic 13 4 52
Diode, Med. Power 75 5 375
Inductor, Pulse 94 1 94
Transformer, Power 503 1 503
Resistor, Carbon 7.7 5 39

8576

Total for 4 Modules = 34304

CONTROL ELECTRONICS

Capacitor, Tant. Foil 17 16 272
Capacitor, Ceramic 13 43 559
Capacitor, Glass 7.5 12 90
Resistors, Film 9 80 720
Resistors, Wirewound 26 17 442
Resistors, Carbon 7.7 42 323
Diode, General Purpose 75 10 750 1
Diode, Med. Power 75 23 1725 ‘
Diode, Zener 910 2 1820 |
Transistor, Low Power 110 17 1870
Transistor, Power 1100 1 1100
IC, Voltage Comparator 186 6 1116
IC, Op-Amp 186 2 372
IC, Timer 193 5 965
IC, CMOS 133 1 133
I1C, Regulator 175 4 700
IC, TTL 45 16 720
13677

TABLE 1 {cont'd)
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5.  MECHANICAL DESIGN.

Figure 4 shows the DC to DC Power Processor in the open position
with its handling fixture. The mechanical subassembly consists of:

Front Panel.

Control Electronic Board.

2 Power Modules (left side).
2 Power Modules (right side).
Rear Panel.

Figure 5 shows the Front Panel. Input power control is on the left,
and output control is on the right.

Input control consists of:

. Input Circuit Breaker.
8 Power ON Indicator Light.
) Fuse plus spare for control power.

Qutput control consists of:

Qutput DC Circuit Breaker.

DC Voltage/DC Current Meter.

Meter Select Switch.

Output Voltage Adjust Potentiometer.
Output Current Adjust Potentiometer.

Figure 6 shows the Rear View of the Front Panel. It shows wiring
of components,

The interface between the Front Panel and the side panels has a
machined surface in order to increase the thermal resistance to the
front panel, tc allow it to operate cooler than the remainder of the
mechanical assembly,

Figure 7 shows the Control Electronic Assembly. It is mounted to
the hinged top cover of the DC-NC Power Processor.

The Control Electroni Assembly contains in the control electronics
DC-DC Converter, the 5V regulator, and the balance of the low level
control electronics.




5.  MECHANICAL DESIGN - {cont'd)

Figure 8 shows the Left Side Power Stage which contains two of the
four power modules.

Figure 9 shows a close-up of the Back Side of the Rear Panel. In
view, are the four inductors of the input filter, the connector and EMI
filters.

Figure 10 shows the Rear Panel with the mating connectors.

Figure 11 shows the DC to DC Power Processor completely assembled.
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6. TEST RESULTS.

The DC-DC Power Processor models were fully tested. The following
sections summarizes these test results and is grouped into the following
three sub-sections:

e Electrical Performance

e Thermal Control

e Electromagnetic Interference

-37-




7. INSTRUMENTATION.

A load bank was constructed (See Figure 12 for Schematic) to be
used in testing the DC to DC Power Processor.

The test set-up for a typical test is shown below.

DIGITAL
VOLTMETER

LOAD
EXTERNAL ($ﬁ2§
LOAD
0 - 5004
0 - 40V

POWER SUPPLY

Power Supply

Digital Voltmeter - CIMRON Model #7200A, FAIRCHILD Model #7000

- TEKTRONIX Model #7904, 7A26, 7B92, 7880
Plug-in Units.

Oscillator

OSCILLATOR

- SORENSEN #DCR40-500

UNIT
UNDER
TEST

—

M
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Other Items of Test Equipment Used in this evaluation are listed

below:

FLUKE 931V RMS DIFFERENTIAL VOl TMETER.

HP Model 3465 Digital Multimeter.

TEKTRONIX Model P6042 Current Probe.

HP Model 31CA Wave Analyzer.

TEKTRONIX Model P6019 Current Probe.

LEEDS & NORTHROP Model 8692-2 Temperature Potentiometer.
TENNEY ENG. Model TT6-112350 Temperature Chamber.
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External load with relay for over load short circuit testing.




8. DISCUSSION OF TEST RESULTS AND RECOMMENDATIONS.

1)

2)

Results obtained from testing of the two DC to DC Power
Processors are discussed below.

Steady-State Ferformance. The test results show excellent

performance in output voltage regulation, ripple, and current
limiting.

Transient Response. Good transient response, control of

inrush current limiting during starting and output short
circuit were demonstrated. Also shown was, that Component
Stress levels were controlled quring turn-on, steady-state,
and transient load and line conditions.

Thermal Control. The continuous duty and temperature tests

indicated good thermal control of the front panel temperature
as well as individual component temperatures.




9.  CONCLUSIONS.

The DC-DC Power Processor test program demonstrated that the units
met internal component transient control and that all transient and

steady-state performance data met the Technical Guidelines of the DAABO7-
78-C-2988 contract with the exceptions of the EMI tests (see EMI test

report) and the full load to no load recovery time requirement.

The temperature testing demonstrated that the power components
temperatures were controlled in this mechanical design, such that under

the worst case, all temperatures remained within safe limits.
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10. SUMMARY OF THE TEST DATA
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STABILITY
INPUT Eg LOAD Eq I
START OF vDC ADC vDC ADC vDC ADC
24 HR. 20 0.6 28 0 28.04 0
TEST 20 61.2 37.5 28.03 38.4
20 129 75 28.01 75
28 0.6 0 28.05 0
28 43.5 37.5 28.03 38.4
28 90.9 75 28.02 75
40 0.3 0 28.05 0
40 30.6 37.5 28.04 38.4
40 63.6 v 75 28.02 75
END OF 20 0.6 28 0 28.05 0
72 HR. 20 61.5 37.5 28.04 38.4
TEST 20 130.5 75 28 75
28 43.8 37.5 28.04 38.4
28 9.5 75 28.00 75 F
28 0.3 0 28.06 0 :
40 0.3 0 28.06 0 i
40 30.9 37.5 28.05 38.4 |
40 63.9 | 75 28.01 /5 ¢
TEST: 0 HR. TEST END 72 HR.
DATE: 9/3/80 SERIAL NO. _ 001
ENGINEER: Sid Adlin TECHNICIAN: Sid Adlin
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ACCELERATED STRESSES

Time On VInput Time Off Failures Degradation
9:18 AM 41.34 9:35 None None
3
i
3
i
Test Engineer: Sid Adlin Date: 10/20/80

Technician: Sid AdTin Serial No. 02




OVER LOAD PROTECTION

OUTPUT CURRENT
INPUT | TEMP READING OUTPUT VOLTAGE
vDC .+ 0.1vDC
32 28 24 18 12 6 2.5
28 AMB 1 75.6 |79.6 | 79.6 |79.6 |79.6 |79.6 |79.6
20 2 75.6 179.6 | 79.6 | 79.6 |79.6 [79.6 [79.6
40 3 75.6 ]79.6 | 79.6 | 79.6 |79.6 ]79.6 |79.6
|
ENGINEER: _S. Adlin S/N 002

TEST: 10/20/80
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Temperature Profile

A temperature test was performed in which fifteen internal temperatures
were monitored. The results of these tests are summarized in tables II-1A

thru II-1C.

Note: That at room ambient temperature, the outside front panel
temperature reached 104°F (40°C) as compared to the 43°C maximim require-

ment as contained in the design guidelines.
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TABLE I1-1A  (Vyy28, V28, 1,75R)
DC to DC Power Processor Temperature Profile at 77°F Ambient
(Component and Unit Temperatures at end of 72 hour test)

T.C. NO. LOCATION TEMP “F )

’ 1 Outside Ambient 77

2 Outside-Front Panel 104

3 Qutside-Left Side-Opposite Front Rectifiers 139

4 Outside-Left Side-Adjacent Front Transistors 150

5 Outside-Right Side-Opposite back Rectifiers 136

6 Transformer-Left Side Body Front 178

7 PC Board Surface-Middle fiber board 157

8 Input Filter Capacitor-Floor bracket middle 135

9 Output Filter Capacitor-Floor Bracket Right 137 '

10 Right Side Front Rectifier case-Bracket for two 163

n Left Side Transistor Case-Front 160

12 Air just below PC Board. 150

13 Flyback Inductor Front Rody 169

14 Rear Panel Middle 126

15 Input Inductor on Body-Top 155

TABLE II-1B (VIN28, V028, 1075A)
NC-DC Power Processor Temperature Profile at TAMB=145°F
(Component and Unit Temperatures After Stabilization)

T.C. NO LOCATION TEMP °F
1 Dtside Aehient 145
2 Jutside-Front Panel 145
3 Outsife-lLeft Side-Opposite Front Rectifiers 167
4 Outside-Left Side-Adjacent Front Transistors 178
5 Outside-Right Side-Opposite back Rectifiers 167
6 Trans former-Left Side Body Front 216
7 PC Board Surface-Middle fiber board 185
8 Input Fitter Capacitor-Floor bracket middle 161
9 dutpu’ Tilter Capacitor-Floor Bracket Right 162

10 Right Side Front Rectifier case-Bracket for two 187
1 Left Side Transistor Case-Front 187
12 Mir jast below PC Doard. 181
13 “lykact Inductor Front Body 200
14 <ear Fanel Yiddle 163
15 | Input Inductor on Body-Top 189
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TABLE II-1C (VIN28, V028, 1075A)
DC-DC Power Processor Temperature at TAMB=26°F
(Component and Unit Temperatures after Stabilization)

7.C. NO LOCATION TEMPCF
1 Nutside Anbient -26
2 Qutside~Front Panel -26
3 Qutside-Left Side-Opposite Front Rectifiers -2
a OQutside-Left Side-Adjacent Front Transistors 6
5 Jutsido-Right Side-Opposite back Rectifiers -4
6 Transformer-left Side Body Front 31
7 FC Board Surtace-Middle fiber board 24
8 input Filter Capacitor-Floor bracket middle -8
9 dutput Filter Capacitor-Floor Bracket Right -8

10 Right Side Front Rectifier case-Bracket for two 23
1 Lett Side Transistor Case-Front 16
12 Air just below PC Board. 12
13 ilybac! Inductur Front Body 28
14 2ear Panel Middle -7
15 input Inductor on Body-Top 17
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0-75A STEP LOAD
VINPUT = 28vVDC

Vert = 0.5V/cm

Horiz = Smsec/cm

75 to OA STEP LOAD

Vert 0.5V/cm

[ad
[

20msec/cm

g-20-%




SWITCHING WAVEFORMS |

v, 28 IO 75A

Q2 POMWER XSTR
MODULE 2

I L* 20A/cm

co

v : 50V/cm

CE

TP

. 20us/cm

POWER DIODE |
MODULE 1

Iprope ¢+ 20A/cm

e —

)

piv : 50V/cm

20us/cm
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Q2 POWER XSTR
MODULE #2

I. 20A/cm

C

v 50V/cm

CE

Tms/cm

POWER DIODE
MODULE #)

IoDIODE 20A/cm

Vp 50V/cm

Ims/cm

POWER DIODE
(FLYBACK)

MODULE #2 }

VD 50V/cm
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Q2 POWER XSTR
MODULE #2

I, : 40A/cm

VCE : 50V/cm

2ms/cm

POWER DIODE
MODULE #1

1 . 20A/cm
Op1ooE

. o Jem
Vpiv : 50V/¢c

2ms/cm

OUTPUT POWER
DIODE - MODULE #2

50V/cm
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N0 LOAD TO A SHORT

IN

VCE 50V/cm

ICOL 40A/cm

2ms/cm

NO LOAD TO A SHORT

VCE 50V/cm

50ms/cm




v
IN

20 TO 40V STEP (TRANSIENT)

v 20V/cm

IN °

Vo ¢ 0.5V/cm

2ms/cm
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APPENDIX

Parts List

These 1ists contain component information and represents the ;

parts used in the two development models.
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