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ABSTRACT

i
This report describes in detail the more important steps in the

i refinement of the design of the Transcalent rectifier; assembly
and process procedures; test circuits and test results; con-
figuration management procedure, and drawing package. i~•ach ofthese topics is discussed thoroughly, particularly, as it appliesI to the fabrication and testing of the five Engineering Sample
Devices which have been shipped to the go~-~rnment ahead of sche-dule in fulfillment of this phase.
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I. Introduction 

-

This report is the Interim Technical Report describing the
work performed by RCA , Lancaster , PA , during the engineer-
ing phase of the contract covering the period of 30 June, 1978
through 30 December , 1978. Work was performed in accordance
with the DRDME-EA Purchase Description , dated 16 November ,
1977, to the MERADCOM Semiconductor Device , Silicon Trans—
calent Rectifier Specification , dated 6 June 1978, as at-
tached to the contract. The scope of the contract covers
the manufacturing methods and technology (MM&T) tasks for
fabricating a semiconductor device , silicon Transcalent rec-
tifier , RCA type Jl540l and the subsequent pilot production
of the device.

Although this report covers the initial six months of the
program , the 24 months duration program will establish the
production engineering techniques and verify a pilot produc-
tion capability for the Jl5401 si1icc~i Transcalenr rectifier
conforming to Fig. 1 of the 6 June 1978 specification .
Electrical , mechanical , therm~’i , ai~d environmental inspec—tions are a part of this rer~rt per DD 1423 of the contract.

II. Device

A. Descri~ tiofl of the Structure

The Transcalent rectifier type J15401 is designed to
make maximum use of the integral heat-pipe thermal
package1developed previously for the Transcalent rec-

f tifier. A cross-section of the device is shown in
Fig . 1 with a heat-pipe attached to each side of the
silicor chip. In operation , current is conducted to
and from the silicon chip by the low inductance ,
high conductivity copper heat_pipes.

a The studs at
the ends of the heat—pipes are for fastening the
high current leads to the device. The gate and
auxiliary cathode leads are for attachment of the
control signal to the rectifier ,

A ceramic insulator and metal envelope is constructed be—
tween the two heat-pipes. This envelope is the main
structural member joining the two heat-pipes and prevents f
stress being transmitted to the weaker silicon chip. The

envelope also contains an inert dry nitrogen atmosphere
around the contoured edge of the silicon chip across which
the high blocking voltages of the thyristor are developed .

LKessler , S. W., “Development of a 250 Ampere Transcalent Rec-
tifier ” , Final Technical Report, June 1970, Contract DAAKO2-

69—C—0609.

a0•~~ Paten t 3 , 605 , 074 , “Electrical  Connector Assembly Having
Cooling Capabil i ty ” , Freggens , R. A. and Harbaugh , W. E.
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I
( Heat which is generated in the silicon chip during

operation is conducted into the heat—pipes through the
molybdenum disc closing the end of the heat-pipe ad—
jacent to the silicon . The thickness of the molybdenum
disc iS optimized to have a minimum temperature rise in
the silicon wafer during a single cycle of surge cur-
rent by balancing the absorption and transfer of the
heat.b

Next , the heat is transferred into the porous copper
wick adjacent to the molybdenum disc. The pores of the
wick are filled - with water which , when evaporated , trans-
fers heat to all parts of the heat-pipe by its latent
heat of vaporization . Since the heat-pipe is an evacua-
ted vessel , evaporation occurs at all temperatures, (in-
cluding below freezing by sublimation ) and the ‘?apor
pressure can be interpolated from the vapor pressure
curves of water. When the vapor condenses at the coolest
point in the heat-pipe , the vapor gives up its latent
heat of vaporization. The cr~n

l € nsation heat is con-
ducted through the wall o~ the heat-pipe to the fins
and dissipated to the ai~ by the cooling fins. Since
the vapor condenses at the coolest point , the heat-pipe
is essentially isothermal with equal amounts of heat
being dissipated with equal efficiency by all of the
f i n s .  The condensate is returned to the evaporator by
the capillary forces of the pores of the wick.

This double-sided heat—pipe cooled rectifier is in-
herently ruqged and has unique advantages. Applic~-
tions experience with Transcalent devices has demon-
strated their superiority over “hockey—puck” or “stud-
mounted ” devices , namely :

1. There are no mechanical clamps fastening the
device to the heat sink. Industrial experience
indicates that the clamping force relaxes

t through creep of copper and aluminum during the
life of the “hockey-puck” rectifier. Inade-
quate cooling and lossy electrical contacts may

J result.

I
bKessler S. W., Li. S. Patent 3,984,861 , “Transcalent Sem~iconductor
Device , etc.”

13
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2. Heat is extracted from both sides of the silicon
with a minimum of material adjacent to the sili-
con. This arrangement produces a low-temperature
gradient between the junction (which is limited
in an SCR by the silicon characteristics to a
maximum temperature of 125°C) and the ultimate
heat sink.

3. The thickness and the thermal properties of ma-
terials adjacent to the silicon are optimized to
absorb the transient surges of power that must be
dissipated from the silicon if blocking and con-
trol characteristics are to be maintained .

4. In operation the heat-pipes are very tolerant to
changes in power level because of their abilicy
to respond quickly by evaporating an additional
amount of working fluid. They exhibit a decreasing
thermal resistance as the power level increases.

5. The assembly has a high resistance to fatigue
failure because the ma erials adjacent to the sili—
con and bonded to it either match the thermal ex-
pansion of the silicon or are designed to yield
elastically. By comparison , the rubbing surfaces
of ~ clamped device are subject to fretting and
scoring. 3’4 As fretting debris accumulates be-
tween the clamped surfaces , the contact resistance
between adjacent materials increases and alters
their electrical and therma l impedances.

6. Operation at higher ambient temperature is pos-
sible without current derating .

7. Transcalent devices are of smaller size and lighter
weight because of the greatly reduced temperature
gradient between the junction and the fins. Also ,
all of the fins are equally effective in dissipat-
ing heat because the heat-pipe is isothermal along
its ~ntire length. I : ,

3comyn , R . H .  and F u l a n i , C .W. , “ F re t t i ng  Corrosion ” , a l i t e r a —
ture survey, TRll69 , Harry Diamond Labs, Army Materiel Command
Washington , DC, 30 December , 1963. j
4comstock , W .R. and Locher , R.E., “High Current Diode and SCR
Reliability Considerations ” , IEEE Power Electronics Specialist
Conf. 1975, pp 224—233.

14 1
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I
III. Process and Fabrication Improvements

All five engineering units plus three special rectifiers
were fabricated utilizing as much as possible the recom-
mendations given in RCA proposal DP-8135, and the outline
of this report.

A. Silicon Wafer Process Improvement

Investigations were started in three areas of silicon
wafer process iMprovement.

1. Initial Cleaning Investigation

One half of a lot of rectifier wafers , #ER— l, was
processed eliminating the initial scrubbing and
ultra-sonic cleaning steps. The other half of
the lot was prepared following the standard pro-
cedures. All of the scrubbed wafers had blocking
voltages greater than 1000 V and average leakage
currents of 40 iia.

Only five out of nine of the unscrubbed wafers had
similar characteristics. The four unacceptable
wafers were soft, having leakage currents greater
thdrl 1 mA. In the voltage range of 1/2 V to 140 V,
therefore , elimination of scrubbing is not advisable.

2. Dopant Deposition

ç Lot #E~-2 was ion implanted with a boron Ndose( 6 x 10 at 200 Rev on one side and a phosphorus
Ndose = 6.5 x i~ l5 at 180 Key on the other side .
One of these wafers and a standard doping process
wafer were profiled by successively etching away
the silicon down to the junction and checking the
resistivity at each step. The profiles are shown
in Figs. 2, 3, 4, and 5.

There w- .s no detectable difference in electrical
performance of the ion implanted vs. the standard
process rectifiers. The ion implantation eliminated
five of the nine process steps and substituted the
two implants. However , a hot source implanter
would be required to implant economically, since F
the time for implanting the boron was 20 mm .!
wafer using the implanter available.

The contractor will not be buying a hot source im-
planter at this time , however , the investigation of
the constructed units with ion implanted wafers
will continue .

- 
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Fig. 2 - Ion Implant
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Fig. 3 Ion Implant
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Fig. 4 Standard Doping Boron 
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3. Starting Silicon Material

Three lots of rec t i f ie rs  were processed using
wafers that were merely sawed and etched , with
no lapping or polishing. Lot #ER-4 used 6.5 mil
wafers with standard doping procedures and re-
duced diffusion time.

Lot #ER- 5 used 6.5 mu wafers with ion implan-
tation and reduced diffusion time .

Lot #ER—6 used 10.5 mu (standard thicknesses) with
standard- doping procedures.

B. Silicon Wafer Metallizing, Contouring and Electrical
Testing

The diffused silicon wafer (one chip per wafer) was
delivered to the metallizing operaU on following the
polysilicon densification . The purpose of the follow-
ing sequences was to prepar - the wafer for bonding to
the heat-pipes as well as ~o increase the high voltageblocking capabilities of the exposed edge of the chip.

The materials and processes developed for this Se- (
quenca or operations on the silicon are listed in
the following paragraphs. Refinements incorporated
du ring the engineering phase of the MM&T program are

~;o d iscussed . Refe r  to the Flow [)iaqram of Fig. 6.

C. P a l l a d i um Ev a p o r a t i o n

The wafers  were cleaned and a th in  layer of palladium
was evaporated in a vacuum environment onto both sides
of the w a f e r .  Pal ladium forms a low resistance ohmic
contact to the silicon and a strongly adherent palla-
dium silicide when it is diffused into the silicon
during the following operation .

D. CVD Tungsten Metallizing

The next layer to be deposited onto the entire wafer I ~was a thin layer of chemically vapor deposited tungsten .
Tungsten strengthens the silicon wafer and acts as a
base fo r the subsequent deposition of the solder al loy
m a t e r i a l s .  Tungs ten ’s therma l conduct iv i ty  is excellent
and i t s  therma l expansion more near ly  matches that  of
the si l i c o n  than any other s t r uc tu r a l  ma te r i a l .

20
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FLOW DIAGRAM FOR THE Jl 540l RECTIFIER WAFER

I METALLIZING , CONTOURING & TESTING

Diffused silicon wafer

I I
Clean and evaporate palladium onto both sides

I
Chemical vapor deposit tungsten onto both sides

Nickel strike and nic ’zel plate wafer

I Contour edge of silicon to produce chip

I
I Solder dip chip

I I
Etch contoured edge of chip

I I —

Electrical (demountable) test of chip

I I
Deliver to Rectifier Assembly Operation

Figure 6
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I
The tungsten is deposited by reducing gaseous tungsten
hexafluoride with hydrogen gas at high temperature in
a partial vacuum pressure. The deposition time is
several minutes with the pressure varied cyclically
to help assure a uniform deposition thickness.

E. Nickel Electroplating

The wafers were electro-nickel struck and plated on
both sides to an adequate thickness for soldering .
Standard nickel strike and nickel plating chemical
solutions were used and a holding fixture was employed
to make simultaneous contact to a multiple number of
wafers. The number of silicon wafers plated with
nickel can be easily increased for the MM&T pilot run
by the paralleling of a greater number of wafers in
this plating circuit.

The metallizing of the diffused Silicon wafers consists
of three layers (palladium , tunqsten and nickel) of
metals for a grading of th’ physical properties be-
tween the silicon and the heat-pipes. Refer to Fig . 7
for a cross—section drawing of the metallized wafer.

F. Contouring to Produce the Chip

The silicon chip was cut from the metallized wafer by
using a finely divided aluminum oxide abrasive pro-
pelled by high pressure air. The abrasive was di-
rected against the wafer which was waxed to a holding
mandrel while being rotated at high velocity. The
precision nozzle which directs the abrasive was posi-
tioned so that both the diameter of the chip and the
positive contour angle were cut as the abrasive bore 

•

through the thickness of the wafer. See Fig. 7.

G. Solder Dipping

The chip was removed from the mandrel , cleaned carefully
in a solvent so as not to damage the fragile contoured
edge, fluxed with a suitable flux solution and then dip- ‘

Ped into a molten solder pot at 400°C. The composition
of the solder was the ductile solder alloy selected
during the R&D program for reliability under thermal 

I :1
fatigue conditions. This sudden thermal shock to the
wafer also tests the adherence and the integrity of the
metallizing.

‘
I
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Each chip was held and stored in a cabinet by clamping
at the center in a cross-iocking tweezer. This tweezer
was used throughout the entire masking and etching
operations. Careful  handl ing was required because the
high voltage blocking junction of the chip would be
severely degraded if the fragile contoured edge should
be accidentally bumped or chipped .

H. Chemical Etching of the Junction

Prior to inserting the chip into the chemical etchants ,
which are used to etch the exposed silicon junction ,
each chip was hand painted with wax . This is the only
successful method , to date , for protecting the metal-
l i z i ng  f rom a t tack by the chemicals used . When the *

solvents in the wax are evaporated , the chip can then
be etched .

The chips were etched on the contoi” ed edge by two ,
separate , brief dips into a simmering solution of
hydroxide. After rinsing , the m~tallized surfaces of
the chips were coated with wax and etched in a solu-
t ion for  a short time period .

I .  E l e c t r i c a l Qu a l i t y  T e s t i n g  of the Chip

A f t e r  e tch ing , the protec t ive wax was removed f rom the
chip with solvents to enable the electrica l quality
testing of the wafer to be performed . A chip that
f a i l s  this  electrical test was reprocessed through the
wax masking operation and re-etched .

A demountable , insulated f i x tu re was used to contact
both sides of each chip. The electrical testing con-
sists of a measurement of the reverse blocking capabi-
l i ty  by us ing a type 575 Transis tor  Curve Tracer.  Chips
which exhibi t  a very low value of reverse leakage current
at 800 volts peak were candidates for soldering between
the heat-pipes.

J. Hea t—Pipe  Assembly

The heat-pipe assemblies include the ceramic
insulator assembly as well as the weld ring parts for
the f i n a l  closure of the rect i f ier  envelope . Exhaust
tubula t ions  are included to f ac i l i t a t e  the exhaust pro- -

‘

cessing and the b a c k — f i l l i n g  of the three operating
chambers of the completely assembled Transcalent de- 

*

vice. Refer to Fig. 11 for a flow diagram of the
various heat—pipe assembly and processing steps.
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1 1. Heat-Pipe Design Features

The proposed heat -pipe design for the J 1540l Trans-

I calen t r ec t i f i e r  incorporates all of the desi gn
changes which RCA has developed and which have
enhanced the operat ing charac te r i s t ics  and lowered
the fabr ica t ion  costs since the completion of the

I R&D Contract No. DAA K O2—69 -- C--0609.  Small d iameter
f i n s  of the Wolverine tubing var ie ty  were utilized
to min imize  size and weight .

I The discussion which fol lows w i l l  ou t l i ne  the
method of f ab r i ca t ion  while  discussing the reason-

I ing which has led to t.he desi gn re f inements .

Wol verine tubing is fabr icated from a phos~ horous
deoxidized copper and is not commercially avai lable

I in OFHC copper. OFHC copper cali be successfully
brazed in thin sections in a hydrogen atmosphere .
However , if a th in  section of the Wolverine tubing

I was brazed to the mol ’~’bdenum disc , the phosphorus
would lower the melt Lng point of the gold-copper
braz ing  al loy and holes would be dissolved in the
th in  wall  of the tubing . This b raz ing  problem did

I not occur dur ing  the R&D contract because the molyb-
denum disc had not yet been utilized to improve
other heat—pipe char acterist ics.

I Thus , the heat—pipe outer wall was made in two
parts. One section of the heat-pipe wall was
fabr ica ted  from Wolver ine  Tube Divis ion , U n i v e r s a l

I Oil products  Company, T r u f i n  t ub ing .  This  tub ing
has f i n s  that are an integral part of the copper
tubing wall and , therefore , have an excellent

I thermal e f f i c i e n c y  (greater  than 9 5 % ) .  The dimen-
sions of the fins will conform to those in the
drawing of Fig. 1.

1 2. Pre—Fabricated Heat—Pipes

The two heat-pipes to be used for the double-sided
cooling of the rectifier chip have been further re-
fined since the R&D contract by the addition of a

I 
thin mo l ybdenum diaphram or disc brazed into one
end of each heat-pipe . Refer to Fig. 8. The thick-
ness of the disc is opt imized  for  low thermal resis-
tance as well as for the heat-sinking of high cur-

I rent  surges wi thout  b u r n — o u t .  Besides this advantage ,
the use of the molybdenum disc produces a pre-
fabr ica ted  heat-pipe assembly having the fo l lowing

I advantages over the R&D method of constructing the
heat-pipe with an open end to be soldered to the
silicon chip. The heat—pipes fabricated during

1
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I
I the R&D Contract DAAKO2-69-C—0609 were her-

metically sealed only by a solder fillet between
the silicon chip and the ends of the heat—pipes.

I In the pre-fabricated design , the joint of the
heat—pipe to the metallized silicon will no
longer be the fragile joint of the solder fillet

I between the heat—pipe and the silicon . This
fillet frequently developed a leak during opera-
tion of the experimental devices.

I The molybdenum sealed heat—pipe was vacuum leak
checked prior to assembling it to the silicon

I 
chip. This copper-to-molybdenum brazed joint is
very strong , thus , the sealed end of the heat-
pipe will not be likely to develop a leak which
would ruin the device during operation . By trans-

I ferring the leak checking to an earlier stage of
assembly, the value of the pa~~ s which must be
scrapped will be greatly reduced if an occasional

i leak occurs. Batch or continuous furnace pre—
brazing of the pre-f;~.uricated heat-pipe sub-assemblies will also be possible.

It has been demonstrated experimentally and under 
*

Contract DAABO7-76—C—8l20 that an assembly using
the molybdenum disc is very reliable and the heat-
pipe is almost immune to thermal fatigue. A J15372
Transcalent thyristor of this design , but with much
larger fins , has successfully passed 70,000 “on—off”
cycles of 10 minutes “on ” and 10 minutes “off” a t

1 the full rated current (400 A RMS) . The accumulated
• “on time” for this device was 11,667 hours of opera-

tion without degrading of the thermal or electrical

I characteristics.

K. Lapping the Molybdenum Disc

I The end of the heat-pipe containing the molybdenum disc
is lapped flat after the sintering and brazing opera-
t ions .  Al though  the disc is i n i t i a l l y  f l a t , the d i f-
ferential expansion of the materials causes the disc
to become convex after the various temperature cycles
necessary to completely fabricate and wick the heat-

I pipe subassembly . To restore the f latness of the molyb-
denum disc , the heat-pipe was previously hand lapped on
a flat plate. - Jr
The lapping problem was resolved through the purchase
of a planetary gear lapping machine. The equipment has

1 automatic lapping compound dispensing equipment , var iable

1 speed drive for slow start-up , and a speed adjusting
control. Lapping procedures were reduced to simple

I
i 
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load and unload operations. In addition , the lapping
process does not require operator monitoring , thus,
freeing the operator for other duties. Lapping qua-
lity has been improved as the process produces flatter
molybdenum discs than the previous method .

Special gear shaped lappir.g carriers were designed to
fit the machine. The design must ensure that the work
traverses and touches all the boundaries of the lap-
ping plate to prevent uneven wear of the plate. Five
carriers were utilized on the equipment at one time
each holding four heat-pipes. Since the lapping cycle
lasted two hours, the production rate was ten lapped
units per hour.

The lapping machine has been installt d in a proth.ction
area which is clean and presents a proper environment
for good lapping procedures. The lapping machine with
five carriers can be seen in Fig. Q . One carrier is
loaded with anode heat-pipe assemblies.

L. High Strength Wick

The next operation in the fabrication of the heat-
pipes was the casting and sintering of the powder wick
for the capillary return of the working fluid. It was
desir~hle that the wick be sintered without any alloy-
ing. Metals which alloy or are sometimes added to aid
sintering lower the thermal conductivity of the wick.
Tapered stainless steel mandrels were used to form
the inside contour of the wick while the outside dimen-
sions of the wick were those of the inside diameter at
the he-it -p i pe. The wick sintered i tself  to the ins ide
wall of the heat-pipe and also sintered to the nickel
and copper platings on the molybdenum disc. The same
operation sintered the powder particles together to
form a high strength , continuous , porous lining . This
process formed an excellent thermal bond.

The Transcalent rectifiers fabricated during the R&D
contract used a solder plated wick powder which was
sintered in place after the heat-pipe was soldered ‘ -,

to the silicon chip. A relatively low strength ,
porous wick resulted . In operation , the high forward
current had to be conducted by this solder plated wick
from the wall of the heat-pipe to the center of the
silicon chip because only a small cross-section of the
heat—pipe was joined to the silicon. This design
forced a high current density at the points of contact
between the particles of the wick and caused the wick ,
in time , to disintegrate. The disintegration increased
the forward voltage drop across the rectifier . This
high forward drop could lead to excess junction tern-
perature or to a premature fatigue failure.

28

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~

_
~~~~

-
~~~~~~~~_ J  — —  —

~~~~



I
I

I

I
I -

I -

J~~~~__ I .~~~~~~~~~~~~~~~~ •~(r• _ - _ t ~~~~
- 

•

. -~~~

- -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~—~~~ •~•~~~~ •~ - -1~., ~l. •

~~~~~~~~~~~~ ~~~~~~~ ~ *

I
Fi g. 9 Lapp ing Machine

1.
I
I

• 

-

I
29

I



1~~ W ~~~~~~~~~

I
In the MM&T devices, with the heat-pipe closed with
the molybdenum disc , the high current is conducted
to the center of the silicon wafer by the high con-
ductivity molybdenum disc adjacent to the silicon
on both sides.

A high temperature braze was used to join the molyb-
denum disc into the end of the copper heat-pipe .
This high temperature braze then enabled the de-
signer to select intermediate temperatures for the
following operations. For example , the wick is now
sintered at a moderately high temperature that will
allow RCA to use pure copper powder for the high
strength wick material. Pure copper also has a
greater thermal and electrical conductivity than the
solder plated or alloy wick previously used and sin-
tered at lower temperatures.

Other advantages are that pure copr~r is less costly,results in a lower thermal impedance , and the thermal
conductivity of the copper does jiOt degrade with time.
It is compatible with the ~iorking fluid (high purity
water) to be used in the wick. A wick sintered at
intermediate to high temperature will not only be
mechanically stronger , but also it will be more capable -

of withstanding the frozen starts required by the MM&T
specification.

The material which will be the greatest contributor to
the thermal impedance of the Jl540l rectifier will be
this wick structure. The thermal properties of the wick
are dependent upon its density , thus , wicks of greater
densities will have greater thermal conductivities .
Wick material was sintered into a rod shape and used
as a test specimen to measure density and thermal con-
ductivity . The thermal conductivity was 21% of pure

• copper and the density was 65% of copper.

RCA intends to make experimental wicks by pressing the
pre-sintered copper powder in the evaporator. Tooling
has been fabricated to press the wick. This design
eliminates the webs presently utilized in the evapo-
rator area. A wick of greater density will be measured
and compared with the thermal impedance of devices built
by the present method . It is hoped to gain a simpler
structure and a better thermal impedance by the proce-
dure described above.

• c i
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M. Other Transcalent Envelope Parts

After sintering the wick , the ceramic to metal seal
assembly was brazed to the emitter heat—pipe and a
flange was brazed to the collector heat—pipe . The
final braze made on the heat-pipes was performed to
close the outer end of each heat-pipe with a cap
that was internally threaded for the 3/8 inch stud
connection . The exhaust tube was brazed into the
cap prior to this assembly. Each heat-pipe assembly
was helium leak checked and pinched off while under
vacuum on the leak detector to prevent any foreign
matter from entering the heat-pipes accidentally.
The pinch—offs were reopened after final assembly
for the exhaust processing and back-filling opera-
tions.

1. Stud

Salt spray tests revealed that several of the
materials used in p1~~ ing the studs were inade-
quate. Zinc plating resulted in too many white
corrosion products after the salt spray test, while
nickel plating resulted in excessive rust. The
final solution to the problem was solved by using
cadmium plating followed by a yellow chromate
coating . It was concluded that the latter com-
bination was highly tolerant of the salt spray
test, since the studs looked identical before and
after this test.

2. Parts Machining Refinements

Several key parts used in Transcalent subassemblies
were too costly and had quality problems associated
with them. The strain isolation rings suffered
from a variable wall thickness when machined via
normal lathe procedures. However, automatic screw
machine procedures , in which both inside and out-
side diameters were formed at the same time, re—
solved this problem. Quality and cost improvements I i  

-

were also noted on the Wolverine finned tubing and
the end caps.

3. Low Temperature Environment Solution

Fig.  10 shows the cathode heat-pipe with a con-
voluted strain isolation ring . This convolution
provides a safety factor in the event axial stresses
are imposed on the wafer at low temperatures. Ex-
periments have revealed that differential expansion
between the outside case and the center column of
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I
the device could place the wafer in tension at
low temperatures of -250C or below. The convo-
lution provides a weak member which will flex
under tension and protect the wafer. Since there
were no failures in the low temperature tests re-
quired on the program , (see Environmental Testing)
the concept was proven adequate for -25°C environ-
ments.

N. Rectifier Assembly and Processing

The pre-fabricated heat-pipes, a pre-tested silicon
chip , and a weld ring are now ready to be assembled
into a rectifier. A flow diagram of the assembly and
processing are shown in Fig. 11.

1. Soldering Chip to Heat-Pipe

The previous method of soldering the chip to the
heat—pipe required a great deal of operator skill.
To de-skill this asse’r~i1y operation , a two-part
demountable fixture s.as fabricated for fixturing
the rectifier subassemblies.

The fixture was split so that it could easily be re-
moved from the soldered assembly. Three concentric
surfaces were included for positioning the three
subassemblies. The two smallest concentric sur-
faces fixtured the two heat-pipes. The center
cylindrical surface was made slightly larger than
the largest chip. With these dimensions , the
small space between the fixture and the edge of the
chip without was used to gauge the alignment of the
chip without the edge of the fixture coming in con-
tact with the high voltage, contoured edge of the
chip.

A weight was added to the stacked subassemblies to
squeeze out any excess solder in the joints. This
weight prevented an excess of solder and a lack of
flatness between the wafer and the discs of the •

heat—pipes which could increase the thermal impe-
dance of the rectifier and lead to a weaker joint.

The devices were soldered at a partial pressure
of hydrogen . The soldering was done in a furnace
that RCA purchased and installed for Transcalent
Devices. The furnace is capable of soldering
multiple devices simultaneously . The occurrence
of solder voids between chip and heat-pipes has •

been significantly reduced by using this procedure.

33
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FLOW DIAGRAM FOR THE ASSEMBLY AND PROCESSING OF J15401

Plated Processed Plated
Anode Silioon Cathode

Heat—Pipe Weld Ring Chip Heat-Pipe

1 , 1 1
Solder Silicon
Chip Between
Heat-Pipes

Passivate Edge
of Chip and Cure

______________________________ 

.1
Weld Ring to Flanq~s

Exhaust and Bake Heat—Pipes - -

and High Voltage Chamber Dry Nitrogen -I I 51
Distill Water Pinch-Off Heat-Pipes

and Back-F-ill High

~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~

Back-Fill Heat-Pipes with H20 and Pinch-Off

Finishing Operations

Electrical, Mechanical, Thermal and Environmental Testing

Marking, Packaging and Delivery

Figure 11 •
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2. Heliarc Welding

I The weld ring is Heliarc welded to the flanges
that are attached to each heat-pipe to complete
the closure of the envelope. The weld at the
cathode heat-pipe has been turned 90° from the

I older R&D design . These are welded on a labora-
tory weld set-up . Each unit is carefully aligned
and requires considerable skill on the part of
the operator. This procedure is adequate for the
confirmatory and pilot run portions of the pro-
gram , however , a better procedure was investigated .

I If the volume of business requires it , a simple
semiautomatic piece of equipment is availah’e to
de-skill this operation. Tests will be L~~rformedto simulate the set-up of the equipment being pro-
posed. These tests will be performed during the
confirmatory phase of the program and if they are
successful , the equipment ~‘ill be considered infuture budget reques1- s.

3. Exhaust and Back-Fill Chambers

The manifold of this RCA-owned exhaust system can
exhaust six devices simultaneously .

There are three chambers to be baked out , evacuated
and back-filled . The center chamber was baked and
exhausted to a high vacuum and back-filled with
Nitrogen.

• The heat-pipes are subsequently exhausted and back-
filled using a three-way valve on another vacuum

• system . A measured amount of high purity , distilled
water is used . The amount will be that which just
fills the wick structure without any excess liquid

- to slosh • inside the heat-pipes.

I The latter method of back-filling the heat-pipes
I with water was developed after the R&D contract was

* completed . The technique employs a three-way valve
in which the heat-pipe exhaust tubes may be opened
alternately between the vacuum system of a leak de-
tector and pipettes filled with distilled water.
The valve is used to exhaust and leak check each

J heat-pipe before it is back-filled with a carefully
I measured amount of water.

I
1
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4. Finishing Operations

The completed rectifier devices were electroplated
with nickel and conformal coated to protect some
of the surfaces from corrosion and to improve the Ireduced barometric pressure operations. A label
including the manufac turer ’s identification , de-
vice number and serial number was attached prior
to the conformal coating .

The plating used on the studs mounted on each end
of the device was developed to comply with salt
spray requirements.

0. Physical Inspection

All of the critical dimensions of the five engineering
samples were measured via micrometers. The resulting
measurements were then compared to 1-he limits shown on
the outline drawing , see Fig. 1. The labor intensity
of this operation was reduced thr ough the use of a “ go-
no-go” gauge shown in Fig. i2. It will be used in the
confirmatory and pilot sample portions of the program .

The gauge was made to dimensions indicated in Table 2 -

Physical Dimensions and was designed to check the de-
vices within the limits of dimensions B, C, F and D,
see Fig. 1. No measuring tools other than the gauge I
were required to determine if a device was within I
mechanical dimensional specifications . The procedure
required little experience and little time to complete .
The labor intensity of the operation has been removed
and the gauge is practical for production inspection .
The gauge will be maintained with proper gauge care and
measured periodically in the Gauge Lab as called out I

via computer flagging procedures. • I 
-

I ;
ii j :
ii
I :~

36 1



I
I
I
I
I 

_ _ _ _ _  ~~

___
__ 

~~~~~ ,I~~~.**
• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~ ~~ ~~~~~~~ 
_ _I ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

Fig .  12 J l540l  “Go—No—Go ” Gauge
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IV . Electr ical , Me chanica l , The rmal and Environmental  Inspections

A. Group A Inspection

1. Subgroup 1

All of the Transcalent rect i f iers  were visually and
mechanica l ly  inspected in con for mance to method 2071
and Fig. 1 of the specification. The dimensions of
the Transcalent rectifiers were measured and recorded
to verify that they conform to those of Fig. 1, of the
specification , using the specified method 2066.

To establish realistic tolerances for the dimensions ,
the ac tual measurements of the f ive engineering
J1540l rectifiers are listed in Table 1 and ~i~ aly zed
statistically in Table 2. This analysis indicated
that while all samples passed the dimensions with
the tolerances listed in Fig. 2 of DP-8l35 (proposal
for Manufactur ing Methods ~nd Technology for Silicon
Transcalent Rectifier), a statistical analysis of
the measured data plus fifty SCR5 from a previous
con tract indi cated some changes are necessary for
the base line dimension~- The proposed specifications
for dimensions are listed in Table 2.

2.  subgroup 2 - Test Temperature TA = 25 + 3°C

All  engineering samples were tested for  reverse cur-
rent , 1r’ and reverse voltage , Vr, under the condi-tions specified for method 4016.2. Fig . 13 is a

• graph  of the reverse current  measured under the
conditions in the specification . Table 3 lists the
detail data.

Prior to submitting the devices to electrical test
they all were tested out to 1000 volts of reverse
voltage to insure that  a s u f f i c i e n t  sa fe ty  margin
existed .

3. Subgroup 3 - Therma l Resistance

The thermal resistance of the Transcalent rectifiers
was measured using the specified method described in
paragraph 4.6.1 of the specification . Each rectifier
was calibrated for a temperature dependent parameter
by recording the forward voltage drop at 4 amperes at
several tempera tures. The thermal resistance (R6JC)
was tested at 250 amperes of heating current , in ter-
rupted by a short period of time (less than 1 msec.)
when the current was reduced to the metering value
of 4 amperes. The forward voltage drop across the

1Silicon Transcalent Thyristor , Contract No. DAABO7-76-C-8l20.
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1 TABLE 1

seas. F132 
— Fl3 3 F 134 F135 Fl3 E

A 4.868 4.765 4.895 4.764 4.75~

B 3 . 4 6 2  ‘.430  3 .450  3 .4 5 6  3 . 4 5

C 0.642 0.645 0.650 0.639 0.65€

D 1.823 1.825 1. 8 2 7  1 .810 l . 8l ~

I F 2.119 2.195 2. 100 2.100 2 . 10C

Phy sical Dimensions Table

I
I
I
II
1 39
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TABLE 2

Sample 5 (Units neasured in inches.)

A B C D F

Spec L i m i t s :  Max . 5.00 3.475 0.700 1.857 ——
(Using DP C~it1the)

Nan. —— 3.450 0.650 —— 2.250

Mm .  —— 3.425 0.600 —— ——

Recorded : Max . 4.895 3.462 0.656 1.827 2.195

M m .  4.764 3.43 0.u39 1.810 2.100

x 4.8134 3.4496 0.6464 1.820 2.1228

0 0.05638 0.0176 0.0060 0 .006 0.0368

3o 0.16914 0.0528 0.0180 0.018 0.1104

x + 3o 4.983 3.5024 0.6644 1.838 2.2332

x — 3o 4.644 3.3968 0.6284 1.802 2.0 124

Proposed Spec. Max . 5.00 3.50 0.720 1.91 ——
Limits

Nan. —— —— —— —— 2 .250

Mm .  —— 3.4 0.580 —— ——

J1540l Physical Dinensions
Statistical Analysis

40
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device was measured and used to determine the junc-
tion temperature from the calibration data. Simul-
taneously , the external temperature of the heat-
pipes was measured and recorded . The d i f ference  in
temperatures divided by the input heating power is
the thermal impedance (t r ans ien t )  or resistance
(steady state) of the device . The values of thermal
resistance calculated from the data measured on the
f ive  engineer inq samples are shown in Table 3.
Fig. 16 is a graph of these data. Thermal re-
sistance calculatea on the same devices after the
environmental tests are listed in Table 4 with the
initial values for comparison.

Further work will be expended in refining the air
system so that more consistency ca n be achieved in
applying the cooling air flow to the Transcalent de-
vices under test.

4.  Subgroup 4 - Test Temperatur e of Case : 125 + 6°C
Reverse Cu’-rent , ~~~ and Reverse
Vol tage , ‘

~r

The devices were tested under the specified condi-
tions by method 4016 .2 .  The peak current max . is

• 60 mA . The detail data measured is listed in Table• 3. Fig . 14 is a graph of the distr ibution of
the 

~r 
measured at a reveise voltage of 800 V. These

data indicate that all the devices were well within
the maximum l imits specified .

B. Group B Inspection

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

The peak forward voltage drop was measured across all
of the devices using method 4011.3. The devices were
conducting an average current  of 250 amperes when the
measurements were made . Since the cur ren t  conducted
by the device is near ly  180° of conduction angle , the
r)eak current is approximately 800 amperes and the RMS
current  is about 400 amperes.

During the tests, the Transcalent rectifiers were
allowed to reach thermal equilibrium and the heat-pipe
was confirmed to be isothermal. Room ambient air
was blown across the fins to limit the temperature
of the heat-pipes to 100 °C.

The individual data are listed in TABLE 3 and the
distribution is shown in Fig. 15. All devices
passed .

-I
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TPIBLE 4

Ta = 25 + 3°C

Max.
Ser . Specification 

-P132 Fl33 Fl34 Fl35 Fl36 °C/W

Initial 0.07 0.06 0.12 0.19 0.16 0.2 -

Final 0.17 0.06 0.10 0.12 0.13 0.2 -

Initial and Final Thermal Resistance

I I
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I
I 2. Subgroup 2 - Surge Current , if

Test Temperature , TA = 25 + 3°C

I All engineering samples were tested under the con-
ditions listed in the specification usin.g method
4066.2 The surge current test was performed in the
RCA-owned test circuit that was developed for the

I Jl5371 Transcalent thyristor under Contract No.
DAABO7-76-C-8120 and modified to test the recti-
f i e r s .  The pulses of surge current were repeated

I at a rate of one pulse per minute for ten total
surges. The 800 volts of reverse voltage, Vr~was reapplied following each surge. After the

I surge test, the reverse current was remeasured to
confirm that the 4000 amperes peak surge currents
did not damage the devices.

I The values of reverse current measured a f t e r  this
surge test are listed in Tabl*- . 3 and the distribu-
tion is plotted in Fig. 17. Comparing these data

I with those measured initia~ 1y (reverse current -

25°C) indicated the ~ng ineering samples were not
a f fec ted  by the surge test.

I 3. Subgr oup 3 - Reverse Recovery Time , Trr
Test Temperature TA = 25 ± 3°C

I All devices were tested for reverse recovery time
per the procedures of method 4031 of MIL-Std-750B.
A modified circuit as outlined in the JEDEC Publi-

I cation No. RS282 was used. This circuit utilizes
the circuit parameters specified , however , the ‘FM
is standardized at 125 instead of 50 peak amperes.

I The data measured on the engineering samples are
listed in Table 3 and the distribution shown in

I 
Fig . 18. Again , the devices passed with margin.

C. Group C Inspection

I l. Subgroup 1 - Barometric Pressure Reduced

All of the engineering devices were successfully
tested under the conditions listed using the speci-

I fied method 1001.1. A device which arcs over or
exhibits harmful  coronas that deteriorate the de-
vice is considered a fa i lu re. After exposure to

I the low pressure test the devices were tested for -

reverse current per Subgroup 2 of Table 1. The
detail data is listed in Table 3 and the distri-
bution plotted in Fig. 19.

I
• I
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2. Subgroup 2 - Blocking Voltage Life Test Tempera-
ture : Tc = 125 ± 6°C

All of the engineering devices were rested for
200 hours , each under the conditions specified ,
using the method of para. 4.6.2. After  exposure
to the blocking voltage life test, the reverse
current was measured and recorded . The detail
data measured is listed in Table 4 and the dis-
tribution of the data plotted in Fig. 20. All -•
devices passed with margin.

3. Subgroup 3 - Thermal Shock and Salt Atmosphere Test

All the engineer ing dev ices were tested for Thermal
Shock using test method 1051.1 and the c~ ii~i it ions
stated in the specification. After five cycles ,
the rectifiers were removed from the environmental j
chamber and subjected to the moisture resistance
test, method 1021.1.

Rever se current  measurements per Subgroup 2 of
Table 1 of the specifications were taken as a check
at this point to determine if the device had sur-
vived the Thermal Shock and Moisture Resistance
tests.  All  units passed. Detail data is listed
in Table 4 and the distribution plotted in Fig. 21.

All of the engineering models were subjected to
the Salt Atmbsphere test method 1041.1 for 24
hours. After the test, the salt was washed off of
the devices which were then examined . The markings -

~

were legible and there was no evidence of f l a k i n g ,
p i t t ing  of the f i n i s h , or corrosion that would
interfere with the application of the devices.

Examinat ion of the samples indicated that  whi le  the
devices passed the Moisture Resistance and Salt
Atmosphere tests the mounting studs may have a
potential cosmetic problem . This was resolved by ••~~ •

• evaluating an alternate plating for the studs.
Tests on studs plated with cadmium with yellow
cromate coating survived the Salt Atmosphere test
with no cosmetic problem . (See Section M-l for
details.) The decision was made to use the new
plating and now all the studs on the engineering
models have been replaced with the new studs.

Reverse current tests per Subgroup 2 of Table 1 of -

the specification were performed , the detail data
is listed in Table 4 , and the dis t r ibut ion is
plotted in Fig. 22 . All devices passed wi th  marg in .
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4. Subgroup 4

All of the engineering samples were tested for re-
liability under the specified Thermal Fatigue Test
conditions and Spec. paragraph 4.6.3. The “on ” and
“off” times were two minutes each. The air flow
across the devices was adjusted so that when the
devices were conducting , the case or heat-pipe
temperature was 90 

~ 
10°C max. and 30 ± 10°C m m .

The devices were subjected to a minimum of 200 “on-
off” cycles. Since two devjces were tested simul-
taneously in an inverse parallel connection and the
number of devices was odd (5), one device, Ser. No.
Fl33 , was subjected to a total of 400 cycles.

Five measurements per Subgroup 2 of Table 1 were
made with detail data listed in Table 5 and the
distribution plotted in Fig . 24.

5. Subgroup 5

All of the engineering samples were shock tested in
RCA ’s Environmental Laboratory , Lancaster , PA, using
the specified conditions and test method 2016.2.

Following the shock tests , all devices were subjected
to a vibration test of variable frequency described
in the Specification and Test Method 2056.

After the shock and vibration tests, the reverse
current measurement at 800 volts , and the thermal
resistance measurements of Subgroups 2 and 3 of
Table 1 were repeated successfully to verify the
integrity of the devices. Detail data are listed
in Table 5 and the distribution is plotted in Fig. 23.

D. General Data

An additional Thermal Resistance Test was performed at
the end of the test program to determine if this impor- •

tant  parameter had degraded sig n i f i c a n t l y  as a r esu l t  of
the test program , however , i t  had not .  See Table 4 for  -

d e t a i l  da ta and F ig .  25 for  the d i s t r i b u t io n . Table 5 . -

lists the Post Environmental Data .
Table 6 lists the initial and final measurements of re- -

verse currents (Tc = 25 
~ 

3°C) recorded during the en-
vironmental test program . No significant changes are - ‘

present and Table 1 lists the maximum limits of-the Phy-
sical Dimensions.

Fig. 26 is a graph of the reverse current vs. case tempera-
ture of the rectifier. While reverse current increases
with temperature as expected , it is sufficiently lower
than the specification limit. 

-
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I
E. Ion Implanted Samples

Three ion implanted devices were tested. Initial tests
pe r the specification were performed and the detail
da ta are listed in Table 7. One of the rec t i f i e r s,
Ser . No. I-i , had sign i f ican t  d i f fe rence’  in its Re-
verse Recovery Time and Reverse Current (T c = l250C)
from the other two devices.

Rev. Reverse
Current  Recovery

Ser .  No. (+125°C ) Time
mA uSec

I—i  5 .56 6 .0
1—2 1.44 2 . 4
1— 3 1.44 2 . 0

The cause for this d i f fe rence  h~ s not been determined.
• During the Surge Current , S/N 1-1 developed a short .  1-2

and 1-3 appeared to have faster recovery time than the
engineering models , however , two pieces of data are not
sta t i s t i ca l ly  s i g n i f i c a n t .

V. Test Equipment

Refer to the First through Sixth Monthly Reports for this
contract for additional information concerning test appara-
tus. The electrical and environmental test equipment survey
listed in the Third Monthly Report is repeated and updated
here for reference in Table 8.

I
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A. Surge Current Test Set

The surge current test is a survival test which demons-
trates that a rectifier is capable of conducting un-
usually large amounts of current without being destroyed .
In the surge test, there are four distinct , sequential
circuit functions:

Application of 250 amperes average (400  amperes
RMS ) of “on ” —state  hea t ing current  to bring the
rectifier junction to its normal operating, tem-
perature ,

Applica tion of one 60 Hz , positive , 1/2 cycle
high current surge to the DUT,

Application of one 60 Hz, negative , 1/2 cycle
reverse high voltage pulse to the DUT.

The above test sequence of operations is re-
peated at one minute intervals for 10 total
surges.

The repetitive surge current test is shown in Fig. 27.
The circuit block diagram is illustrated in Fig. 28.
Three power supplies are also involved in this test of
DUT ’s ability to withstand overloads. Sequencing on
the exact one-half or full 60 Hz cycle is designed
into the equipment. High voltage interlocks are used
for safety of the operating personnel.

An a . c .  heat ing current  supply heats the DOT to its
normal operating temperature before a second supply
applies a single , one-half cycle forward current
surge to the DUT . On the subsequent one-half cycle ,
an 800 volts peak reverse a . c .  voltage is applied to
test whether the device has retained its blocking
capability following the surge. This surge sequence
is repeated ten times at one minute intervals. All
parameters are recorded temporarily on a storage
oscilloscope for accurate readings.

Other test conditions , such as, higher peak surges,
lower reverse voltages and different time intervals
can be set-up , if desired. Forced air cooling is

• u t i l i z e d.

B . Fo rward On-State Voltage Test Set

In the forward on-state voltage test the peak forward
voltage drop is measured while the rectifier is con-
ducting its rated current. At the same time the
operation of the heat-pipes is confirmed .
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Figure 27 Repetitive Surge Current
Test Set. The DOT was mounted
inside the interlocked door on
the lef t in the photograph .
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The test set shown in F ig .  29 applies the f u l l  rated
average a.c. current to th ~ DUT . The cooling ai r flow
is a d j u sc ed  to achieve  the r e q u i r e d  100°C on the case
of the h e a t — p i p e  of the  OUT i~~ fore  t h e  peak forward
voltage is read on the oscilloscope . A functional
block diagram of the circuit is shown in Fig. 30.

During this test the temperature is measured at several
po in t s  a long  the hea t -p ipes .  In th i s  w a y ,  the heat-
pipe s ’ t he rma l  b a l a n c e  and i s o t h e r m a l  c h a r a c t e r i s t i c s
can be ver i f ied. A poorly f u n c t i o n i ng  heat-pipe is
not isothermal. Proper ly  functioning heat—pipes are
impor t a n t  not on ly  fo r the rel iab i l ity of the OUT , but
also because the on—state voltage is a function of the
j u nct ion tempera tu re.

C. Thermal Fat i gue Test Set *
-i

Rectifiers are temperature cvcL - .~d by bper at ing them in
a circui t in which  the de~ ices are heated by conducting
their full rated curren~ of 250 A average and cooled by
blowing room temperature air across the fins on the de—
vice. The test is conducted for a minimum of 200 cycles.
The test set is shown in Fig.  31 along w i t h  the func-
t ion -~~ block diagram of the ci rcui t  in Fig .  32 .  The
a i r  f l ow  is adjustable to ass~~e that the specified mini-
mum and maximum (mm . Tc = 30 ± 10°C , max.  Tc 90 + 10°C)
temperatures are achieved on every cycle. A recorder
connected to a thermocouple attached to the rectifier is
used to v e r i f y  not only the temperature range , but also
the number of cycles.

D. Blocking Current  Tes t Set

The blocking current test set is used to measure the
leakage currents of the reverse blocking junctior.. The
tr~st set along with the functional block diagram of the
circu it are shown in Fig.  33 and 34 , respectivel y .  The
reverse blocking (leakage ) cur ren ts  are measured at the
full rated a.c. voltage of 800 volts peak. These cur-
rents are measured at both room temperature (25°C ) and 

I
at the maximum rated temperature (l250C) of the Device *

Under Test (DUT)

The measurement is performed by monitoring the voltage
drop across a calibrated resistor in series with the
DOT. This enables an oscilloscope to be used to measure
the peak current since the oscilloscope is a voltage
rather t han a current measuring device . Ohm ’s law con-
verts the reading to the current.
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Figure 29 Forward On-State Voltage
Test Set. The DUT was mounted
at the top of the cooling air
duct in the center of the
photograph .
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Fig . 31. Thermal Fat igue Test Set.
The OUT ’s are mounted Out
of view in the end of the
air cooling duct at the
back of the test set.
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Fig. 33 Blocking Current Test Set.
This set was used at roctn
t~~~erature as well as in
conjunction with an oven
or a vacuun syst~ n (not
shown) for the high t~~n—
perature and reduced baro-
zetric pressure tests.
Reverse blocking currents
are s~ asured with this
equi~~~nt.
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E. Blocking  Voltage L i f e  Test

Rectifiers are life—tested for 200 hours by subjecting
them to reverse blocking voltages of 800 volts while
at a temperature of 125 C. A 60 Hz 1/2 wave AC power
supp ly is used for  vol tage power. The test set is
shown in Fig . 35 and the functional block diagram is
shown in Fig. 36.

Mete r ing with in  the test set provid es the tempe rature
of the DOT , elapsed t ime , voltage and cu rren t . A jack
is provided for  the measurement of the peak vol tage
with an oscilloscope. Indicator lamps and high voltage
fuses are included in the power supply to indicate
whether a OUT has failed to block the high voltage
during the tests. The test set is designed to test
six devices simultaneously.

The power supply is connected th ough a voltage regu-
lator to the primary power lires of the high tempera-
ture oven . In this way .- the power and timing is re-
moved from the DUT in t~ie event of a power interruption
that would reduce the oven temperature below the test
value . An interlocked oven door also removes the high
voltage from the OUT when the oven door is opened ,
thus , protect ing the personne l .

This power supply  is also used for the Reduced Baro-
metric Pressure test for half wave voltage ~pp1icationto the OUT in the vacuum chamber.

F . Thermal  Res istance Tes t Set

The thermal resistance test set is used to determine
the thermal res is tance be tween the junc t ion  and the
base of the fins on the heat-pipe .

Prior  to test ing the recti f i er , each device is cali-
brated by recording the forward voltage (VF) drop at
4 . 0  A as a f u n c t i o n  of t e m p e r a t u r e .  At each selected
t e m p e r - I t u r e  s u f f i c i e n t  t ime is taken  to i n su re  t h a t
the  junction , the hea t-p ipe s  and the oven are a l l  in
the rmal  e~~u i 1ih r i u m . At 4 . 0  A , VF versus t e m p e r a t u r e
is almo’~ . a straight line so that the junction tempera-
ture is interp re ted f rom measuremen ts of the VF at
tempera ture s between the selected tempe ratures . I t
is this characteristic of VF versus temperature • t
4.0 A which is employed to determine the junction
temperature during the thermal resistance test. The
d i f f e rence be tween the junc tion temper ature and the
case tempera ture , which is measured with a thermo-
couple attached to the outside wall of the heat-pipe ,
divided by heating power is the thermal resistance .
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Fig. 35 Blocking Voltage Life Test Set,
inc lud ing  the t empera tu re  controlled
oven. This oven is also used for
the other high temperature tests.
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When a recti f i e r  is tested it is heated by passing
rated current through the device . This heating
current is interrupted every 50.0 ms for about 0.5 ms.
Dur ing the i n t e r rup t ion, the VF is measured at the
ca l ib ra t ion  current  of 4 . 0  A .

The test set is shown in Fiq . 3/ . Fig . 38 is a
functional block di aqram of the circuit.

The thermal resistance of the  Tr anscale nt recti f i e r  is
a func t ion  of d iss ipat ion power and ambien t tempera ture .

VI .  SPECIFI CAT ION CONTROL/CONF IGURAT ION MANAGEMENT PROGRAM

A. Engineering Specification Control

Spec if ica t ions  for  product manufac tu re , testing and
quality control are given in the Engineering Speci-
fications . These specifications (Standardizing Notices)
are the official documents ns.~d to record and disse-minate engineering spec ~ications on electronic com-
ponents and are developed and maintained by the En-
gineering Standards activity . These specifications
give the details concerning materials , processes ,
tes t ing procedures , etc., for  the products des igned
and manufactured in SSD—EOD . Quality and Reliability
Assurance participates in the establishment of guides
listing the mandatory approvers of Engineering Speci-
fications.

B. Engineering Change Proposals (ECPs )

A ll changes , am endm ents , delections or deviations from
approved Engineering Specifications affecting any Stan-
dard , custom or development product which has been
of fe red  for sale , must be accomplished through the
change control system .

The system permits a l tera t ion of an accepted pract ice
after approval by designated qua l i f i ed  reviewers on
the Change Control Board (CCB ) whereby the variation
becomes new accepted practice .

C. Conf igu ra t i on  Changes

The Engineering Standards Department has established a
change control system by which all necessary revisions
or additions to specification documents under the juris-
dict ion of Engineer ing  Standards can be made . The pur-
pose of the system is to provide a uniform method for
evaluating the various aspects of an engineering change ,
to obtain the written approval of all mandatory appro-
vers , to notify all concerned activities of the reply

- r ‘
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Fi g. 37 Thermal Resis tance Test Set .
The DOT is mou nted in the
right-hand end of the cooling
air duct shown in the fore-
ground.
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deadline and the effective dates for an engi~~~ ringchange , as well as to provide approvers with a method
for approving , revis ing , rejecting or temporarily
withholding approval of an engineering change .

In addi t ion , the secondary purpose of the change sys-
tem is to notify all cognizant activities of any
change affecting the status or content of a specifi-
cation as well as obtain information , comments, and
guidance from the Material Control , Parts Manufactur-
ing and Materials (Purchasing) functions prior to the
submittal of the proposed engineering change to the
Engineering Standards Department for issue. Note that
the eng ineering change system is not for the purpose
of obtaining engineering information . The necessary
engineering tests and discussions with all affected
act iv i t ies  must  be adequately covered prior to the
i n i t i a t i o n  o~ a Change Notice .

D. Procedures

All in-house activities jave ten working days from
the issue date to review a change and make any pro-
posed revis ions .  Af ter f i f t e e n  working days , for
inter-p l ant approvals , Engineering Standards will
speci f’,’ the reply deadline and approval (effective
Ud ’ce, on the Engineering Change Form) and the change
will be effective on that date. Written approval of
all mandatory approvers must have been obtained prior
to the reply deadline . Mandatory approvers are those
persons responsible for effecting product line develop-
ment and manufacturing as well as quality and relia-
bility assurance of the product. Marketing and Appli-
cations Engineering are responsible for securing any
necessary customer approvals.

Engineering Standards will then make the engineering
change to the speci f ica t ion  and d is t r i b u t e  the new
printed materials to all using departments so that
their standardizing bookkeeping will be updated .

E. Interface Control - -
‘

A typical  Engineering Change Notice (ECP) is shown in
Fig.  39 , and o f f i c i a l  endorsers are shown in Fig.  40.
Although this change example is a rather simple one ,
it does show the mandatory approvers and the routing
path required to make an engineering change (second
sheet). The Specification , Fig .  41 , which is being
changed is also included as an example.
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F. Standardizing Procedure

The methods utilized in standardizing this product are
described briefly below . Development and Production
Engineering released information to the Engineering
Standards Department via an Engineering Specification
Request endorsed by authorized approvers form both
Operations and Market ing . At this time, controlling
Engineering Specifications were issued of the Trans- 

-

calent rectifier. These specifications will be in
effect throughout the Confirmatory and Pilot Run phases
except as changed by an approved Engineer ing Change
Notice . Initial and revised specifications are issued
to the activities which require them , and it is the
responsibility of the using activities to see Lhat the
latest specifications are available to the operators
who fabricate the product. The us&~ g activity is also
responsible for the up—to-date m~ intenance of its
specification book or reference files.

The Engineer ing  Specif i ~ations will contain the follow-
ing mandatory requirements as a permanent , pr inted

- 
- 

record : -

1. Outline Drawing
2 . Testing Specification
3. Bil l  of Mater ia ls  -

4. Parts and Assemblies Specification
S. Material Specifications
6. Process Specif icat ions
7. Marking Specification
8. Packi ng Specif icat ion

This information will thus constitute the Product Base
Line at the conclusion of the Pilot Run phase of the
engineering contract. Government approval of ~ny sub-
sequent changes can be incorporated in any subsequent
production contracts if required to assure the form ,
fit or function of the device .

G. Specification Availability

I n i t i a l  and revised spec i f i ca t i ons  are issued to the
activities that require them , and it is the responsibi-
lity of the using activities to see that the latest
specification available to the person or persons who

J 

use it with  a minimum of delay . The using ac t iv i ty  is
responsible for the up-to-date maintenance of its speci-

- fication books or files.

1
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H. Standardized Examples

An example of a standardized part drawing is shown in
Fig. 42. The example is used to demonstrate the pro-
cedures utilized on all parts drawings . The material
specification in the lower left-hand corner shows an
RCA designation of sides which in turn delineates
material composition and material tolerance in the RCA
specification system.

Please note that each dimension has a clarifying capi-
tal letter , and each tolerance has a small letter. The
capital letter identifies the dimension , whereas , the
small letter denotes the inspection tool to be used to
measure the dimension . See the example of sm~~l letterdelineation in Fig. 43. 

-

A proprietary assembly procedure sheet is also
standardized , but not included in this report.
Notice that the assembly draw ng , Fig. 44, lists
the parts by num ber and the top of the procedure
sheet identifies the parts associated with the number
via a parts list. The operations sheet spells out in
detail each assembly step required to assemble the de-
vice . This feature will make it possible to establish
Quality Control Audit Stations in the future , as re-
quired . The last example delineates the plating pro-
cedure as required to complete the fabrication of the
assembly. The procedures described assure that the
assemblies are put together by the same procedures
at all times , a necessary factor  of the MM&T program .

V I I .  PROGRAM EVALUATION AND REVIEW TECHNI QUE

A Program Evaluation and Review Chart (PERT) was prepared
quite early in the program . It contains the objectives for
all the major portions of the contract along with the most
critical path and delivery dates for all items. The chart
will continue to be used as a management tool in the Trans-
calent Silicon Rectifier Program . The chart can be seen in
F i g .  5.

V if I . CONCEdJS TO N

The Engineering Phase has been successfully completed , while
the Confirmatory and Pilot Run Phases are expected to be per-
formed as specified . The Program is on schedule and Con—
figuration Management is being established .
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