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ABSTRACT

This sixth quarterly technical report on the MM&TE Contract
DAAXO7-76—C-8l20 for Transcalent (Heat-Pipe cooled) SCR Thvris—
tore describes the catpleticn of deyiçe i~efina~ents for the Confixma—
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 quar ter 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-1537l. 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 adequately characterize and de1~ve~çthese 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-l5371 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-l5371 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-l537l thyristor is a 400 amperes RMS, 800 volts, forced
air cooled solid-state power control device, uti l izing 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 1250 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

.9



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-l9500 for the abbrevia-
tions and sumbols used therein except, as follows:

VGR = Reverse Gate Voltage

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 milit ary 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

a. 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.

b,c. 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. DAAKO2-69-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. 000IAB Confirmatory SamEle Phase

i. Device Fabrication

Nine more conf irmatory 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 F31.

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

13



One of the devices, F22, failed the test be-
cause its electrical characteristic~~indicated
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
l250C, F27 dv/dt was 90 v/i~s compared to aspecification of 100 v/its. Another device
which was fabricated , F30, degraded following
qycling to -2 5°C. The devices ranain in the residual
inventory of the contract.

ii. 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, I~ , is measured to control the emitterdiffusion. The reciprocal of shunt current is
a measure of the resistance of the p base. In
Figure 1 is plotted the shunt current versus the
gate trigger current for a nunber 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.
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iii. 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 1250C com—
pared to the specification limits of 60~0 n~~ The
data spread was also very smallwith the highest
leakage current being 12 mA. - - -

iv. 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 3000C. It is conc1~~ed that
the small deflection at the end of the heat-
pipe is not introducing enough stress into
the silicon chip to break it.

Durir.g 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 (1Z 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 polysilicori/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 st~ç~edonce the step was coated with the CVD tungsten.

18
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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
lif ting 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 af ter 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. In
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 quarterly 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
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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.

v. 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 capil lary 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.

vi. 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 metallizin g
was confirmed by brazing cathode and anode flanges
to the metallized ceramic and pullin g the flanges
of f 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) Standardizing of Parts and Assemblies

In preparation for pilot production, the work of in-

corporating bills of materials, parts, assemblies and

assembly processes into the RCA specification (stan-

dardizing) has been completed. In addition , a design
review meeting was held to review ~~ti a~~rOVethe speci.f~—
cation package.

‘ Attending the review meeting were representatives of
Quality Control , Purchasing, Engineering, ?.~nufacturing 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 corn-
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 .

Cc) 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.

(3) 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 .
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(4) Test Report

The test report on “Silicon Transcalent Thyristor
Confirmatory Samples , RCA Development Type J-l5371,
Tested to ECOM Spec. No. SCS-477” was completed and
submitted 23 March 1978. This completes item No.
0003AB of the contract.

d. 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.

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

(a) Ed~e Contourina 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-
t touring the engineering and confirmatory samples.
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(b) ~~~~~~~~~~~~~~~~~ Vapor ~~~~~~~~~~~~~~~~~

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
“1. “Device’~, b

,c, (l),(a), i~T, “~~a1ysis Qf ~z~ck~~
~~fers.”(c) Diffusion Process Refinement

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.

(d) ~~~~~~~~~~~~~~~~~~~ Improvements

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

(b) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

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.

d. Conclusion

The process, equipment and tooling designed , fabricated and
used to fabr ica te  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.

e. Drawings and Photographs of Tooling and Equi pment

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.

•

1
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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, c and d for both the specifica-
tion (spec.) and the actual measured values.

b. Discussion of Inspection Results

(1) 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.

(2) 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 di f fe rent dif fus ion 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. 

-

(3) Holding Currents at 250C

This Confirmatory Sample parameter plotted in the bar
graphs of Figure 9 averages about 5.5 rnAdc 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 .
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(4) 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 P00 003 or Speci-
fication SCS-477. With these more realistic conditions,
the results were above the required 100 volts per micro- -f
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 ‘GTe The
stability and the measurement of temperature become
critical if data is to be repeated with high precision .

The Turn-Off 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. In
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
poin t 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.

(5) 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 cyc]E (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 cu~stant
adjustment was required since instead of one voltage ~~1se,
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 P26 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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(6) 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 ‘ch~racteris-
tics are shown in the grapFs of Figures 7 and 8.

Thermal impedance measurements were recorded prior to
this test and then immediately af ter or af ter 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 af ter the reduced
temperature tests. Thermal resistance showed only a
slight shif t  dc~vnward after the 25C~ below zero test.

(7) 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 ~~ nstrean
side of the air flow between the fins. If the heat—
pipes are functioning , the maximum temperature dif Gferential across the pipe should be no more than 8 C
for the operating conditions specified. ~he 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.

(8) 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.

(9 )  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
250C 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-
suremerit which remained unchanged from the initial

- - - 
measurement.
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(10) Blocking Voltage Life Test

Thyristor No. P23 began Blocking Voltage Life T~st
on February 1978 at a case temperature of 122 C 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 final measurements at case tempera-
ture of 25°C and 125°C indicate little change in the
device characteristics.

(11) Shock and Vibration

Thyristor No. P20 began vibration tes~~. 15 February
1978, which consist of three 5 G sweeps from 100 to
1000 Hz in each of the X 1, Y1 and Z 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 ,
1 msec . blows in each of the X1, Y]. and Z axes ac-
cording to MIL—Std-750, Method 2016. The final
measurements again remained essentially unchanged
from the initial readings .

( 12) Constant Acceleration

This test is to be considered for information only and
is not an acceptance requirement according to paragraph
£3 , 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 P24 were taken
to the AVCO Systems Div.,  201 Lowell St . ,  Wilmington ,
MA. The thyristors were ecposed to 500 Gs for one minute
in each of the devices X2 , Y 2 and Zj 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
minima l 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-

F eration can be calculated by the following fundamental
relationship:

F 
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a = rW2
where a = the normal component of radial acceleration ,

ft./sec. 2
r = the radius of mass, in ft.
W = radial velocity , Rad/sec.

857 Rev . m m .  2it Rad . 2
a =  (2 f t . )  

- 
-

M m .  60 sec. Rev.

a = 16108 ft/sec.2

or GForce = 16108 ft/sec.
2 

= 500.3 Ga
32.2 ft/sec.2

The test was repeated for each of the other two axes.
Vi sual inspection after the test did not reveal any
physical damage , however , electrical tests disclosed
that £22 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.

(13) 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
f or one minute at 15 nun of Hg with 800 peak volts for-
ward and reverse. The bell was shielded fran 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 .

( 14) Salt Atmosphere Test

The Salt Atmosphere Test was performed on thyristor
No. F20 at the RCA facil i ty located in Camden , NJ.
The length of the test was 24 hours as per MIL—Std—75 0,
Method 1041.1. At the conclusion of the test , the do—
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

-.
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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 £26 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. P29 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
f i f th 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 approva l 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 thc 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 b~4&TE speci-fication requirements 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

1. Issue the monthly reports, as required by DD 1423.

2. Prepare and issue the Preliminary Pilot Run Report.

3. Prepare for the Demonstration of Pilot Line production rate.

4. 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. lie 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-Lu~ninescent 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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D I S T R I B U TI ON OUTSIDE OF RCA-SSD

Dr. Paul E. (re~~~ CCltlflafldlflg Officer
Dir. Solid State Lab. U.S. ArITrf Research Office
Hewlett Packard Co. P.O. Box 12211
1501 Page Mill kjad MTI’N: Dr. Chas. Bogbosian
Palo Alto, CA 94304 Research Triangle Park , ~C 27709

Mr. Gerald B. Herzog Naval Research Laboratory
Staff Vice President M’rN: Dr. David F. Barbe,
Techrx)lOgy Centers Code 5260

4555 Overlook Avenue, SW
David Sarr~ff Res. Ctr. Washington, DC 20375
Princeton, NJ 08540

Naval Electronics Lab Center
Dr. George E. ~flith MTfl~I: Mr. Charles E. lblland, Jr.
Bell Telepkx~ne Labs, Inc. Code 4300
MJS Device Dept. 271 Catalina Blvd .
600 t~tuntain Ave. San Diego, CA 92152
Wan 2A323
t.tirray Mill, NJ 07974 The Johns lbpkins Univ.

Applied Physics Laboratory
Cam~arx~er MTn~: Dr. Charles Fel&nan
U.S. Army Electronics Caanand 11100 Johns I-bpkins ~~~?,TTN: D~~~r-TL-l laurel , MD 20810
Mr. F~±ert A. GerIxld
FOrt t.brm~uth, NJ 07703

Naval Surface Weapons Center
Caiinar~ier ATI~: Mr. Albert D. Krall,Harry Di~ Tcr~ Labs. Code WR-43
2800 P~~~er Mill i~1. ~ ite OakM’IN : DR )O-i~X , Silver Spring, MD 20910
Mr. Antbony J. Babe
Adelphi, MD 20783

RADC
Qxurnarxling Officer M’ft~: Mr. Joseph B. Brauer, RB~4Picatinny Arsenal Griffiss AFB, NY 13441
ATl~I: SP.RPA-ND-D-A-4

Mr. Arthur H. Herxfrickson
Bldg. 95 Geo. C. Marshall Space Flight Center
[~ver, NJ 07801 ATIN: Dr. Alvis M. l olladay, Code ~E-4lMarshall Space Flight Center, AL 35812
~~~~ nding General
U.S. Army Missile Oi~inand
ATl~J: Mr. Victor Rii~~, Langley Research Center

D1~~~4I-~~~~~ Langley Station
Redstone Arsenal, AL 35809 7iTl~ : Mr. Charles Husson, M/S 470

Hançton, VA 23665
C~~~~~er
U.S. Army Electronics (Yi~mand Dir. National Security Agency
ATft ~: Di~EIrTL BS M’I~~: Mr. John C. Davis, R55
Mr. George W. Taylor FOrt George C. Meade, MD 20755
FOrt t.bnwxith, NJ 07703
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Carinander Mr. Daniel Becker
U.S. Army Production Reliability & Qual. Test Center

~juipnant Agency Mannes Spacecraft Center
M’I!J: N~CPE-Mr Houston, TX 77058

(Mr. C. E. tt~Burney)
Hock Island, IL 61201 Texas Instruments, Inc.

Library M.S. 20
Mr. Jack S. Kilby P.O. Box 5012
5924 k)yal Lane Dallas, TX 75222
Suite 150
Dallas, TX 75230 Dr. S. Bakalar

Pransitron Electronic Corp.
Dr. Barry rimbridge 168 Albion Street
~~q Systa~ Group Wakefield, I~ 01880
One Space Park
Redondo Beach, CA 90278 Mr. R. Riel

Westingbouse Electric Corp.
Mr. Harold D. 1lOanbs R&D Center
Texas Instriinants, Inc. Pittsborgh, PA 15235
P.O. Box 5474; 14/S 72
Dallas, TX 75222

Camiarx~er, AFAL
ATTN: AFAI4/t*~i
Mr. Stanley E. Wagner Solitxon Devices
Wright Patterson AFB, 256 Oak Thee Hoed
ai 45433 Tappan, NY 10983

Linooln Laboratory, ~~T Dr. L. Suelzle
AT1W: Dr. Ek~nald J. Eckl Delta Electronics Corp.
P.O. Box 73 2801 5. E. Main Street - 

-

Lexington, W~ 02173 Irvine, CA 92714

RADC (E’rSD) Bell Laboratories
ATTN: Mr. Sven Hoosild ATTN : Mr. 1’~. H. Hamilton
Hansain AFB, ?.~~ 01731 Whippany Road

Whippany , NJ 079 81
General Electric CaTpany Ccmnander
S~ni-Conductor Products Dept. Naval Ships Res. & Dev. Center
Building 7, Box 42 ATrN: W. Kohl (Bldg. 100-3)
Syracuse, NY 13201 Annapolis, MD 21402

Micro-Electronics Laboratory PcMer Syst~~~ Division
Hughes Aircraft Ca~ any ATft~: Mr. Kenneth Lipnan500 Superior Avenue Box 109
Newport Beach, CA 92663 South Windsor, cr 06074

Silioon Transistor Corp. Martin Marietta
MTN: Mr. P. Fitzgerald MTIN: Mr. E. E. Buchanan
Katrina Hoed P.O. Box 179
Chelinsford, r.~ 01824 Denver, C) 80201
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J. J. Henry Co., Inc. Special Proj. Defense Electronics Supply Ctr.
Atth: Mr. Mike Saboe - NSRDC Stody Directorate of ~~gineering2341 Jefferson Davis Highway and Standardization
Arlington, VA 22202 DESC-EXS (Mr. N. Hauck)

1507 Wilmington Pike
Fermi National Accelerator Lab, Dayton, (~ 45401
ATfl’~: Mr. Frank S. Cilyo
P.O. Box 500 General Instrt~~nt Corp.Batavia, IL 60510 Seni—Conductor Prod. Group

ATI~: Mr. G. CohenHughes Aircraft Catpany 600 W. John Street
Ground Syst~ na Group Hicksville, LI, NY 11802
AT1Th Dr. Kal Sekbon

~il1erton, CA 92634 Harry Diauond Laboratories
ATl~: Technical LibraryCarinander Connecticut Avenue and

Navy Weapons Center Van Ness Street
M’l~ : Mr. S. S. Lafon Washington, DC 20438
China Lake, CA 93555

Jet Propulsion Laboratory
caanarxier (2) 14T1’N: Mr. L. Wright
U.S. Army Electronics Camiand Mail Stop 158—205
M’l~4: DI~ E[,-PP-I-PI 4800 Oak Grove Drive

Mr. William R. Peltz Pasadena, CA 71103
Fort 1’bmouth, NJ 07703

~~SACannander (2) Lewis Research Center
U. S. Army ?“bbility ~k~ui~inant ATI’N: Mr. Gail Sundberg ()~~54-4)
Research and Develognant Ctr. 2100 Brook Park Hoad
MTI~J: STSFB-EA Cleveland, C*~ 44135Dr. Itiss Eaton
Fort Belvoir, VA 22060 ~~~~~~~~~~~~~~~ Lab.

Advisory Group on Electron Day. (2) (Mr. Philip Herron)
ATITh ~&rkirig Group on Pwr. Devices Wright Patterson AFB C~1~ 45433201 Varick Street
New York, NY 10014 Ca~inanderNaval Air Developnsnt Center
Mr. ~~~~~ ‘ Wade A1’I’N: Mr. }~~azd Ireland (3043)ATI’N: ~~~ C-0l5l43l Mr. Joseph Segrest
Naval Electronic Sys. Catinand Warminster, PA 18974
Washington, DC 20360

Cainander
LIr. Hobert ~~ icker ~~VS~~ Code 420 CFRBGMass. Inst. of Technology (MIT) M ’IN: Mr. Arnold D. Bitt, Jr.
Building 13—3050 801 Center Building
C~thridge, Ma 02139 Hyattsville, MD 20782
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Delco Electronics Garrett Air Research
ATI’N: Dr. A. Barrett ATI’N: Mr. Everett Geis
Mail Code 8106 2525 West 190 Street
676 Hollister Avenue ~Horrance, CA 90509
Goleta, CA 93017

Airesearch Manufacturing Co.
NASA M’IN : Mr. John AsIi~ore
Johnson Space Center Electronic Systaus
ATI’N: Mr. E. ~*~od, Code ~X2 2525 W. 190th Street
Houston, TX 77058 ~~rrance, CA 90509

Garrett Air Research Mfg. Co. Naval Underwater Systans Center
of Arizona ATfl~: Mr. George Anderson/Code 3642
Afl’N: Mr. R. N. !k~Ginley Newport , RI 02840
P.O. Box 5217
402 S. 36th Street Dx . Roy Scott Hick~nanPl~ enix, AZ 85010 Chairman, Dept. of Mech.

and Envi,~on. Engrg.Lockheed California Co. University oe California
AT1’N: Mr. W. W. Clo~x1 Santa Barbara, C~ 93106
DepartnEnt 75—82
Bldg. 63/3, Box 551
Plant A-l
Burbank, CA 91520

Sanders As~ociates
ATI’N: Mr. A. Hurley

— 6247
95 Canal Street
Nashua, NH 03061

Defense Doctz~~ntation Center (12)
ATl~: DDC-I1~
5010 IX~ke StreetCaireron Station (Bldg. 5)
Alexandria, VA 22314

NASA
Scientific & Tech. Inf. Off./KSI

Washington, DC 20541

Cam~ander
U.S. An~’ Electronics Cannand
Camunications Systans
Procurenent Branch
Fort t’k~~iL~Uth, NJ 07703
ATIN: Capt. H. John Patch/POD

- - 
DI~EL-PP-C-~S-1

T~~, Inc.Defense & Space Systa~ Group
7 M’I’N: Mr. Art Sc~x enfe1d

One Space Park
Redondo Beach, CA 90278
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DISTRIBUTION WITHIN RCA-SSD

Dr. R. E. Sinon H. F. rabegern

055—191 068—682

C. W. Bizal L brary
057—631 686

W. S. Lynch R. M. B~~~s

057—631 057—631

E. D. Fleckenstein J. G. KifldlXXD/W. P~~)1er

053—460 003—953

N. R. Hangen (2) P. Ha.~vest
073—637 087 963

S. W. Kessler J. V. Platt
086—963 Saierville

D. R. Trout C. Turner

086—963 Sanerville

W. T. Burkins K. C. Harding

086—963 Arlington

C. V. Reddig E. Sclinitt

086—963 Sanarville

A. J. Witk~~ski 
B. L

086—96~ 
086—963

R. M. Hopkins
086—963

R. E. Reed (10)
086— 963

R. Glick~nan - Sanerville

E. D. Savoye
073—632

T. Ed~~rds/F. Wallace
089—980

J. Grceh/R. Bauder
080—923

C. J. Buchko/R. Beau

L 003—953

R. F. Keller
086—963
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