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ABSTRACT

This sixth quarterly technical report on the MM&TE Contract
DAAKO07-76-C-8120 for Transcalent (Heat-Pipe cooled) SCR Thyris-
tors describes the completion of deyice refinements for the Confirma-
tory Samples. Also described are the problems encountered and
the results achieved in the testing of the numerous characteris-
tics, including the measurement of some new parameters, not
previously required by the contract.

Actual test results for the five confirmatory samples are in-
cluded to verify that the device design conforms to the elec-
trical, mechanical and thermal specification, SCS-477.

Additional preparations for production are described as well as
some vendor selection information. The revision to the PERT
Chart, prepared and submitted on 29 August 1977, is still appli-
cable.

Plans for the next quarter include preparation of a Preliminary
Pilot Run Report, demonstration of the pilot line and production
of the pilot run sample devices.
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PURPOSE

The purpose of this production engineering contract is to es-
tablish the technology and capability to fabricate heat-pipe
cooled semiconductor power devices, silicon Transcalent Thy-
ristors, Type J-15371. The subsequent pilot production of
these devices is a part of the contract. This report covers
the efforts performed by the contractor in the sixth quarterly
period to modify the engineering sample device for production,
use the established process and fabrication methods to construct
the confirmatory samples and a tely characterize and delivex

these sample thyristors. Plans for future work are also pre-
sented, corrective action is delineated for problems that have
been encountered and other information is discussed to help
assure that the purpose of the contract is accomplished.

This contractual MM&TE program is being used to establish the
production techniques, establish quality control procedures
and verify a pilot production capability for the J-15371 thy-
ristor, conforming to the drawing attached to AMENDMENT 1 of
SCS-477. Electrical, mechanical, thermal and environmental
inspections are a part of the program as well as extensive
documentation requirements, per DD 1423.

No high volume production facilities existed at the start of
this contract for the Transcalent type of solid-state power
device. However, production planning constitutes Step II of
the contract. Thus, the time required to produce future large
quantities of the J-15371 will be reduced for either current
military requirements or future emergency requirements. Re-
duction of the reproductive costs for production quantities is
also an important objective.

The J-15371 thyristor is a 400 amperes RMS, 800 volts, forced
air cooled solid-state power control device, utilizing integral
heat-pipes for improved cooling efficiency, lighter weight and
smaller size than the conventional devices with their externally
attached heat-sinks. Improved reliability results from these
innovations. A blocking voltage capability of 800 volts mini-
mum at 125° Celsius is a requirement. Original R&D efforts

were conducted successfully by RCA under Contract No. DAAKO2-
69-C-0609, for MERADCOM, Ft. Belvoir, VA. Potential applica-
tions include power conditioning, power switching, phase control,
voltage variable power supply and motor speed control equipments.
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GLOSSARY

All abbreviations, symbols and terms used in this report are
consistent with the Electronics Command Technical Requirements
SCS-477, dated 5 December, 1974. This Technical Requirements
document, in turn, references MIL-S-19500 for the abbrevia-
tions and sumbols used therein except, as follows:

Reverse Gate Voltage

VGR
Igr = Reverse Gate Current

The format used for this report is that specified in the

DD 1423, namely, ECIPPR No. 15, Appendix C, augmented by
MIL-STD~847A. Sub-section numbering is based on Appendix C
and the applicable test methods are those referenced in the
following military standards:

MIL-STD-750B
MIL-Std-202E

Detail, individual item requirements shall be in accordance
with MIL-S-19500.
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NARRATIVE AND DATA

1. Device

Description of the Structure - Refer to pages 9-13 of the

First Quarterly Report for a description of the Transcalent
thyristor device, the applicable reports, and the applicable
patents as well as the advantages of this heat-pipe cooled
technical approach. Refer to Figure 1 in the Second Quar-
terly Report for the cross-section drawing of the J-15371
with the external dimensions added.

Defining the Problem Areas and Work Performed to Resolve the

Problem

(1)

Conversion of Design for Production

The Transcalent Thyristor design achieved under R&D
Contract No. DAAK02-69-C-0609 was described in the FTR,
October, 1972. Subsequent refinements have been in-
corporated under Contract N62269-73-C-0635 and by RCA-
funded engineering projects. Additional engineering is
being applied under the MM&TE program to convert the de-
sign to one more suitable for production, as described
in prior Quarterly Reports covering the period 27 Sep-
tember 1976 to 31 December, 1977 and below for the most
recent quarterly period.

(a) Item No. 0001AB Confirmatory Sample Phase

_— e - —— e m— e = ot —— - — = — —— —

i. Device Fabrication

Nine more confirmatory samples were fabricated
during the last quarterly report period. Five
of the thyristors were shipped to MERADCOM,
attention of Dr. R. Eaton in fulfillment of the
second phase of the MM&TE Contract. All five
confirmatory sample devices passed Specifica-
tion No. SCS-477 which lists over 50 separate
inspections for electrical, mechanical, thermal
and environmental characteristics. Final measure-
ments were also made which confirmed that each
unit did not degrade during the tests. The
serial numbers of the devices shipped are:

F20, F23, F26, F29, and F3l.

Two of the thyristors fabricated, F22 and F24,
were tested at a constant acceleration of 500 Gs
for one minute along three axes of the device.
This test was for engineering information only.

L3
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ii.

One of the devices, F22, failed the test be-
cause its electrical characteristicsindicated
a short circuit at final measurement. There
was no external physical damage to the device.
F24 showed no change from its initial electri-
cal characteristics.

The results of this constant accelleration
test are consistent with those of an earlier
test reported on page 54 of the 4th Quarterly
Report of this contract. A 50% survival rate
for this stringent test seems the norm.

Device F27 which was fabricated during this
report period failed the dv/dt test. At

125°C, F27 dv/dt was 90 v/us compared to a
specification of 100 v/ps. Another device
which was fabricated, F30, degraded following
cycling to -259C. The devices remain in the residual
inventory of the contract.

Silicon Wafer Processing

The redundant photoresist process described in
the last quarterly report has been successful
in controlling the electrical characteristics
of the thyristor. The two-step process re-
duces the probability of pin holes in the re-
sist from forming extraneous shunt paths for
the gate current.

In diffusing the silicon wafers, a shunting
current, Ig, is measured to control the emitter
diffusion. The reciprocal of shunt current is
a measure of the resistance of the p base. 1In
Figure 1 is plotted the shunt current versus the
gate trigger current for a number of devices, The
scatter about the line drawn through the data
is believed to be due to difficulty in making

a low voltage ohmic contact to the unmetallized
silicon. The data shows the gate current in-
creases with the shunting current.

In Figure 2 is shown the dependency of dv/dt
upon the shunting current. The scatter about
the line is similar to that displayed when gate
current was the dependent parameter. This data
also shows the dv/dt increases with the shunting
current.

In Figure 3 is plotted the dv/dt versus the
gate current. Most of the data points nest
very close to the trend line except for N18.
N18 was processed prior to the introduction of
redundant processing.

14
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iii.

iv.

High Voltage Blocking Currents

There have been no difficulties encountered
in diffusing high voltage junctions during
this report period. The average leakage cur-
rents, both forward and reverse, for the five
confirmatory samples was 8.7 mA at 125°C com-
pared to the specification limits of 60.0 mA. The
data spread was also very small with the highest
leakage current being 12 mA. .

Analysis of Cracked Wafers

The finite element computer program which was
described in the fifth quarterly report has
been modified to force its convergence. The
program defines the deflection of the molyb-
denum disc at the end of the heat-pipe while
a heat-pipe subassembly is cooling from 400°C
to room temperature. Without convergence,
the deflections reported in the last report
were about twice actual values. The con-
vergence criteria is complex and difficult to
achieve because both the elastic and plastic
properties of the copper must be entered into
the program. The latest calculations show the
maximum strain is less the 0.001 inch and that
most of the deflection occurs before the
solder solidifies at 300°C. It is concluded that
the small deflection at the end of the heat-
pipe is not introducing enough stress into
the silicon chip to break it.

Durirg this report period, another potential
cause of cracking was identified by examining
metallurgical cross-sections of the wafers
following the chemical vapor deposition of
tungsten. The problem manifested itself when
the throughput of the CVD system was increased
from six (6) wafers to twelve (12 wafers per
run. It was noted that a couple of wafers in
each run exhibited slight lifting of the
tungsten plating at one or two spots near the
step at the edge of the polysilicon/oxide
layers on the silicon wafer. The wafers with
lifting were usually near the exit end of the
deposition furnace. Cross-sections of the
wafers showed that the silicon near the edge
of the step was etched during the deposition
process. The cross-sections also showed that
the oxide exposed at the edge of the step was

attacked by reacting gases and that the etching suztad
once the step was coated with the CVD tungsten.

18




The etching must therefore occur only during the
first few seconds of the process. Since hydro-
fluoric acid vapor, a by-product of the reaction,
will attack silicon dioxide; it was reasoned that
a concentration of another by-product, tungsten
oxytetrafluoride is formed at the site of the
lifting and that it is this compound which etches
the silicon. To minimize the presence of oxygen,
on which the formation of the compound WOF4 in the
system is dependent, the entire CVD system was
helium leak checked for air leaks.

Repairs were made to a leaking valve, the cold
traps were cleaned of excess deposits to increase
the pumping speed, and an outgassing rate was es-
tablished which is reconfirmed before each CVD run.
The outgassing of the system is measured by closing
the valve between the pump and the system after the
system is evacuated and noting the rate at which
the pressure rises in five minutes. Any leaks will
increase the observed rate of outgassing and the
run is then aborted. Since the valve was repaired,
the traps cleaned and the outgassing rate observed,
there has been no lifting of the tungsten plating.

Considering the nature ot the problem, in that a
crater will act as a notch in the brittle silicon
and that the crater can be covered with CVD tungsten,
it is conceivable that some wafers with hidden de-
fects were mounted into devices. The craters are
not always evident to the unaided eye but yet, they
would provide a notch from which a crack could propa-
gate and degrade the forward blocking junction. 1In
the worst case, the crack could cause delamination
during stress testing, such as thermal cycling to
-25°C, thus destroying the device.

In an effort to insure that the problem will not
recur, steps have been taken to insure better cover-
age of the edge of the polysilicon/oxide layers.

The first step mentioned in the last guarterly re-
port is the ordering of the new evaporating fixtures
which is capable of rotating the wafers in the vacuum
bell jar while the palladium is being evaporated.
This new fixture will provide better edge coverage
as well as increase the capacity of the system.

This fixture has not yet been delivered by the
vendor.

19




vi.

The second effort will provide a more permanent
solution to cratering, in that exposure of the
oxide to the hydrofluoric acid vapors will be pre-
vented. An experimental lot of wafers is now
being processed. If successful, the process will
be used for the pilot run.

Wick

Another bar of wick was made for tensile testing.
The bar was made by sintering the copper powder
at the same temperature as the wick in a heat-
pipe is sintered and had the dimensions of 0.535
inch in diameter by 8 inches long. The tensile

curve is shown in Figure 4. At a load of 390 pounds,

the bar broke in a brittle fashion at a stress of
1700 psi. The voids in the sintered powder, which
are necessary for capillary action, notch the
sample so that the bar breaks at the weakest sin-
tered link between particles. A strength of 1700
psi is sufficient strength for any material which
does not bear a load.

Ceramic Seal

The metallizing ink was changed on the ceramic in
a continuing effort to upgrade the integrity of the
ceramic-to-metal seal. This change was made so
that the ink would be the same as now used on
other devices of the RCA power tube product line.

The high strength of RCA's proprietary metallizing
was confirmed by brazing cathode and anode flanges
to the metallized ceramic and pulling the flanges
off of the ceramic in the tensile machine. The
first assembly which had cathode flanges brazed to
both ends of the ceramic groke at 673 pounds. The
fracture was in the ceramic, midway between the
flanges. The second seal assembly which employed
anode flanges broke at 373 pounds. The fracture
was again in the ceramic but was closer to one of
the flanges. The anode flange is twice as thick as
the cathode flange and the added rigidity intro-
duced some residual stresses into the ceramic.
These tests verify that the flange-to-ceramic
joints are stronger than the ceramic and that the
metallizing process is thus under control. A
strength of 373 pounds is a much greater load than
a device would be subjected to in service.

20
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(2)

(3)

Standardizing of Parts and Assemblies

In preparation for pilot production, the work qf in-
corporating bills of materials, partg,.assgmblles and
assembly processes into the RCA spec1f%c§tlon (stap-
dardizing) has been completed. In addition, a desggg
review meeting was held to review and approve .the specifi-
cation package.

" Attending the review meeting were representatives of
Quality Control, Purchasing, Engineering, Manufacturing and
Production Planning activities. Various suggestions
from the group were included in the final package.

The latter effort is used to screen new products so
they fit into RCA production centers. For example,
parts procurement has been transitioned to the Material
Control activity. Time study efforts have been com-
pleted by the Industrial Engineering activity. The

results of the study have been helpful as described
below:

(a) Realistic costs have been established.
(b) Labor intensive areas have been pin-pointed.

(c) Manpower requirements can now be determined for
various production rates.

(d) Equipment utilization can now be determined for
efficient work flow.

(e) Effective use of labor force can be planned.

(f£) A production line can be planned, utilizing the
data from the time study.

Parts Procurement

Late delivery of the stamped or drawn metal parts,
previously reported, has been resolved. The three late

parts have been received and they are of acceptable
quality.

Parts procurement of all items required for pilot pro-
duction has been initiated by Production Planning. All
incoming items will be sent through Incoming Inspection
and stored in the factory stockroom.

22




(4) Test Report

The test report on "Silicon Transcalent Thyristor
Confirmatory Samples, RCA Development Type J-15371,
Tested to ECOM Spec. No. SCS-477" was completed and
submitted 23 March 1978. This completes item No.
0003AB of the contract.

Conclusions

The confirmatory sample phase of the contract is complete and
RCA is awaiting acceptance of the samples to proceed with the
pilot run phase of the contract. Preparations for the pilot
production phase are continuing.

Drawings

Drawings of the piece parts and sub-assemblies of the device
were included in the first Quarterly Report with revisions to
these engineering drawings subsequently included in the
Second Quarterly Report. Any subsequent revisions will be
noted as they occur.

23




2. Process, Equipment and Tooling

a. Purpose of Each Step

(1) Device Processing and Tooling

Figure 4, Engineering Drawing No. 3025577, in the First
Quarterly Report, showed the flow of parts through the
various assembly steps and a descriptive title was
listed for each operation. Also shown were the sub-
assembly drawings and fixture drawing numbers for each
operation. In both the First and Second Quarterly Re-
ports, the procedures for using the fixtures were in-
cluded with a photograph of each fixture. This infor-
mation continues to be used for the device fabrication
and processing.

(2) Electrical and Environmental Test Equipment

The flow chart of the electrical and environmental
testing sequence was given in Figure 7, Drawing No.
3025578, of the First Report. The name of the test
was given as well as the special conditions and the
MIL-STD-750B method number. Long-time tests had the
time interval indicated in the figure. This chart
remains valid for the program.

b,c. Problem Areas and Work to Resolve Problems

(1) Device Processing and Tooling

Fabrication processes that are known to limit the pro-
duction quantities are being improved by improving the
yields, by increasing the quantity per operation, by

f reducing the labor required and by more complete docu-
mentation of the processes.

(a) Edge_Contouring Process Refinement

: The wafers from lot #17 were contoured by a vendor

selling contouring equipment. The contoured edge ;
was etched and the wafers tested for their block-

ing voltage capability. None of the wafers

were capable of blocking more than a few hundred

volts because of excessive chipping along the knife

edge of the contour. The vendor was also not able

to cut the 5 degrees angle as specified.

For these reasons, the same contouring procedure
will be used in the pilot run as was used for con-
touring the engineering and confirmatory samples.

g o 25




(b)

(c)

(d)

The throughput of the tungsten CVD system was up-
graded from six wafers to twelve wafers at a time.
Problems and their solutions which arose in in-
creasing the capacity of the system were discussed

in an earlier section of this report, under
"]. "pevice", b,c,(L)(a), iy, “Analysis of Cracked

wWafers."

—_— —— — — — — — — — — o —

A "Ramp-up", "hold", and "ramp-down" controller

was purchased for the diffusion furnaces. Having
"ramp-up" available in the furnace controller frees
an operator for other tasks when wafers are in-
serted in a furnace. Formerly an operator had to
be in constant attendance of the furnace while the
furnace was being ramped-up to the diffusion tem-
perature. A timer had previously been installed

on the furnaces to start the slow cool or ramp-down.

The delivery of the fixture for the vacuum evapora-
tor has been delayed because the vendor cannot make
its height adjustable. RCA has been working with
the supplier to correct this deficiency in design
by making the height of the evaporant source ad-
justable. The design is to be finalized during

the next month.

(2) Electrical, Thermal and Environmental Test Equip.

(a)

Status

All test equipments continued to operate satisfac-
torily for the evaluation of the confirmatory
samples. All of the electrical test equipments
were listed in Table 1 of the Second Quarterly Re-
port. In the same report, the tests performed in
each equipment were listed in Table 2. Actual
test results are listed in Section 5, "Data and
Analysis" of this report. Test procedures were
included in the Appendices of the Second and Third
Quarterly Reports.

Functional block diagrams for each of the test sets
were included in Appendix C of the First Quarterly

Report. Photographs of the electrical test equip-

ments were included in Figures 3 through 12 of the

Third Quarterly Report.

26




Layouts of the various test equipments were in-
cluded in the Appendix of the "Report of Test
on Silicon Transcalent Thyristor Engineering
Samples", dated 15 July 1977 and issued sepa-
rately.

(b) Test Equipment Calibration_Schedules
Electrical test equipment calibration dates were
listed in Table 4 of the Fourth Quarterly Report.
The schedule established for the recalibration
of these equipments on a regular basis was used
to recalibrate each equipment in this report
period. This call-out occurs automatically at
four to six months intervals. The calibration
was carried out by the RCA Meter Laboratory
Calibration and Standards Department.

Environmental test equipment calibrations in
the RCA-Lancaster environmental laboratory are
also performed at four to six months intervals.
The calibration schedule was listed in Table 5
of the Fourth Quarterly Report.

Conclusion

The process, equipment and tooling designed, fabricated and
used to fabricate and evaluate the engineering and confirma-
tory sample devices is now ready for fabricating the pilot
production. No process, equipment or tooling limitations
are apparent for the pilot production phase.

Drawings and Photographs of Tooling and Equipment

Copies of the drawings of the special tools and fixtures were
included in the First Quarterly Report along with Block
Diagrams of the test equipment. Tools and fixtures that

were revised were included in the Second Quarterly Report.
Photographs of these items were included in both reports.

Photographs of the electrical test equipment were included
in the Third Quarterly Report with text references that de-
scribed each equipment item. Testing procedures for the
electrical test equipment were included in Appendix C of
the Second Quarterly Report and in the Appendix of the
Third Quarterly Report.
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3. Flow Chart of Manufacturing Process Yield

Manufacturing process yields are to be determined during the
Pilot Run.

4. Equipment and Tooling Costs

This information will not be included since such a data require-
ment is generally not applicable to a Firm Fixed Price Contract
on equipment and tooling that is purchased and furnished by the
contractor for unrestricted use in fabricating the devices re-
quired by the contract.
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5. Data and Analysis

a. Inspections

(1)

Confirmatory Sample Devices

The confirmatory devices were inspected in accordance
with paragraph 4.4, using the sampling plan included
in this paragraph of SCS-477. The requirements of
paragraphs F.48 of the contract and 1.2.6 and 3.1.8
of ECIPPR No. 15 were observed.

The test results on the five confirmatory devices reveal
an obvious consistency and reproducibility of most of
the electrical and thermal characteristics. The basic
device design is thus judged to be adequate. Specific
comments, analyses and discussion of the test results
are listed below by inspection sub-groups in SCS-477.
Refer to Table la, b, ¢ and d for both the specifica-
tion (spec.) and the actual measured values.

b. Discussion of Inspection Results

(1)

(2)

(3)

Forward and Reverse Blocking Currents

Figure 5 illustrates the plot of Forward Blocking Cur-
rent vs. Case Temperature for the Engineering Samples
and the Confirmatory Samples. It should be noted that
the confirmatory grouping is tighter than that of the
Engineering Samples. Figure 6 further emphasizes this
aspect for the Reverse Blocking Current.

Gate Characteristics

Figures 7 and 8 show the superimposed Gate Trigger Current
and Voltage for the Engineering and Confirmatory Samples.
It should be noted that the five Confirmatory Samples were
taken from three different diffusion lots and this should
be considered as an increase in the confidence level for
production control and reproducibility. The recent gate
characteristics data reflects lesser excursions than the
earlier data.

Holding Currents at 25°%¢

This Confirmatory Sample parameter plotted in the bar
graphs of Figure 9 averages about 5.5 mAdc with little
spread as compared to the Engineering Samples and is

well under the 500 mAdc limit for the specification. For
some applications of the thyristor, it is desirable to
have higher holding currents to minimize the external cir-
cuitry used to shut the device off. The limits, therefore,
should be maintained so that this value may be increased
if desired.

29




*J3ds ul uaALb aJe SuOLILPUOD 3533 JO S['e13Q :IION
sordues ArojeuITyucy - e3eqg 3Isal el FTEVL

i 8T ®
7T ST STT BLALE ) S g 59 8" v 0 £ A 0z/z 1ed
0z ® _
T 1 jA0) o vo 44 S 9 S9 8°0 ¥°0 ¥°0 / 0z/z 624
9T ®
1 0S5 AN v 6 v 9 09 L0 S°0 £°0 / £/2 9Z4
. 0z 9
T OST | Gvl €0 6 L S S9 L0 S°0 v y 0E/T tzd
pWEZ ®
A A | ST7ADET | OPAV 0 | Pa0Z L oS wIrg AL°0 W ©Q g “0) / 1e/1 0zd
R
paisa) “ON LINN
¢ J] 33eq
3 J| 86l
-
s 7A00L . NIN
AO"¢ | sn0ST JPAQ"G | VW09 | wwQ9 | IPywo0s [dPyw0oa OPAG | ywsT yugl = XYW
Wip 13303 3P/AP [IOT/IIA TWO84, | W08Y, ] J1 A WOS4y | WOSNL . 108WAS
“3dsu]
- 0062 <— J0G21 1= _ JoS2 | LensiA NOILIGNOD 1S31
9eev | vech 1 {¥47 1éch | 90¢h | TT¢h 102h 12¢h | 844 ] 902t ey 1£0¢ {QOHLI3W 0SL-01S-1IMW
SDEJ[OA | ouwl] oSty A | A'DLAL b, %o0[gRUSIIN) JuaLIN) [ [ BLa] [ A-BLay | BuLyoo|g Juadan) "yoay ¥
33835 UQ jjo-uanfajey-dx3 | 33e9 pJemuoipsuanay| buLploy 938y 93®) | PJPMUOJ | 3SJAA3Y | [eNnSLp 1S31
=001 | %001 %001 %00T | Z00T | %00t %001 %001 %001 %001 %001 2001 031531 SLINO'ON
v v & 3 T ¢ |4 1 4 4 4 | dnoy98ns
v dnoy9
CTNHLNOWNOW' L3¢ (WOJ3YSN) HONVYE INIWIYNI0Ud' SAS WWOD :¥3ANS 9/61 1SN9NV 1€ T - LN3WONIWY
"¥d ‘Y3ILSVONVY (0%03) VO¥ :¥dW % P61 ¥38W3J3Q S LLP-SIS  :23dS

0218-2-9/-£08 ¥Y¥Q :LIVYINO) TZESTC “YOLSIYAHL INITYISNVYL NOJITIS :W3LI ’




o e

sordwes Arojuuatyucy - e3eq 3Isal - qT FTEVL

e

‘aTdwes $07 Aq POTITILA SO PuozuUCD,

Ted v v v v v LS & 0Ey T°T v v
52d v v v v V| v | 80 sz o v L v

9 Vv v v v g “0 U *0 8°0 0 6°0] OPY¥S°0 VIS 0 Wp 0  W000‘p<
£z WET | WK W 0 W 0 v V] 60 z8 6°0} v v v v

v 0T v v v 7 V[ v |40 poewsy ono T v v v v -
-
*ON 3TUn
sabang
[
opyuw (PosTNd,
w09 unmioo yust yust YWwGl | YWST | A2 | poel | 2PA IPY0 L ywsl | ywsy

WOgdL adL Wogd WOgd, WOBdL | WOSHL | Wip | 1I9p 10p 1 WO84y | WOSY, LES]

L M_HWW < 20521 = Josz <= 90zv | lley Jo5e-_ =~ P31 Swopet e
90¢v | TIcv 902t 112h 1¢01 | 1SOI |922b | T22h 122¢ 612h 902y | TI2v | Z°990%
1797t ["eded 43d | 3S1S3Y | 3StOW ['3(OA 1 Bray A Gray Juaaanjf b,32019 fuadang Jusdan)
3s3) | 3417 [36e3|0A |Buiydolg | 3|9A) jdwaLalpIs-u 3jeg | 33ey pIeg-A3y| paemuoq uﬂm@mv abJang
%01 20 %01 %0 %01 %01 | %001 | %001 %001 %01 %01 %01 %01
SIUSBWAUNSEAK |PUL4‘y | "SPI| |PUL{E F3 SJUBWRJNSeY |PUL{'] T
d
ol ‘¥4 *NN938 1S31 31va TLesie *3dAl “S. YN

:@3137dW0J JS31 31va [LESTL  *3dAL “S.¥INOD

. i




soTdwes A10jeurTyuc) - e3eq 3IssL - OT FMEVL

STdmes $07 Aq peTITILA SoURIZOFUCD,,

v v v v V] o00°8 | 9z8°1 | ¥¥9°0 | Sh¥°€ LLY T€d
v v v v V]I 00°8 | S28°T | 059°0 | SS¥'€ 6L"V 6zd
v v v v V] 08°L | vZ8°T | S¥9°0 | Z9¥°€ SL°Y 9zd
v v v v V] 00°8 | TI8°T | 9¥9°0 | ¥9¥°€E SL°Y (X4
(UOT3RIqTA ‘“POUS) AZ'T| OPw08] OIPAL'0 YO0 | WSOl 00°8 | WlT8°T |uEPI 0 |u6PP°E wbL°Y 0za
‘ON L1INN
jJuawaatnbaa °dads e joN
- Aluo uoLjewuojuL 404 ¥
w00°9 ]u009°0 |,52h°E "NIW
#.N JpYWO00T IPAS Ywog | ywog w258 11,00£°0 |,GLb°€ 400°G "XV |
ET) 191 I0p W04 | WOSY, 3 a J 8 Y T08WAS
922b Iech.). . 1¢2¥ 90¢2v | 12t 1 34nbi4 | NOILIONOD 1S3l
900¢ 950¢ | 9102 - 9902 | GOHL3W 0SZ-Q1S-TIW
(]
* 1922y [ Jue3suo) [‘uoLieaqiLp [ yd0ys . Led1sAyq 1531 |
%01 %01 %01 %01 %01 %001 %001 %001 %001 %001 031S31 SLINN'ON
SJUSWAUNSeAW |RUL{“C 1 dnoyoans
J anogy |

32




seTdwes AxoqeurTyuc) - e3eg ISAL - PI ITEYL

oTdues $07 Aq POTITIe) SOUBMIOZUCD,

4
T
L
¥ 1 28d0] 0T 0 v v k. 88 4 v i v v Ted
jeq )
€ L0°0 TT0] 2°1. SL L0 z-of 'Ol A£°7 Opwws9 [opns 0| W0 | W0 | 623
€ 0T'0 0T°0 v v v v v v v v v |92
S #T°0 Zr'o v v v v v v v v €zd
_ e ; S5, 3Te) -
- 5 TR/ PT0 | TTeH/O0°0 | AT'T | 006 Rl q 9 v v loz
b i -
‘0N
LINN
(‘IVLLINT) (TUNTLI)
aje "0 | Ag-2 | SORI000 [ oppal oz | oz | ag-z] | 2pjs | yuoz | yeos |
o >l d-pg | Wip 1 A | w084y | WogY} A 9] A | WO84; | WOSY,
922 | [220] 122k . mb.mw 112y | 922¢ 122v| Tcev | 902v | 112
b 1£14 ISIE 9°p ;ede 1401 T00T
T TemSqyosT BVUEISTSRI| 9dURIS|SI)Y |
adrd-IeeH TeuTsyL rewsayl | *Briey [ewsayy d43ydsouny 3|eS 34NSS3dd  I1J4WO0L
¥00T 00T %001 [ 20T | 0T | %0T | %01 | %01 | %ot %01
708 'd A Jo1ad| S SJUBURJNSEIN [PUL4’ Y SJUSWIINSEay [eUld"




- -

» 7 oty
\ i — -
Wl (1631 BB S0 W

|
»d
-
Ei

L.l

|
|

1

E ;

+
L

L
|
i

L
|

|

|
1
|
f o L,«r
!
i

|
a
—

|

|

[

|

|
i
|
|
¢
4
|
1
l

i
|
Ef
il
i

L

t

i !
ax.|

LA
LR} ]
300

Fig. 5 Forwarg Blocking Current vs. Case Temperature
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(4)

(5)

Dynamic Tests

The bar graphs of Figure 9 also show the test results

of the Exponential Rate of Voltage Rise, Turn-Off Time
and the On-State Voltage Measurements. The conditions
imposed on the device for the Exponential Rate of Volt~
age Rise were derived from Modification P00003 or Speci-
fication SCS-477. With these more realistic conditions,
the results were above the required 100 volts per micro-
second. The distributions might be explained by the
high rate of change of this parameter at elevated tem-
peratures as well as by the variations in I,,,. The
stability and the measurement of temperature become
critical if data is to be repeated with high precision.

The Turn-0Off Time, Fig. 9, of the Confirmatory Sample
devices was nearly the same as that of the Engineering
Samples with the exception of one data point. 1In
training personnel to use this complex equipment, a
test limit was imposed and the test conditions were ad-
justed to this to determine if a device was acceptable.
It is felt that no attempt was made to evaluate the
minimum Turn-Off Time for this one device and, hence,
resulted in a maximum limit reading. Since the data
point was within limits, it was not questioned when re-
viewed initially.

The On-State Voltage average at 100°C case temperature
has decreased as shown in the final bar graph of Figure
9. This is desirable from the standpoint of a lower
operating junction temperature and the ability to with-
stand surge currents.

Surge Current

Thyristor No. F26 was the sample subjected to the Surge
Current Test consisting of a one-half sine-wave forward
current surge at 4000 to 4200 amperes peak. On the next
one-half cycle (the negative half or reverse voltage
cycle), an 800 volts peak one-half sine wave is applied
to the device being tested to confirm that it is capable
of blocking the reverse voltage immediately following a
surge of current. This was repeated at one minute inter-
vals for ten surges. At the time of test, a time constant
adjustment was required since instead of one voltage pulse,
two were actually applied to the device after each surge.
This represented only a slight increase in the severity
of the test. However, this malfunction of the equipment
will be corrected for the devices of the Pilot Run.

Final measurements show the F26 characteristics were un-
changed by the more severe test. Included in the final
measurements is a pulsed reverse gate current measure-
ment of 0.5 peak amperes at 5.0 volts.
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Reduced Temperature Tests

All devices were tested for gate trigger characteris-
tics and on-state voltage at a case temperature of
25°C below zero (248°K). The gate trigger characteris-
tics are shown in the graphls of Figures 7 and 8.

Thermal impedance measurements were recorded prior to
this test and then immediately after or after the
major sampling tests where applicable. Figure 10
illustrates these results in bar graph form, again
showing the Engineering Sample data and the Confirma-
tory Sample results both before and after the reduced
temperature tests. Thermal resistance showed only a
slight shift downward after the 25°C below zero test.

Heat-Pipe Isothermal Tests

During the on-state voltage test at 250 amps average,
both heat-pipes were checked for isothermal charac-
teristics. The measurement was taken on the downstream
side of the air flow between the fins. 1If the heat-
pipes are functioning, the maximum temperature difa
ferential across the pipe should be no more than 8 C
for the operating conditions specified. ghe average
excursion for the cathode heat-pipe was 2°C and for
the anode was 4°C. The latter, higher figure was
used in the final column of the data sheet.

Physical Dimensions

Figures 11 and 12 show the results of physical dimen-
sions of the Confirmatory Samples along with the En-
gineering Samples for statistical purposes. Dimen-
sions A, B, C and D form a distribution that appears

to be within a manufacturing control tolerance. Dimen-
sion E is the lead length and is specified over 6.00
inches. This is a non-critical dimension and is in-
cluded in the data sheet for reference only.

Temperature Cycle and Moisture Resistance

Thyristor No. F26 began the moisture resistance test on
3 March 1978, according to MIL-Std-202, Method 106.
The test was completed ten days later with little ef-
fect on the exterior appearance of the device. Tem-
perature cycling began at that point according to MIL-
td-202, Method 107C except that the low extreme was
25°C below zero. The device was subjected to five
cycles of one hour at 25°C below zero, five minutes

at room temperature, one hour at 150°C and finally,
five minutes at room temperature. Final measurements
were satisfactory including a thermal resistance mea-
surement which remained unchanged from the initial
measurement.
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(10)

(11)

(12)

Blocking Voltage Life Test

Thyristor No. F23 began Blocking Voltage Life Test

on 8 February 1978 at a case temperature of 122°% to
125°C and 800 volts peak forward and reverse voltages.
The test was interrupted twice; first to install a
permanent calibrated high voltage divider and the
second to move the test to a spare oven because of a
failure of the first oven. The test was concluded

3 March 1978. The flnal measurements at case tempera-
ture of 25°C and 125°C indicate little change in the
device characteristics.

Shock and Vibration

Thyristor No. F20 began vibration tests 15 February
1978, which consist of three 5 G sweeps from 100 to
1000 Hz in each of the X3, Y and 2 axes of the device.
This requires about 16 minutes for each sweep. MIL-
Std-750, Method 2056 was used.

This test was followed by shock testing five 500 G,
1l msec. blows in each of the X;, Y1 and Z axes ac-
cording to MIL-Std-750, Method 2016. The final
measurements again remained essentially unchanged
from the initial readings.

Constant Acceleration

This test is to be considered for information only and
is not an acceptance requirement according to paragraph
F3, Item 7 of this contract. To this end, two devices
were selected that met all Group A inspections but were
slightly marginal on the Exponential Rate of Voltage
Rise Test. These two devices, F22 and F24 were taken
to the AVCO Systems Div., 201 Lowell St., Wilmington,
MA. The thyristors were exposed to 500 Gs for one minute
in each of the devices X2, Y, and Z; axes. Accelera-
tion was imposed thru the use of a type G6A Rotary
Accelerator which has a capacity of 10 pounds maximum.
The average time to reach the required RPM was 2.8
minutes and approximately 2 minutes to return to zero
RPM. Each thyristor was mounted on an RCA fixture with
minimal torque transferred through the body of the de-
vice. The fixture was then attached to the rotary arm
of the equipment at a radius of 24 inches. The assembly
was then rotated at 857 RPM for one minute. The accel-
eration can be calculated by the following fundamental
relationship:
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a = rw2
where a = the normal component of radial acceleration,
ft./sec.?
r = the radius of mass, in ft.
W = radial velocity, Rad/sec.
857 Rev. min. 21 Rad. 2
a= (2 ft.) . . .
Min. 60 sec Rev.
a = 16108 ft/sec.?
or GForce = 16108 ft/sec.? _ 500.3 Gs

32.2 ft/sec.2

The test was repeated for each of the other two axes.
Visual inspection after the test did not reveal any
physical damage, however, electrical tests disclosed
that F22 had shorted and, therefore, failed the test.
On the other hand, F24 showed no change from its
initial electrical characteristic.

The results of this test are consistent with those of
an earlier test reported on page 54 of the Fourth
Quarterly Report of this contract. A 50% survival
rate for this stringent test seems the norm.

Reduced Barometric Pressure Test

Thyristor No. F29 was mounted in a vacuum bell jar for
the Reduced Barometric Pressure Test. After correcting
some insulation problems associated with the high-
voltage feed-through connectors, the device operated

for one minute at 15 mm of Hg with 800 peak volts for-
ward and reverse. The bell was shielded from ambient
light and no corona was visible. An oscilloscope was
used to further verify the absence of corona. The
initial and final measurements were similar. No changes
occurred to the external surfaces of the device.

Salt Atmosphere Test

The Salt Atmosphere Test was performed on thyristor
No. F20 at the RCA facility located in Camden, NJ.

The length of the test was 24 hours as per MIL-Std-750,
Method 1041.1. At the conclusion of the test, the de-
vice was washed in the manner allowed. Careful exami-
nation disclosed a minor white corrosion product on
the axially aligned studs. Additionally, a brown cor-
rosive residue appeared on the Kovar and cold rolled
steel stamped parts surrounding the wafer. The steel
part covered with the conformal coating showed no cor-
rosive products at all. These corrosive products are

45




of a minor nature and did not affect performance by
evidence of the final measurements. This thyristor was
not further cleaned and was immediately packed, as is,
for shipment.

It should be noted also that thyristor F26 was not cleaned
for cosmetic purposes after the moisture resistance test
and was also packed for shipment after final testing.

(15) Thermal Fatigue Test

Thyristor No. F29 was installed in this test equip-
ment on March 7, 1978. The test equipment is designed
to automatically turn the device off and on according
to the requirements of paragraph 4.6.2 of SCS-477. A
strip-chart temperature measuring recorder was used to
verify the temperature excursions and the number of
cycles. After 208 cycles, only the gate trigger cur-
rent showed a slight increase. All other final measure-
ments remained essentially the same.

c. Corrective Action

The corrective actions taken during the last month of the
fifth quarter and the first month of this sixth quarter has
made it possible to produce the confirmatory device samples
according to the PERT schedule. It is now felt that of all
actions taken, improvements at metallizing reduced the wafer
cracking and voltage degradation that occurred during the
initial testing of the confirmatory samples.

Control was gained over the dv/dt and gate characteristics of
the thyristor by adjusting the cathode diffusion depth and by
eliminating pin holes in the oxide layer. With these para-

‘ meters under control and by eliminating furnace cross-
contamination, yields of wafers into devices have been

markedly improved. RCA feels confident in starting the pilot
phase of the contract.
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6. Specification

There are no further modifications of the specifications of SCS- |
477. RCA feels confident that the Transcalent thyristors fabri- |
cated during the pilot run phase of the contract will meet all ~
of the requirements of the specification. |

7. Requirement for Pilot Run

With the shipment of the confirmatory samples, a request was made
to start the pilot run phase of the contract. Parts are on hand
to start the pilot run when the approval is received.

8. Total Cost for Pilot Run
Data not available until the pilot run is completed.
9. Program Review

The PERT Chart revision submitted 29 August 1977 remains in effect
showing the pilot run to start mid-April.
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CONCLUSIONS

Effort expended in the sixth contract quarter was successful in
completing the five Confirmatory Samples. Verification that the
design meets all of the specifications adds assurance that the
Pilot Run phase should also be successful. All of the problems
identified in this report responded to the corrective action
taken. RCA is thus confident of meeting the full MM&TE speci-
fication reguirements for the Pilot Run devices. The improved
wafers and packaging which was demonstrated in fabricating the
Confirmatory Samples will be continued for the Pilot Run phase
of the contract.

The program is proceeding in accordance with the revised PERT
Chart, dated 29 August 1977.
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PROGRAM FOR THE NEXT QUARTER

Issue the monthly reports, as required by DD 1423.
Prepare and issue the Preliminary Pilot Run Report.
Prepare for the Demonstration of Pilot Line production rate.

Fabricate the Pilot Run devices following government authori-
zation.
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IDENTIFICATION OF PERSONNEL

The professional and skilled technical personnel who actually
worked on the MM&TE project during the first six quarters of
the contract had varied backgrounds, as listed in the biographi-
cal resumes included in the previous Quarterly Reports. Two
additional resumes are included in this report for added per-
sonnel assigned to the project in the sixth quarter.

In addition to the major responsibilities, above, numerous sup-
porting personnel including managers, secretaries, purchasing
agents, environmental technicians, machinists, electricians, ex-
perimental tube builders, etc., have contributed to the progress
made in the first eighteen months of the contract.
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R. C. Bauder - Member, Technical Staff, Environmental Laboratory

Mr. Bauder received the B.S. in Physics from Muhlenberg College
in 1961. He then attended Franklin and Marshall College and re-
ceived M.S. in Engineering and Science from Penn State University
in 1969. Mr. Bauder joined the Special Equipment Design group
at RCA Lancaster in 1962 and worked on the design of microwave
test equipment for small and medium power tubes. From 1965 to
1968, he worked in Color Tube production. The major assign-
ments were the development of automated phosphor screening pro-
cesses and the reclamation of phosphors from waste water. Since
1968, he has worked in Environmental Engineering where his pri-
mary responsibilities have been in stress analysis and the de-
velopment of computer-aided structural design programs. He has
published several reports on the NMODES method of predicting the
dynamic behavior of structures.
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Lloyd B. Denlinger, Laboratory Technician, Developmental
Processes

Mr. Denlinger started working at RCA in 1950 as a luminescent
technician, in the manufacture of black and white kinescope
phosphors. This assignment was followed by one for the manu-
facture of the color picture tube phosphors: red, blue and
green.

In 1958 he was transferred to the Chemical and Physical Labora-
tory where he worked on Electro-Luminescent phosphors. In 1963,
there was a reassignment in the same lab after which Mr. Den-
linger worked with the chemical cleaning of metals and also
with the electroplating of various metals.

He successfully completed a correspondence course in electro-
plating from the Joseph B. Kushner electroplating school and

has had many years of experience under the direction of en-
gineers and scientific specialists in the power products finish-
ing operations. His latest assignment involves the chemical
processing of silicon wafers for Transcalent devices.
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