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SUMMARY

This report describes in detail the more important steps in the
fabrication and testing of the confirmatory samples of the MMs&T
Silicon Transcalent Rectifier program. Factors used in the
selection of the prototype design are presented. The data from
all ten confirmatory samples including description of test cir-
cuits and test results are contained herein as well as some
decision making data taken on additional devices.

The ten confirmatory sample devices successfully passed all of
the inspections required by the contract. All devices were
then shipped to MERADCOM on September 18, 1979. Government ac-
ceptance of the shipment is awaited.
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II.

III.

INTRODUCTION

This report is the Interim Technical Report describing the
work performed by RCA, Lancaster, PA during the confirmatory
phase of the contract covering the period of 17 December
1978-22 October 1979. Work was performed in accordance
with the DRDME-EA Purchase Description, dated 16 November,
1977 to the MERADCOM Semiconductor Device, Silicon Trans-
calent Rectifier Specification, dated 6 June 1978, 1s at-
tached to the contract. The scope of the contract covers
the MM&T tasks for fabricating a semiconductor device, sili-
con Transcalent rectifier, RCA type J15401 and the subse-
gquent pilot production of the device.

Although this report covers the confirmatory phase of the
program, the 24 months duration program will establish the
production engineering techniques and verify a pilot produc-
tion capability for the J15401 silicon Transcalent rectifier
conforming to Fig. 1 of this report. Electrical, thermal
and environmental inspections are a part of this report per
DD 1423 of the contract.

DEVICE
A. Description of the Structure

The Transcalent rectifier type J15401 is thoroughly de-
scribed in the report entitled, "Manufacturing Methods
and Technology Measure for Fabrication of Silicon Trans-
calent Rectifier, Interim Technical Report, dated January
1979. The above report includes a Flow Diagram for the
J15401 rectifier wafer metallizing, contouring and
testing and a Flow Diagram for the assembly and proces-
sing of the J15401 rectifier. 1Included also are many
step by step procedures utilized in the processes de-
scribed. The report stipulated will serve as an aid to
the understanding of this report, however, the cross
section drawing of the Transcalent rectifier will conform
to Fig. 1 of this report.
)
PROCESS AND FABRICATION IMPROVEMENTS INVESTIGATED

A1l ten confirmatory sample rectifier devices were fabri-
cated utilizing as much as possible the recommendations
given in RCA proposal DP-8135 and the descriptions given in
this report.

Four product design variations were tested in the confirma-
tory sample phase. However, the differences were slight as
the outline or interface surfaces of the device remained
the same and the performance characteristics were identical.
Each variation was included as a possible production im-
provement consisting of the following items.
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Ion Implantation

Two units were successfully tested which were ion im-
planted with a boron Ngsge = 6 X 1015 at 200 KeVv on

on side and a phosphorus Nggge = 6.5 X 1015 at 180

Kev on the other side. There was no detectable differ-
cnce 1n clectrical performance of the ion implanted vs.
the standard process rectifiers. Ion implantation
eliminated five of the nine process steps and substi-
tuted the two implants.

The ion implantation was investigated as a future
production method. Unfortunately, the time for im-
planting with our equipment was 20 minutes per wafer

for the boron side alone. One side of a wafer could

be boron doped in 3.5 minutes with our standard pro-
cedures, and this time could easily be cut in half by
doubling the wafer boat size. A hot source implanter
could implant economically, but the contractor does

not intend to buy one at the present time. Consequently,
standard doped wafers will be used in the pilot run.

Webless Wicked

This concept is shown in Fig. 2. The anode portion

of the cross section shows a webless wick. Conversely
the cathode portion (ceramic side) displays a webbed
wicked assembly. Eliminating the wick is a definite
process improvement which helps to make the device
more manufacturable. Consequently, this approach will
be used in the pilot run.

Tungsten Button-Convoluted

The convoluted design was incorporated into the cathode
heat-pipe to reduce low temperature stresses. Fig. 3
displays the convoluted concept. Test results indicate
that the rectifier does not need the convolution at low
temperatures which simplifies the construction of the
part in question. Confidence was gained when two non-
convoluted designs were tested down to -55°C which is
much more severe than the -25°C test stipulated by the
contract.

Tungsten Button - Nonconvoluted

This approach which can be seen in Fig. 2 has been
adopted as the pilot run design for reasons discussed
under C.

Conclusion

The design of the pilot run devices includes the outline

of Fig. 1, standard doped wafers, webless wicks, and non-
convoluted cathode strain sleeves. This combination of

12
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features has been proven acceptable via the confirmatory
tests and they will remain in force as part of the
identity of the J15401 Transcalent silicon rectifier.

ELECTRICAL, MECHANICAL, THERMAL AND ENVIRONMENTAL INSPECTION
CONFIRMATORY TEST PROGRAM

Ten silicon rectifiers were tested during the Confirmatory
Sample phase of this program. The total sample consisted of
four variations. The serial numbers and corresponding con-
struction variations were as follows:

Ser. No. Variation

II-2 IJon Implanted

IT1-3

J149 Webless Wicked

J150

J151

J157 Tungsten Button: Convoluted
J160

J162

J156 Tungsten Button: Nonconvoluted
J163

Due to the variations in construction, the number of units
subjected to each environmental test was equal to or
greater than the sample size listed in the confirmatory
test plan previously issued. Table 1 lists the plan's
sample size and the actual number of devices tested. 1In
addition, it lists the permitted percentage of failures.

A. Group A Inspection
1. Subgroup 1

All of the Transcalent rectifiers were visually and
mechanically inspected in conformance to method

2071 and Fig. 1 of the specification as modified by
the Interim Engineering Report dated January 1979
using the specified method 2066. The actual measure-
ments of the ten confirmatory J15401C rectifiers are
listed in Table 2. Table 3 shows the results of a
statistical analysis of these data which indicate
that all of the devices met the specified dimensions
with margin.

In addition to taking actual measurements all the

devices were checked using the "go-no-go" gauge
shown in Fig. 4.
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Table 2
i Physical Dimensions of Confirmatory Samples
Device
% A B C
112 4.761 3.456 0.640
]
113 4.761 3.464 0.650
J149 4.737 3.447 0.635
J150 4.751 3.463 0.647
J151 4.744 3.455 0.641
J156 4.748 3.476 0.624
J157 4,723 3.465 0.632
J160 4.749 3.472 0.631
J162 4.748 3.472 0.628
J163 4.718 3.463 0.635
1
]
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|
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? Table 3

Statistical Analysis of the Dimensional Data
of the Confirmatory Samples !

Character Avg. Sigma Max. Min. Chi-5q. N
Dim. A 4.744 0.014 4.761 4.718 8.38 10
Dim. B 3.463 0.009 3.476 3.447 2.95 10
Dim. C 0.636 0.008 0.650 0.624 3.82 10
Dim. D 1.804 0.012 1.834 1.790 12.40 10

Dim. F 2.102 0.002 2.106 2.100 15.21 10
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Subgroup 2 - Test Temperature Ty = 25 + 3°c

All confirmatory samples were tested for reverse
current, 1,, and reverse voltage, V., under the
conditions specified for method 4016.2. Tig. 5
is a histogram of the reverse current measured
under the conditions in the specification.

Table 4 lists the detail data.

From the statistical data we can expect all of the
measurements to be less than 1.2 mA or 8% of the
specified 15 mA maximum.

Prior to submitting the devices to electrical test
they all were tested out to 1000 volts of reverse
voltage to insure that a sufficient safety margin
existed.

Subgroup 3 - Thermal Resistance

The thermal resistance of the Transcalent recti-
fiers was measured using the specified method
described in paragraph 4.6.1 of the specification.
Each rectifier was calibrated for a temperature
dependent parameter by recording the forward volt-
age drop at 4 amperes at several temperatures.

The thermal resistance (Rgjc) was tested at 250
amperes of heating current, interrupted by a short
period of time (less than 1 msec.) when the cur-
rent was reduced to the metering value of 4 amperes.
The forward voltage drop across the device was
measured and used to determine the junction tem-
perature from the calibration data. Simultaneously,
the external temperature of the heat-pipes was
measured and recorded. The difference in tempera-
tures divided by the input heating power is the
thermal impedance (transient) or resistance (steady
state) of the device. The values of thermal re-
sistance calculated from the data measured on the
ten confirmatory samples are shown in Table 4.

Fig. 6 is a histogram of these data. Thermal re-
sistance calculated on the same devices after the
environmental tests are listed in Table 5 with the
initial values for comparison.
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Two of the devices, (12 (ion implanted) and J163
(nonconveluted), haa initial Thermal impedance

| measurcenents at nhe upper limit of the specifica-
tion, 0.2°9C/wW. Since similarly constructed devices
in the confirmatory sample, T1i-2 and 4156, had
initial normal measurements of 0.1°C/w and 0.07°C/w
resopactively, i*t is not believed that the high
measurements are construction orientated, but rather
a rormal variation.

4. Subaroupr 4 - Test Temperature of Case: 125 + 6°C
Reverse {urrent, i,, and Reverse
Voltage, V.

The devices were tested under the speciiied condi-
ticns by method 4016.2. The specificaiton limit
for maxinum peak current is 60 mA. The detail
data measured is listed in Table 4. Fig. 7 is a
histogram of the distribution of the i, measured
at a reverse voltage of 800 V. These data indi-
cate that all the devices were well within the
maximum limits specified.

B. Group B Inspection

1. Subgroup 1 - Forward Voltage, Vg: Test at Room
Ambient Temperature of 25 + 3°¢

The peak forward vcltage drop was measured across
all of the devices using method 4011.3. The devices
i were conducting an average current of 250 amperes
when the measurements were made. Since the current
conducted by the device is nearly 160° of conduc-
tion angle, the peak current is approximately 800
amperes and the PMS current is about 400 amperes.

During the tests, the Transcalent rectifiers were
allowed to reach thermal equilibrium e¢nd the heat-
pipe was confirmed to be isothermal. Room ambient
air was blown across the fins_to limit the tempera-
ture of the heat-pipes to 100°C.

The individual data are listed in Table 4 and the
distribution is shown in Fig. 8. All devices
passed.
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Subgroup 2 - Surge Current, if
Test Temperature, Tp = 25 + 3°¢

All confirmatory samples were tested under the con-
ditions listed in the specification using method
4066.2. The surge current test was performed in
the RCA owned test circuit that was developed for
the J15371 Transcalent thyristor under Contract No.
DAAB07-76-C-8120 and modified to test the recti-
fiers. The pulses of surge current were repeatcd
at a rate of one pulse per minute for ten total
surges. The 800 volts of reverse voltage, Vyr was
reapplied following each surge. After the surge
test, the reverse current was remeasured to confirm
that the 4000 amperes peak surge currents did not
damage the devices.

The values of reverse current measured after this
surge test are listed in Table 4 and the distribu-
tion is plotted in Fig. 9. Comparing these data
with those measured initially (reverse current -
25°C) indicated the confirmatory samples were not
affected by the surge test.

Subgroup 3 - Reverse Recovery Time, Tyy
Test Temperature Tp = 25 + 3°C

All devices were tested for reverse recovery time
per the procedures of method 4031 of MIL-S5td-750B.
A modified circuit as outlined in the JEDEC Publi-
cation No. RS282 was used. This circuit utilizes
the circuit parameters specified, however, the Ippm
is standardized at 125 instead of 50 peak amperes.

The data measured on the engineering samples are
listed in Table 4 and the distribution shown %n
Fig. 10. Agaia, the devices passed with margin.

C. Group C Inspection

1.

Subgroup 1 - Barometric Pressure Reduced

All of the confirmatory devices were successfully
tested under the conditions listed using the
specified method 1001.1. A device which arcs

over or exhibits harmful coronas that deteriorate
the device is considered a failure. After ex-
posure to the low pressure test the devices were
tested for reverse current per Subgroup 2 of Table

l: The detail data is listed in Table 4 and the
distribution plotted in Fig. 11.
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Histogram Data (6)
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Subgroup 2 - Blocking Voltage Life Test Tem-
perature: T, = 125 + 6°C

All of the confirmatory devices were tested for
200 hours, each under the conditions specified,
using the method of para. 4.6.2. After exposure
to the blocking voltage life test, the reverse
current was measured and recorded. The detail
data measured is listed in Table 6 and the dis-
tribution of the data plotted in Fig. 12. All
devices passed with margin.

The test plan required that only three devices
be tested for this parameter. Since four dif-
ferent types of devices made up the samples (see
Sec. IV) it was decided that all ten devices
should be tested for this parameter for a com-
plete evaluation.

Subgroup 3 - Thermal Shock, Moisture Resistance
and Salt Atmosphere Tests

All the confirmatory devices were tested for
Thermal Shock using test method 1051.1 and the
conditions stated in the specification. After
five cyvcles, the rectifiers were removed from
the environmental chamber and two were submitted
to the Moisture Resistance test, method 1021.1.

Reverse current measurements per Subgroup 2 of
Table 1 of the specifications were taken as a
check at this point to determine if the devices
had survived the Thermal Shock and Moisture Re-
sistance tests. All the units passed. Detail
data is listed in Table 6 and the distributions
plotted in Figs. 13 and 14.

The two devices (I12, II3) which had been sub-
jected to the Moisture Test were subjected to the
Salt Atmosphere test method 1041.1 for 24 hours.
After the test, the salt was washed off of the
devices which were then examined. The markings
were legible and there was no evidence of
flaking, pitting of the finish, or corrosion that
would interfere with the application of the de-
vices.

Reverse current tests per Subgroup 2 of Table 1
of the specification were performed, the detail
data are listed in Table 6 and the distribution
is plotted in Fig. 15. All devices passed with
margin.
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Histogram Data (9)
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Histogram Data (11)
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Subygroup 4 - Thermal Fatigue Test

All of the confirmatory samples were tested for re-
liability under the specified Thermal Fatigue Test
Conditions and Spec. paragraph 4.6.3. The "on"

and "off" times were two minutes each. The air
flow across the devices was adjusted so that when
the devices were conducging, the case or heat-pipe
temperature was 90 + 10 C max. and 30 + 10°C min.
The devices were subjected to a minimum of 200 "on-
off" cycles. Ten measurements per Subgroup 2 of
Table 1 were made. Detail data are listed in
Table 6 and distribution is plotted in Fig. 16.

Since the sample consisted of four different con-
structions, an additional post thermal fatigue
parameter was measured, Thermal Impedance. These
data are listed in Table 6 and the distribution
is plotted in Fig. 17.

All devices passed. The ion-implanted devices
came closest to the specification limit of 0.2°C/W.
Because of this high thermal impedance and other
considerations, ion-implanted devices will not be
used in the pilot run of this MM&T contract.

Subgroup 5 - Shock & Vibration Tests

Five of the confirmatory samples were shock tested
in RCA's Environmental Laboratory, Lancaster, PA
using the specified conditions and test method
2016.2.

Following the shock tests, all devices were sub-
jected to a vibration test of variable frequency
described in the Specification and Test Method 2056.
After the shock and vibration tests, the reverse
current measurements at 800 volts and the thermal
resistance measurements of Subgroups 2 and 3 of
Table 1 were repeated successfully to verify the
integrity of the devices. Detail data are listed
in Table 6 and the distributions are plotted in
Figs. 18 and 19.

The Acceptance Test Procedure required that only
two devices be subjected to the Shock and Vibra-
tion Tests. Since four different constructions
were represented in the sample, RCA subjected a
sample of each to the environmental test as fol-
lows:
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V.

No. of Devices Construction
1 Webless Wicked
1 Convoluted Tungsten Button
1 Nonconvoluted Tungsten Button
2 Ion-Implanted

Again all devices passed. The Thermal Resistance
data listed for II2 and 1I3 were measured after the
Shock and Vibration Tests.

General Data

Table 7 lists a statistical analysis of all the data
measured during this confirmatory test. Table 8 lists
the key for identifying the individual characteristics.
Figs. 20, 21, 22, 23 and 24 show the distribution of
the dimensions of the samples.

In addition to the tests discussed, *wo nonconvoluted
devices with tungsten buttons were subjected to two
complete thermal shock tests using method 1051.1 and

a low temperature of -559C instead of the specified
-25°C. This action results in doubling the number of
nonconvoluted tested doubling the number of cycles to
10 instead of 5, and doubling the stress to -55°C in-
stead of -25°C. Both devices passed with flying colors.

Reverse
Current
S/N (Iy) Thermal Resistance (ROJC)
mA Oc/w
J155 0.82 0.1 initial data
0.1 0.15 after test
J158 0.87 0.09 initial data
0.1 0.12 after test

TEST EQUIPMENT

Refer to the First through Sixth Monthly Reports for this
contract for additional information concerning test appara-

The electrical and environmental test equipment survey

listed in the Interim Report for the Engineering Samples
repeated and updated here for reference in Table 9.
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Table 7
Statistical Analysis of Confirmatory Data
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Characteristic #
1

2

e

10

11

12

13

14

15

16

17

18

19

20

Key to Statistical Analysis of Table 7 'i

Reverse Current (Ir) at +2SOC

Table g

Definition %

Reverse Current (I,) at +125°C

Thermal Impedance Raje

Forward Voltage (Vpy)

Reverse Recovery Time (Tyy)

Post

Post

Post

Post

Post

Post

Post

Post

Post

Surge Test, Reverse Current (Iy)

Barometric Test, Reverse Current (Iy)

Blocking Voltage Life Test, Reverse Current (I,)
Thermal Shock Test, Reverse Current (I,)

Thermal Shock & Moisture Test, Reverse Current (Iy)
Salt Spray Test. Reverse Current (I)
Shock & vibration Test, Reverse Current (I,)

Thermal Fatigue Test, Reverse Current (Iy)

Environmental Test, Thermal Resistance (Rgjc)

Final Environmental Test, Thermal Resistance (Rgjc)

Dimension A
Dimension B
Dimension C
Dimension D

Dimension F
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Fig. 24 Statistical Distribution of Dimension F
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Repetitive Surge Current

Test Set. The DUT was mounted
inside the interlocked door on
the left in the photograph.
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B. Forward On-State Voltage Test Sct

In the forward on-state voltage test the peak forward

\ voltage drop is measured while the rectifier is con-
ducting its rated current. At the same time the
operation of the hcat-pipes is confirmed.

The test set shown in Fig. 27 applies the full

rated average a.c. current to the DUT. The cooling
air flow is adjusted to achieve the required 100°C
on the case of the heat-pipe of the DUT before the

‘ peak forward voltage is read on the oscilloscope. A
; functional block diagram of the circuit is shown in

E Fig. 28.
During this test the temperature is measured at
several points along the heat-pipes. In this way,

the heat-pipes' thermal balance and isothermal cha-
racteristics can be verified. A poorly functioning
heat-pipe is not isothermal. Properly functioning
heat-pipes are important not only for the reliability
of the DUT, but also because the on-state voltage is
a function of the junction temperature.

C. Thermal Fatigue Test Set

Rectifiers are temperature cycled by operating them

in a circuit in which the devices are heated by con-
ducting their full rated current of 250 A average and
cooled by blowing room temperature air across the fins
on the device. The test is conducted for a minimum of
200 cycles. The test set is shown in Fig. 29 along
with the functional block diagram of the circuit in
Fig. 30. The air flow is adjustable to assure that
the specified minimum and maximum (min. T¢ = 30 + 10°C,
max. Tc = 90 + 10°C) temperatures are achieved on
every cycle. A recorder connected to a thermocouple
attached to the rectifier is used to verify not only
the temperature range, but also the number of cycles.

D. Blocking Current Test Set

The blocking current test set is used to measure the
leakage currents of the reverse blocking junction.
The test set along with the functional block diagram
of the circuit are shown in Figs. 31 and 32, res-

pectively. The reverse blocking (leakage) currents ;
are measured at the full rated a.c. voltage of 800 ?
volts peak. These currents are measured at both '

room temperature (25°C) and at the maximum rated
temperature (125°C) of the Device Under Test (DUT).




Figure 27

Forward On-State Voltage

Test Set. The DUT was mounted
at the top of the cocling air
duct in the center of the
photograph.
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The measurcment is pertoconed by monitoring the voltage
drop =crcss a callbratec roesistor in series with the
DUT. Th:rs cnables  an oscilloscope  to be used to
measure the peak current since the oscilloscope 1is a
voltage rather than a current measuring device. Ohm's law
converts the reading to the current.

Blocking Vsltage Life Test

Rectifiers are life tested for 200 hours by sub-
jecting them to reverse blocking voltages of 800
volts while at a temperature of 125°C. A 60 Hz 1/2
wave AC power supply is used for voltage power. The
test set is shown in Fig. 33 and the functional block
diagram is shown in Fig. 34.

Metering within the test set provides the temperature
of the DUT, elapsed time, voltage and current. A
jack is provided for the measurement of the peak
voltage with an oscilloscope. Indicator lamps and
high voltage fuses are included in the power supply
to indicate whether a DUT has failed to block the
high voltage during the tests. The test set is de-
signed to test six devices simultaneously.

The power supply is connected through a voltaage re-
gulator to the primary power lines of the high tem-
perature oven. In this way, the power and timinag are
removed from the DUT in the event of a power inter-
ruption that would reduce the oven temperature below
the test value. An interlocked oven door 4lso removes
the high voltage from the DUT when the oven dcor 1s
opened, thus, protectinag the personnel.

This power supply 1is also used for the Reduced Baro-
metric Pressure test for half wave voltage apyplication
to the DUT in the vacuum chamber.

Thermal Resistance Test Set

The thermal resistance test set is used tr Jet-rm.one
the thermal resistance between the junction aGid the
hase of the fins on the heat-pipe.

Prior to testing the rectifier, each dovice 18 cali-
brated by recording the forward voltage (Vp! droyp

at 4.0 A as a functicn of temperaturc. At cacn
selected temperature, sufficient time is taken to
insurec that the junction, the heat-pipes and the overn
are all in thermal equilibrium. At 4.0 A, Vg versus
temperature is interpreted from measurements of the
Vp at temperatures between the selected temperaturcs.
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It is this characteristic of Vg \crsus temperature at
4.0 A which is employed to determine the junction
temperature during the thermal resistance test. The
difference between the¢ junction temperature and the
case temperature, which is measured with a thermo-
couple attached to the outside wall of the heat-pipe,
divided by heating power is the thermal resistance.

When a rectifier is tested it is heated by pasaing
rated current through the device. This heating cur-
rent is interrupted every, 50.0 ms for about 0.5 ms.
During the interruption, the Vg is measured at the’
calibration current of 4.0 A.

e e - s eee 4 e«

The test set is shown in Fig. 35. Fig. 36 1s a
functional block diagram of the circuit.

The thermal resistance of the Transcalent rectifier
is a function of dissipation power and ambient tem-
perature.

CONCLUSION AND RECOMMENDATIONS

The confirmatory sample phase of the program has been
successfully completed on schedule as stipulated by the
program evaluation chart (PERT). See Int. Tech. Rept. Jan. 1979.

No particular difficulties were involved in this phase
of the program, and we are ready to proceed with the
pilot run program when permission is obtained. It 1is
suggested that this approval be given as early as pos-
sible so that this work can proceed on schedule.

We shall proceed with the preliminary pilot run report
as quickly as possible since we recommended that a
pilot run demonstration be given early in the pilot
production run. This approach has the advantage of
many pirts and subassemblies being available to de-
monstrate sequential operations in a short amount of
time.

All drawings and procedures will be updated to reflect
the final design for the pilot run, namely, standard
doped, webless wick and nonconvoluted cathode strain
isolatinn rings. The reasons for the final design have
already been discussed and verified in the body of this
roeport.
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Fig.

35

Thermal Resistance
The DUT is mounted
of the cooling air
in the foreground.

Test Set.
in the end
duct shown
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