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ABSTRACT

During development of the Nike Zeus anti-missile miasile, it be-
came apparent that large quantities of 2N559 and 2N1094 transistors
would be needed as part of this system. Quantities forecast were so
large thet extraordinery manufacturing cepebilities would be required.
Since the semiconductor industry was less then ten years old and tooled
for low volume production, the scope of Contract No. DA=36-039-SC=72729
was expanded to provide mechanized equipment ior high volume production
of 2N559 end 2N109L4 trensistors.

During Phase 1 of the 2N559-2N1094 Mechanization Progrem, 22
machines for 20 manufacturing operations were built. This report reviews
the work done during Phasg 1, April 30, 1959 to December 31, 1962, while
developing and testing the machines. Each mechanized operation is
described; problems encountered during development and operation of the
machine are reviewed; mechanized operations are evaluated, and recommens
dations for further developments and refinements are presented.

A 2N559 pilot production run and four mechanized production runs =-
for 2N560, 2N1051, 2N1094, and 2N11y5 transistors - demonstrated the
production capability of the mechanized line. -Distribution of Group A
electrical parameters and summaries of Group B tests presented in this
report indicate the quality of the five transistor types as Phase 1

ended.
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PURPOSE

Early forecasts of the Nike Zeus missile defense network indicated
that large quantities of 2N559 and 2N1094 transistors would be required.
Since many transistor manufacturing operations were slow, manual opera=-
tions, it was evident that the production capability would have to be

7increased by mechanizing various operations. Overall production planning
"is currently based oh the obJective production levels shown in the latest
. Nike Zeus Defense Production Program . .

In 1956 this Production Engineering Measure was initiated to

: develop two diffused semiconductor devices, Device 7 (2N694) and Device
12 (2N537) Then a mechanization program for. Device 12 was added to
provide a background in anticipation of mechanization for Nike Zeus.
After Nike Zeus developments advanced sufficiently, mechanization for
Device 12 was 1imited to four operations*~ Wafer Bonding, Contact Wire
Bonding, Vacuum Bake-Out and Seal, and D-C and High Frequency Testing.
'V(The Final Report submitted March 1962 reviews all Device 7 and Device

'12 developments ) Other operations being mechanized for Device 12 were

: %redirected for the 2N559-2N109h Mechanization Program.

Since_initiating the 2N559-2N109h‘Mebhanization Program, pro=-
V Eduction”planning for Nike Zeus has undergone several changes. Recent
: changes'have decreased the number of machines required as.vell a8 exe-
tended the program. Specific goals set for various phases of the
. Mechanization Program follow: )
PHASE 1
1. Provide production engineering to estsblish manufacture

ing techniques and operations for mechanized production



of 2N559 and 2N109L4 transistors.

Design, develop, and provide the necessary machinery
tooling and test equipment to establish a limited pro-
duction line capeble of producing at least 2u,000
transistors per 2-shift, 8-hour, S5-day we k. The
number and type of machine per Contract Modification
No. 23 shall be as followsa:

Contract
Item No. Operation and Type of Machine Quantity

6.2.1% Cleaning Header Lead Wire 1
6.2.2% Piece Part Cleaning 1
6.2.3% Piece Part Gold Plating 1
6.2.4 Platform Lead Welding 1
6.2.5 Header Assembling 1
6.2.6% Header Glassing 1
6.2.7 Header lLead Trimming 1
6.2.6% Strip Perforating and Welding 2
6.2.9% Header Continuous Rack Plating 1
6.2.10 Can Getter Assembling 1
6.2,11% Slice Scribing 1
6.2.12 Wafer Breaking, Screening and
Loading 1
6.2.13 Wafer Bonding 1
6.2.14* Wire Bonding 2
6.2.15 Final Cleaning 1
6.2.16 Closure Welding 1
6.2.17 Card lLoading 1

6.2.18 Testing and Date Stampinge=2N559 1



Contract o _
Jtem No. Operation and Type of Machine Quentity

6.2.19*%  Data Handling ' 1
6.2.20 Card Packaging 1
#Machines also capable of processing components of

2N560, 2N1051 and 2N1195 transistors.

PHASE 2

Modification of production equipment of Item 2, above, and
transistor processing inAaccordance with advanced semi-
conductor technology in order to increase the device
assembly yield.

Design, fabricate, and refine the indicated quantities

of machines for each of the following operations:

Contract
Item No. Operation and Type of Machine Quantity

6.3.4.1 Wire Bonding 1
6.3.4.2 Handling Tray Loading 1
6.3.4.3 Tinning Transistor Leads 1

Design, fabricate, and refine necessary additional tool=-
ing to increase the capability of tooling already
providéa in order to increase the production level of
the mechanized production line to at least 60,000
transistors conforming to applicable specifications per

2-shift, 8-hour, 5=-day week.

PHASE 3

Modification of transistor processing and production
equipment provided during Phase 1 and 2 in accordance

with advenced semiconductor technology in order to



accomplish an additional increase in the device assembly
production yield.

7. Prepare Mobilization Planning Report.



NARRATIVES AND DATA

SECTION I

INTRODUCTION

I Backg;ound
At inception of the 2N559-2N1094 Mechanization Program, transistor.

o assembly and testing required extensive manual effort. Tooling and test ‘
equipment were simple. Qual‘ty as well as output were, in many instances,
. dependent on operator Judgment and skill. The batch-type operations used..
for header plating and header lead cleaning could provide high-volune out-.‘:
.Aput but processed parts did not have the uniformity required by the ' ‘
'.mechanized.equipmenti Only germanium processing, slice diffusion and
'eraporation; and<certain.piece part.cleaning operations'couldl with 34i,”

minor. process refinements , meet Aantic_ipated production regui'rements .

I_I‘ | Authorization ' o

- Since the state-of-the-art in 1959 was not compatible with
anticipated Nike Zeus production requirements , the U. 8. Army Signal -
Supply Agency, Philadelphia, Pennsylva.nia, modified PEM Cortract No. o
DA=36-039-SC=T2729. Modification No. 11 dated 30 April 1959 authorized .
the Western Electric Company, Laureldale, Pennsylvania to mechanize "
fourteen 2N559 production operations by providing 14 machines. 8Six of
these operations were transferred to this Mechanization Program from the

Device 12 Mechanization Program started 11 months earlier.

III Production Planning

Changes in Nike Zeus production requirements brought about several



changes in initisl production Planning before Phase 1 of the Contract
ended on December 31, 1962. - Figure l-1 summarizes the changes in pro-
duction planning effected by various Contract Modifications. In June
,1959, the scope of the Contract was increased (1) by adding 2N1O9k

transistor production to the mechanization program and (2) by increasing

3=f‘the production capability of the mechanized line from 10 OOO to 12 000

“;;transistors per day without increasing the production requirements for
| : mechanized Wire Bonding B The daily output of the Wire Bonding operation

' .‘Aremained at 6 OOO The number of mechanized operations and machines was_.
increased to 21 in order to meet these requirements -

To meet the June-l960-production.requirements, a balancéd -
mechanized line concept was added to the. (iontract-in July 1960. Un_der" |
this concept, the production requirements were increased so'that ﬁire,

- Bonding as well as all otner'bperations~of the mechanized line had the
capability to-produce 12,000 good transistors per day or 60;000 per -
week. As a result of the increased requirements and mechanization -
dévelopments during the preceding year, the number of machines.was in-'
creased to'38. Tventyefour prototype machines were then'contracted;".
,-lh additional:machines vere also required for 9 of thevet‘mechanized

B operati.ons _ ~. A | B

; Since June 1960, Nike Zeus production requirements have changed

:%ltwice and Nik“ Zeus development and testing have been extended X Recent i{v
Tcontract modifications have adjusted machine requirements accordingly;:-A

The most recent modification as technically accepted December 1962 pro»

l'vides 25 machines. Only three additional machines will now be provided

for two operations. The latest modification also extends machine develop-

ment and refinement another two years, Phases 2 and 3.



Mechanization planning hes compensated for reduced Zeus requirem
ments by deleting additional machines and by increasing machine
versatility. In one instance, machine development was discontinued be-
cause mechanization was no longer Justified. With overall production
. requirements reduced it became practical to make certain machines more

".versatile and use them interchangeably for either 2N559~-2N1094 production

L or ‘for 2N560-2N1051-2N1195 production. Thus the present combined line

.concept evolved
L The meehanized equipment developed under this Contract and Contract
':yd} pA436;039-SC-8129h for high production of transistors is now combined

"i'ihte an ‘integrated production line rather than two separated production

o '.'lines'eﬁvisioned previously. At the end of Phase 1, 10 of the 22

:‘machines developed under this Contract can be used for 2N560-2N1051-

- 2N1195 production and 8 of the 14 machines developed under Contract No.

. DA=36:039+5C~8124 can be used for 2N559-2N109% production.

eIV, . 'Process and Design Changes

' Seyeral major changes in transistor design were made by the Bell
‘Teieﬁhone Laboratories, Laureldale, during machine development.
.ieitiell&; traneistors were baked-out and backfilled with the desired
::emﬁieﬁp befo;e'sealing the tubulation. A one=piece can containing a
:-;oieeufe getter replaced this encapsulation. A welding procedure was
then.develeped which‘provides the best possible ambient before welding
vtﬁe can to the header. See Section 3.16 for development of the Closure
" Welding operation. '

Considerable product and machine development took place before
the present Can Getter Assembling operatdon was established. This opera=

tion was conceived as & one-machine operation and is so listed in the



Contract; in reality, two major components, one minor component, and a
sintering furnace are provided for this assembly operation. -Section 3.10
reviews these developments and describes the components provided.

Early in the mechanization program 3-inch header leads were specie-
fied; on February 8, 1962, the lead length was decreased to 1-1/2 inches,
This change affected several machines. An earlier header design change,
buttewelding the collector lead to the platform was made June 1, 1961.
This added a new machine to the Contract, eliminated mechanized Header
lead Trimming, and caused extensive modification to the Header Assembling
Machine. The butt-welded subassembly introduced a major operational
problem during prove-in and shop trial of the Header Assembling Machine.

One process development eliminated a wire handling problem on the
Header Assembling Machine. This development eliminated wire oxidizing
before Header Assembling and created the need for another machine, Header
Glassing, which not only fuses the glass in the header platform but also
oxidizes metallic parts before glassing. Initially, wire oxidizing was
done immediately after wire cleaning on the Cleaning Header Lead Wire

Machine and platforms were oxidized in an oxidizing furnace.

v Mechanization Developments

While the foregoing developments aided in attaining the FPhase 1
production goals, simplifying operator's duties and minimizing manual
transfer of piece parts and transistors were mainly responsible for
increasing the production levels. To obtain efficient handling of plece
parts and transistors, several handling systems were developed which are
integrauted with associated machines. In one instance, two Strip Perfora-
ting and Welding Machines were provided to assure proper header handling

during the Header Continuous Rack Plating operation. Trays and magazines



‘were developed to transfer large quantities of cans, headers, and wafers
ﬁétﬁéenvéssociated machines wh;le.maintaining the desired orientation
;anﬁ header legd straightness. To ﬁake the tray handling systems reliable,
both uniforﬁ waférs and headefs with straight leads were required. The
Slice Scribing Machine (Section 3.11) provides the uniform wafers. 'The
Header ContinuousARagk Plating Machine (Section 3.9) maintains the lead
straightness required for subsequent assembly operations. The Cleaning
' Header lead Wire Machine (Section 3.1) was needed not only to preserve
lead straightness during cleaning but also to remove burrs which would.
" interfere with lead loading during Header Assembling.

‘ Efficiencj has been increased considerably at the bottleﬁeck
operation = Wire Bonding - by utilizing Stitch Wire Bonding. This method
provides an efficient means of continuously feeding .0005-inch-diameter
wire to the bonding tip, and it eliminates elaborate wire preparatirnus
previously reqﬁired. A number of special studies relating to Wire
Bonding are reported in Section 5.

The handling system used for testing and packaging the 2N559
transistor was developed jointly by Western Electric Engineers at
Laureldale, Pennsylvania, and Greensboro, North Carolina, and by the
United Shoe Machinery Research Center, Xenia, Ohlo, in order that the
system would be compatible with & mechanized unloading machine on the
user's production line. The system not only keeps the leads straight
but is also very compact and inexpensive. Sections 3.17 and 3.20 review
the development of the system and describe the machines needed to fabrie
cate the system; description of the package is contained in the Material
Handling portion of Section 2.

As noted previously, changes to the transistor design specifica-

tions by the Bell Telephone Laboretories influenced the scope of the



mechanization program. In the actual performance of the Contract, Bell
Telephone Laboratories contributed directly to the overall Western
Electric Company effort by providing technical assistance to the mechani-
zation program. This technical assistance, in the form of an engineering
service during the development of the mechanized equipment, extended'over
the 3-1/2 year Phase 1 period of the Contract. Because the scope of this
consulting service included a large number of areas, a sepﬁrate narrative
for the laboratories effort is not feasible. Accordingly, the Bell
Telephone Laboratories contributions have been ihtegrated iﬁto the
individual machine narratives and are not specifical;y indentified '

within the mechanization development programs.
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PRODUCTION PLANNING FOR THE 2N559-2N1094 MECHANIZED LINE

NO. -OF MACHINES

FROTO ‘
T w
A?2iA:' e -
A om
.'iiéy "
f23:f~ 37 _
233
2 g54
2. 25

MODIFICATION WEEKLY OUTPUT
NO., DATE  MECHANIZED LINE
n . 4/30/59 © 10,000!
12 | 6/25/59 jla,éool:? |
14 6/10/60'v '.12;660
15 7/26/60 . 60,000
,19 - 10723/61 * 60,000 _,-:'
20 1/9/62- ' ',60,006 L
23 12/i9/62 24,000 (Phase 1)
I " 60,000 (P'hase.é)3;“‘ ‘ - .
1. Wire bonding odtpu‘q 6,000' per Qéek’-
2. Wafer bonding dutputzil,OOO:pér ﬁeek-'>
3. To attain'this‘oufput, addiiional duplicate mechines will be
‘r'eQui‘re;d“foAr ce:ﬁai‘n.bottl‘ené'ck_operatliohs_. The‘é‘e: machines"
' will be jnr'ovidedur;d_e‘r Faéiiity Cénﬁracﬁ Né‘. DA-36.:-O:3..9-36—
26645 ‘after prdtotypes a.z;e refineci.-and_iiﬁdé.ted‘ qﬁly if"a“
_ﬁik(_e,Zeﬁs order' appéérs 1mm1nent th~ ;i“s plaéed. S
"

- - Technical acceptance date

FIGURE 1=l
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MECHANIZED PRODUCTION LINE

I General

The mejor requirement of Phase 1 of the 2N559-2N1094 mechanization
portion of PEM Contract No. DA=36-039-SC=72729 is provision of high
volume production equipment required to develop and instell a limited
production line capable of producing at least 24,000 transistors con-
forming to applicable specifications per two shift, eight hour, five
day week. In addition to specific machines this capability includes the
provision of associated tooling and facilities. To meet this require=-
ment, an integrated production line capable of meanufacturing 2N559 and
2N1094 transistors has been designed, fabricated and installed.

Normal practice requires that a pilot production run be made over
a manufacturing facility to verify machine performance and line capa-
bility. In this case, however, a pilot run was not made a requirement
under the PEM contract for the following reasons. During the Phase 1
period of the Contract, the Western Electric Company's North Carolina
Works was authorized to develop a production capability for inserting
2N559 transistors into certain Nike Zeus equipment components. This

authorization was made under the terms and conditions of Government

Contract DA=30-069-0RD=3100. One of the sub-items under this contract
called for a pilot production run, which, in turn, required completed
2N559 trensistors. As a result, an Interworks Order was issued for a
total of 42,000 completed 2N559 transistors meeting the applicable speci-
fication to be produced on the mechanized production line. Authorization
vas given in the same order to produce an additionsl 3,000 devices to be

used in a reliasbility evaluation of 2N559 transistors manufactured on
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the mechsnized production line. This interworks order, therefore, pro=-
vided the authorization for the 45,000 unit pilot production run made
over the production line.

During the period covered by the 2N559 pilot production run, 2N560,
2N1051, 2N1094 and 2N1195 transistors were processed over the mechanized
line using all equipment capable of processing these codes. These devices
were used to meet the test data requirements of the Contract. After test
parameter readings were obtained, these devices were shipped as regular
product, so manufacturing costs were not absorbed by either the PEM
Contract » or the interworks order. Data collection costs were, of course,

borne by the Contract.

II Mechanized Line Operations

Phaese 1 of PEM Contract No. DA=36-039-8C-72729 limited the develop~
ment of high volume production equipment to specific quantities and types
of machines and tooling. It was not intended that all manufacturing oper-
ations be mechanized, but that machines would be built for those operations
and processes which could be made more reliable or required a high degree
of skill by the operator. As a result, the limited production line is a
"hybrid" line consisting of a mixture of mechanized and unmechanized
equipment.

For purposes of this discussion the subject production line is
divided into four parts as follows:

1. Transistor Header Assembly

2. Semiconductor Material Preparation
3. Transistor Can Assembly

L. Transistor Assembly

Each part will be discussed in sufficient detail to provide an
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understanding of the relationship of the various items of mechanized
equipment to the unmechanized operations and the production line as a
whole.

The transistor header assembly portion of the production line is
highly mechanized. Machines have been provided to perform most of the
critical operations. A header assembly requires one platform, two ele =
tropolished leads, one cleaned lead, one piece of cut glase tubing and
one piece of cut glass rod. Cleaning and drying of the platforms and
the cleaned lead is done by the Piece Part Cleaning Machine, Item 6-2-2
of the contrart. The purpose of this cleaning is to remove greases,
oils, and oxides from the surfaces of the parts. Cleaning of the glass
parts is done on a batch basis by manually rinsing in cleaning solutions.
The two electropolished leads are processed over the Cleaning Header lead
Wire Machine, Item 6-2-1. This machine cleans only that portion of the
leads which is involved in the glass~to-metal seal during fabrication of
the header. Cleaning is accomplished by removing a layer of the lead by
electropolishing. Rinsing and drying are also done by the machine.

Following cleaning and drying of the platform and the cleaned
lead, they are butt-welded together in the Platform lLead Welding Machine,
Item 6-2-4 of the Contract. The lead becomes the collector lead of the
transistor and the platform will subsequently support the semiconductor
materiel used in making the transistor. The lead is welded to the under-
side of the platform properly positioned with respect to the platform
locating tab. Following welding, the assemblies are decarburized on a
batch basis in a furnace with an atmosphere of wet dissociated ammonia.

Assembly of the various header piece parts is done by the Header
Assembling Machine, Item 6-2-5. Initially, the collector lead=-platform

subassembly is manually pluced in proper orientation in a ceramic mold
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which will be used during the subsequent glass=-sealing operation. These
molds each containing 12 subassemblies are fed into the Header Assembling
Machine where the base and emitter leads (the electropolished leads) and
the pieces of glass rod and glass tubing are automatically fed and placed
in proper position. The final station of this machine bends the emitter
and collector leads of each assembly and welds all three leads together.
This step is taken for the following reasons. The emitter and collector
leads are bent to separate them from the center base lead during gold
plating. If the leads are too close together dgring this operation, 'a
"shadowing" effect is noted, which results in little or no plate on the
inner surfaces of the leads. The leads are welded together to strengthen
the structure, which helps prevent bending of the leéds during subsequent
handling. Automstic 1hsértion of headers into the various machines is
made easier with the leads joined together.

After assembly the loaded molds are processed through the Header
Glassing Machine, Item 6-2-6. This machine oxidizes the metal piece
parts in the assembly and melts the glass parts, thereby forming a glass-
to-metal seal between the glass and the plétform and the glass and the
leads. Annealing of the sealed header is also completed in this machine.
Following glassing,‘parts are manually unloadéd from the molds and in-
spected for lead location, for proper weiding of leads, and for glass
height above the bottom of the platform.

Assembied headers are manually fed into tooling which triﬁs tﬁe
two ungrouﬁded leads, namely, the base and emitter leads to the-proper
height with reference to the bottom of the platform flange. After trim-
ming the headers are returned to the Piece Part Cleaning Machine, Item
6-2-2, where oils, oxides and excessive glass are removed. 'After this

operation a 100 percent inspection for glass defects is made. Next the
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headers are chemically cleaned, polished, rinsed, and dried in batch
amounts using various tanks and commercial dryers. The purpose of this
operation is to remove oils and greases present on the headers due to
handling and to prepare the metal surfaces by etching for gold plating.
- After cleaning and polishing the headers are processed .to the

Strip PErforating and Welding Machine, Item 6-2-8 This machine punches
'index holes into a steel tape and welds the ends of - the header leads to '
the tape The tape containing the headers is wound on a reel for pro= :
cessing to gold plating. Plating 1s done by the Header Continuous Rack
Plating Machine, Item 6-2-9.- Reels of welded headers are unwound and'the
strip is drawn through various cleaning,:rinsing, plating and drying
stations. Gold plated headera are then sheared from the‘strip in a
manner not affecting the weld between the three leads. After strip
plating, headers are sintered in batch duantitiee in a commercial furnace.

‘Plating inspection and avfinal inspection of a random sample of
completed headers prepares the headers for ehipment'to the transistor
assembly area. A flow diagram of the operations entailed in manufactur-
ing transistor headers is shown in Figure'z-l.

Preparation of semiconductor material starts with the basic raw
material, germanium dioxide, and ends with inspection of completed wafers.
No machines have been fabricated for processing of the basic material

since most of this processing is done with large quantities It is not

until the material is ready to be broken down into wafers. that mechanized“

equipment can be Justified. The various operationsAinvolved in material
processing will not be discussed in detail. .Eesentially the material is
reduced to germsnium metal, zone refined, and zone leveled. Zone level=-
ing provides for the introduction of doping alloys and for the growing

of a single crystel. The single crystal bar 1s cut into slices and the
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resultant slices are lapped and etched on both sides and mechanically
polished on one side. Polished slices are transported to the gaseous
diffusion process where the semiconductor Junction is formed.

The "P" type germanium slice used in manufacturing the 2N559
transisﬁorvis diffuééd with antimony to form an "N" skin on its surface.
Since the."N" skin is formed on all external surfaces it must be subse-
quently removed from the unpolished side by etching. After a clean-up
etch a copper'backing is evaporated onto the unpolished side of the
slice; Following an additional clean-up etch, gold and aluminum base
and emitﬁer stripe pairs are evaporated onto the polished side of the
slice. The aluminum emitter stripes are permitted to alloy into the
germanium slice forming a "P" region in the "N" skin.

The active area of the 2N559 transistor wafer is surrounded by a
moat deep enough to penetrate through the "N" skin into the "P" region.
This moat is formed while the material is still in the slice form by use
of an ultraviolet light-sensitive material, suitable masks and etchants.
This process forms a physically undamaged active area with the evaporated
stripe palr in the center.

Following the moating process the semiconductor slice is scribed
for subsequent breaking into wafers by the Slice Scribing Machine, Item
6-2-11 under the Contract. Scribe lines are cut with a diamond point
on .020«inch centers in both X and Y directions. After cleaning to re=-
move chips and dust the scribed slices are fed to the Wafer Breaking,
Screening and loading Machine, Item 6-2-12. In this machine the slices
are broken into wafers, the wafers are screened for defects and, if
acceptable, are loaded into wafer handling trays. These loaded trays
form one of the inputs to the transistor assembly portion of the mecha=

nized line. A flow diagram of the operations entailed in processing
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semiconductor material is shown in Figure 2=2.

This metal can which is used to enclose the assembled transistor
is formed on a punch press using tooling developed under the PEM Contract.
After proper cleaning to remove oils, greases and oxides, cans are fed in-
to the Can Getter Assembling Machine, Item 6-2-10. This machine has two
main sections. The Can loading Section loads the cans into pallets and
then places a measured amount of nickel powder into each can. A powder
leveling component levels the nickel powder in the cans and places the
loaded pallets on a moving belt of a sintering furnace. Following sinter=
ing the pallets are fed into the Getter loading Section which removes any
loose particles of sintered nickel, adds a moisture seeking getter, melts
the getter and permits it to flow into the pores of the sintered nickel
powder where it solidifies. The can getter assemblies are then processed
through an activating furnace Just prior to use. This furnace drives off
the moisture present in the getter. Assemblies are stored in dessicator
flasks under vacuum until used. The flow diagram of the operations
affecting the can is included with the transistor assembly flow diagram,
Figure 2-3.

The first transistor assembly operation is accomplished on the
Wafer Bonding Machine, Item 6-2-13. Here the semiconductor wafer is in-
timately Jjolned to the transistor header through the medium of a gold-
germanium eutectic bond. Wafers are loaded into the machine in trays,
each holding 100 oriented wafers. Headers are manually loaded into the
machine during the dwell period of the operating cycle. Wafer bonded
headers are automatically unloaded following which they are manually
placed in magnetic handling racks for further processing. The wafer~
header subassemblies are screened for bonding defects following which

acceptable subassemblies are spray=cleaned to prepare the gold and
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aluminum stripes for wire bonding. Both the screening and the spraying
operations are performed with the wafer bonded headers in the handling
racks. The Wire Bonding MaChine,.item 6-2flk, atfaches gold wire to the
gold and aluminum wafer stripes and to the portions of the transistor
external leads extending aone the header platform. The gold wire used
is .0005 inch in diameter and is attached to the stripes and leads'using
a thermal compression principle. One span of wire is attached to the
gold base stripe and the base lead. A second span of wire is attached to
the aluminum emitter stripe and the emitter lead. Wire is presently be-
ing re-spooled before use in the Wire Bonding Machine, but it is antici=-
pated that this re-spooling operation can be eliminated. Following wire
bonding, loose ends of gold wire extending beyond the external leads are
manually trimmed.

The next operation after gold wire trimming is Final Cleaning.
This operation is performed by the Final Cleaning Machine, Item 6-2-15.
Wire bonded transistors are lightly etched with hydrogen peroxide,
rinsed with delonized water and partially dried with a methanol dip.
Drying is completed in an infrared drying chamber. The purpose of the
etching operation is to clean the transistor active area of greases and
foreign particles. Immediately after etching, the devices are placed
in a 300°C baking oven. This bake passivates the surface of the semi-
conductor material and stabilizes the electrical characteristics of the
device. Following the 300°C bake, a protective coating of 810, silicon
dioxide, is applied to the top surface of the transistor and header.
The purpose of this coating is to protect the transistor Junctions from
foreign particles. All devices after coating go into a 200°¢ pre=weld
bake. This bake drives out any gases which may have been trapped by the

silicon dioxide coating and also dries the coating itself by driving off
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any moisture.

After completing the pre-weld bake the devices are processed to the
Closure Welding Machine, Item 6-2-16. In this machine the metal cans con-
taining the moisture seeking getter are welded to the transistor headers
in an atmosphere conslsting of a mixture of nitrogen, oxygen and helium.
The helium is used as a trace element during the next operation, helium
leak detection. In this operation minute leaks through the weld, through
the can or through the glass to metal seals can be detected by sensing
the presence of helium in the atmosphere surrounding the device. Devices
which pass this check are given a bake in an oven set at 250°C. This
bake rapidly drives any moisture remaining inside the can into the getter.

Following the 250°C bake, devices are placed in a container filled
with alcohol. The purpose of this operation is to allow the alecohol to
penetrate any large lesks which may be present in the device.

The presence of alcohol in the device is detected at D=C Test #1
by the failure of the unit to meet leakage current specifications. The
alcohol soaking operation is necessary since large magnitude leaks are
not detected by the helium leak check. In this case, the helium is ex-
hausted by the time the check is made.

Just prior to testing, the transistor leads are cut to final
¥ength. The weld holding the three external leads together is removed
by this trimming. The completed transistors are then processed to DeC
Test #1 where all Group A D«C Tests in the applicable specification are
made on a go no=go basis. Good units after testing are cleaned to remove
oils and greases following which the external leads are coated with
solder. After a second degreasing the devices are processed to the Paint-
ing ahd Coating, and Coding Machines. These machines were developed under

an assoclated PEM Jontract No. DA=36-039-5C=-81294 but are capsble of

21



processing SC-T72729 Contract device types. Units are manually loaded into
magnetic handling trays which are automatically fed into the Painting and
Coating Machine for painting. Following this operation the devices are
baked and then processed to the Coding Machine. Following coding, the
devices are baked a second time and then processed to the Painting and
Coating Machine again for varnish coating. A third bake follows coating.
Devices remain on the magnetic handling trays throughout all of the above
operations.

The completed transistors mounted on magnetic handling trays are
manually fed into the Card Loading Machine, Item 6-2-17. This machine
spreads the transistor leads, places the transistor on a pre-punched
strip of black electrical cardboard, attaches the leads to the strip
with heat-sealable tape, cuts the strip into individual cards and feeds
the card-mounted transistors into the Testing and Date Stemping Machine,
Item 6-2-18. This machine performs all Group A tests on the 2N559 tran-
sistor on a go no~go basjis. Capability of stamping a three digit accep-
tance date on the top of the transistor can is also provided, however,
this operation is presently being done at the same time as the remainder
of the coding is applied.

Transistors passing this series of tests are submitted to a final
inspection which is done on a sample basis. The various samples are
submitted to electrical and environmental tests as determined by the
applicable specification. All electrical tests assﬁciated with this
inspection are performed on the Data Handling System, Item 6-2-19, which
provides, in addition to test cepability, data recording and processing
capability. This system 1s also used for production control purposes and
for semiconductor slice evaluation. If the transistor lot passes final

inspection, the individual card-mounted transistors are placed on a
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"Mylar" Shipping belt by the Card Packeging Machine, Item 6+2-20. This
machine punches the "Mylar" belt according to the desired pattern and
indexes the belt to a manual loading station. The loaded belt 1is auto-
matically wound on a shipping reel by the machine. A flow diagram of
all transistor assembly operations is shown in Figdre 2-3.

.All items of mechanized‘equipment'havé been included in the above
resdmé with the.exéeption of the'Pieée‘Part Gold Platiﬁg Machiﬁe, Item
6-2-3, and the Header lead Trimmiﬁg Machiné, Item 6=2-7. 4These machines
were made obsolete by process changes and are no longer used in the pro=-

‘duction line.

111 Material Handling

Several unique material handling componen:s were provided to
support the various items of mechanized equipment developed under the
PEM Contract. These components are used to support transistor elements
either during the time they are in the machines, or during storage periods
between operations or both. They are also used to maintain orientation
of elements, to meke handling easier, and to protect the elements from
physical damege.

In this sub-section all material handling components developed
under the contract will be described in detail. Illustrations have been
included to help clarify these descriptidns. The feiationshipé of these
various components to the'contrécp machines will.be emphasized.

The first méterial héndliﬁg'comppnents‘used in header.aséembly are
the ceramic mdlds uaéd for receiving the'headér piecefparts dgr;nglassém-
bling and for holding these parts during glass-toe-metal sealing. These
molds each have 12 cavities into which platform-lead subassemblies are

menually losded. A locating slot receives the tab on the header platform
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to provide proper orientation. At the base of each cavity two holes are
drilled to receive the base and emitter leads as they are fed through
holes in the platform by the Header Assembling Machine. A third hole is
provided for possible automatic unloading of the molds after glassing.
V-shaped slots are provided on one side of the molds for locating during
header assembly. FEach slot is relieved on one edge to provide for index-
ing the molds. The mold used for the TO-18 header is shown in Figure 2-k.
The next material handling component used in header assembling is
the strip to which the headers are welded by the Strip Perforating and
Welding Machines. The strip itself is made of steel and is used as a
means of supporting the assembled transistor headers during gold plating.
It also forms the electrical contact to the headers during plating. The
headers are welded onto the strip on l/h-inch centers using the extreme
3/32-inch portion of the leads. The three leads have been previously
welded together on the Header Assembling Machine. Indexing holes are
punched into the strip by the Strip Perforating and Welding Machine.
These holes mate with the teeth in the drive wheels of the Header Con-
tinuous Rack Plating Machine. The strip is pulled and guided through the
Plating Machine by the various drive wheels, thereby providing a means
fer passing the headers through various cleaning and plating sclutions,
rinsing stations and dryers. A picture of strip-mcunted headers is
shown in Figure 3.8-2.

Wafer trays and magazines were develcped tc support transistor

wafers during the period of storage between the Wafer Bresking, Screening

and loading Machine and the Wafer Bonding Machine. Wafers are loaded
into the trays automatically by the first machine and automatically une
loaded from the trays by the second machine. During storage eight trays

can be stored in one magazine. The trays have the capability of supporting
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the individual wafers, maintaining their orientation during reasonsble
handling, and providing some protection for the extremely small, brittle
wafers. The magazines provide some protection from dust and conteminants
settling directly on the surface of the wafers.

Each wafer tray holds 100 wafers of the .020 by .020=-inch size,
the size used for all contract codes. The wafers are held in square
slots just slightly larger than the individual wafers. The wafer tray
and magazine are illustrated in Figure 2-5. The wafer slots are the
series of small squares along the centerline of the tray. The raised
fins along the near side of the tray are used for indexing the tray
during loading and unloading.

During the assembly of the transistor can and the moisture seek-
ing getter in the Can Getter Assembling Machine, a metal pallet is used
for supporting the transistor cans. This palilet is actually the hand-
ling medium of the machine itself. The first operation performed by the
machine is the loading of 112 cans into each pallet. The cans remain in
the pallets during all subsequent operations and are only unloaded after
the operation is complete and the can getter assemblies are stored in
dessicator flasks under vacuum. Between operations the pallets are
stockpiled in pallet magazines, each magazine holding 18 pallets. The
pallet with its accompanying magazine is shown in Figure 3.10=-2.

The major handling component used in the transistor assembly line
is a magnetic handling tray and magazine combination. This combination
is first used as an output of the Wafer Bonding Machine. The wafer
bonded headers are loaded into the magnetic tray and they remain in the
tray during wafer bond inspection and spray cleaning. The trays are
then used as the input to the Wire Bonding Machine. This machine auto-

matically unloads the headers from the tray, performs the wire bonding
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operation and returns the headers to the tray. Following wire bonding
the headers go to the Final Cleaning Machine. At this point they are
transferred to a magnetic tray of a slightly different design. The tray
used during final cleaning is the prototype design, and the Final Clean=-
ing Machine design was based on it. It was not feasible to alter the
Final Cleaning Machine to accept the new trays during FPhase X, since
transfer from one tray to another can be effected quickly and easily.
Following final cleaning the headers are removed from the magnetic trays
for further processing. Header tray magezines are used throughout the
above=mentioned processes as storage for the loaded trays. They offer
support and limited protection for the easily damaged devices.

Magnetic trays are used for input to the painting, coding and
coating operations. Trays are automatically removed from the magazine,
devices are mechanically removed from the trays, the operation is per-
formed and the devices are replaced in the trays and the trays in the
magazines. These steps are essentially repeated three times - once for
each operation.

The magnetic trays are used again as the input to the Card Load-
ing Machine. The trays are manually loaded into the machine, and the
devices are automatically removed from the tray for card loading.

The magnetic trays each hold 30 units on 3/8-1nch centers. The
devices are held by attraction between the magnets and the metal exter-
nal leads of the transistor. They are oriented so that the emitter and

collector leads of the transistor rest against the magnet. In normal

- position the bottom of the transistor platform rests against the stain-

less steel plate which acts as a frame for the tray. For the wire bond=-
ing operation, the headers are pushed from beneath by a force applied on

the welded lead ends raising the devices above the stainless steel plate.
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The leads remain in contact with the magnet and are guided by slots cut
in the plate.

Each magazine holds 20 trays for a total of 600 devices. locks
are provided to prevent the trays from sliding out of the magazines
during handling. Treays and magaziues are illustrated in Figure 2-6.

The Card Loading Machine mounts the transistors on cards for
electrical testing and shipping. The leads of the devices are spread
and held down on a belt of black electrical cardboard by means of a
heat-sealable tape. The belt is cut into individual cards and the cards
are fed into the 2N559 Testing and Date Stamping Machine. Only 2N559
transistors are handled in this manner. Good devices after testing re=-
main on cards and are placed in a pre-punched "Mylar" shipping belt in
the Card Packaging Machine. Both the card and the belt provide proe
tection for the device and retain orientation of the external leads.
Devices can be easily stripped from the cards for insertion into other
machines or equipment. The card mounted transistor and the "Mylar" belt
are illustrated in Figure 2=T.

During Phase 2 of the Contract material handling will be further
evaluated to possibly extend it to other operations. Effort will be

applied to eliminate manual loading of material handling components.

Iv Pilot Production Run

The pilot production run, as mentioned earlier in this section,
was based on an output of 45 thousand 2N559 transistors conforming to
the applicable specification, in thils case, MILFS-19500/152A dated 22
May 1962. fThe purpose of the run was fourfold: first, it made com-
pleted 2N559 transistors available to Western Electric's Greensboro,

North Caroclina Plant for use in prove«in of their mechanized equipment;
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second, it formed the basis for acceptance by the U. S. Army Electronics
Materiel Agency of the PEM Contract mechanized equipment and manufacturing
capability; third, it permitted studies and evaluation of new manufactur-
ing processes and equipment plus a thorough evaluation of device relia-
bility; fourth, completed devices were used to fulfill the PEM Contract
commitment for submission of tesf data from nine thousand 2N559 transis=-
tors manufactured with the PEM equipment.

The subject pilot run started on September 5, 1962, with production
of transistor headers. Machines and associated equipment connected with
header manufacturing were operated as required until January 31, 1963,
when all header shipping requirements were fulfilled. Assembly of trane
sistors started on October 12, 1962 and was completed on March 1h, 1963.

Several normel and anticipated problems arose and were met during
the pilot run. Operators of the various items of mechanized equipment
required training over and above that given during shop trial and/or pro=-
duction trial phases. Machines experienced periods of down-time due to
maintenance requirements and due to the need for minor changes and ade
Justments. Variations in semiconductor material and piece parts were
found which adversely affected the operation of some of the mechanized
equipment. As anticipated, all transistor elements must be made with
as little variation as possible, since the mechanized equipment will not
accept wide fluctuations in parameters. All the above conditions con=
tributed on occasion to delays in the pilot run, but all shipping schedules
were fulfilled on time.

In general, the results of the pilot run met all expectations.
Machinery functioned well considering the fact that almost all items of
mechanized equipment are prototypes. Operators developed fast and became

very skilled in operating the equipment. Operator errors did occur on
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occasion, but, fortunately, they were limited in number. No problems
arose during the run which could not be solved within a reasonable period
of time. Pilot run experiences on specific items of mechanized equipment
are discussed in the individual machine sections of this report.

The PEM Contract requires that test data be provided on 250 each
of 2N560, 2N1051, 2N1094 and 2N1195 transistors in addition to the test
data on nine thousand 2N559 transistors mentioned earlier. During a
portion of the 2N559 Pilot Run, devices to be used in providing this test
data were processed over the mechanized line. Those machines capable of
processing these other codes were used in this mechanized production run.
After test data was accumulated, the acceptable devices were shipped as

normal production.

v Test Data

Complete data on all Military Specification Group A parameters
for the number and types of transistors specified in the Contract was
accumulated and submitted to the U. S. Army Electronics Materiel Agency.
The number and types of transistors and the number of parameters involved

are listed below:

Device Type Number of Devices Number of Parameters
2N559 9,000 11
2N560 250 10
2N1051 250 9
2N109L 250 15
2N1195 250 11

The applicable military specifications for these devices are listed next:



Device Type Applicable Sggcificaxion

2N559 MIL-S-19500/152A dated 22 May 1962

2N560 MIL-S-19500/73A dated 29 July 1960

2N1051 MIL-S=19500/216(NAVY) dated 9 November 1961
2N1094 MIL-S=19500/161(SigC) dated 9 December 1960
2N1195 MIL-S=19500/71C dated 17 January 1961

In order to make the raw test data more understandeble, distribue
tions of parameter values were plotted. 1In the case of the 2N559, rather
than making distributions of 9,000 values, a representative random sample
of 500 devices was used. For all other codes, the gontract requirement
of 250 devices was used.

The distributions of the various parameter values are shown in
Figures 2-8 to 2~63 inclusive. The device type, the test parameter,
bias conditions, specified maximum and/or minimum test values, and the
number of devices in the distribution are given for each figure.

The ordinate of each distribution shows the central values of the
cells selected for plotting the distribution. For example, the Igpq
distribution for the 2N559 transistor, Figure 2«8, lists values of .100,
.300, .500, etc. The first cell includes values from .000 to .200, the
second cell includes values from .200 to .400, and so on. In the event
a reading is obtained which coincides with the boundary value between
two cells, for example .200, this device will be counted in the lower
valued cell, the .100 cell.

Cell widths and the number of cells used have been selected on
the basis of providing the most meaningful distributions. 1In doing this,
it became impractical to list all the cells required to show the position
of all units since the test values on certain devices show considerable

departure from the norm. HI and IO categories were added to pick up
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these devices. These categories do not indicate "out=ofespec" devices,
since all units used in accumulating the data met the applicable specifi-
cations.

It should be noted that leakage current (Icp,) distributions for
the 2N560 and 2N1051 contain several devices with readings of .0000 uAﬁc.
The actual test values are not zero but are smaller than the minimum reade-
out capability of the test equipment used in generating the data. These
devices fall in the 10 cell for that particuiar parameter.

Transistors are stockpiled after Group A final testing and sub-
mitted to final inspection on a lot basis. The final inspection organie
zation takes random samples of the device lots and subjects them to the
various Group B tests. In certain cases the test is an examination of
the physical characteristics of the sample. A check of the dimensions
of the completed transistors is an example of this case. 1In other tests,
the sample is subjected to certain environmental conditions, following
which the devices in the sample are subjected to end point electrical
tests. Moisture resistance evaluation is an example of this latter type
of Group B test.

The 2N559 Pilot Run production was divided into three lots for
purposges of final inspection and shipment. The first lot contained
approximately 9,000 devices, the second lot contained approximately
13,000 devices and the third lot was made up of approximately 20,000
devices. The results of the Group B evaluations of these three lots are
given in Figure 2-64. Test conditions and limits are given in the
applicable specification for the device.

The mechanized production lots from which the 2N560, 2N1051, 2N109k

and 2N1195 transistors used for date collection were taken were also
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submitted to Group B inspection. The results of these inspections are

given in Figures 2-65, 2-66, 267, and 2-68.

Vi Evaluation

Evaluation of the degree of success obtained in providing a mechae
nized production facility meeting the terms and conditions of the PEM
Contract can best be made by considering the results of the 2N559 Pilot
Run and the mechanized runs of the other codes. These runs essentially
represented an opportunity to evaluate the performance of the individual
machines, the contributions of the ummechanized processes to the various
device parameters, the ability of the various material handling compon-
ents to perform their particular functions, and the results of testing
and final inspection of the completed transistors.

All runs made were basically successful. While many problems
arose, none were of sufficient magnitude to require complete termination
of production. The experience of these runs, however, dictates that
certain safeguards be established to insure that transistors can be manu-
factured at the required production rate. These safeguards are listed
below:

1. Skilled operators with the ability to use good Judgement
should be used. These operators should be thoroughly
familiar with the operation of their machines or equip-
ment.

2. Quality control measures should follow all operations
which affect the product in any way. High capacity pro-
duction lines are particularly vulnerable to variations
caused by machine maledjustments or operator error.

3. Critical operations, whether mechanized or partially
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mechanized, should be controlled automatically, whenever
possible, rather than being placed under operator control.

. Special efforts should be mede to insure that all piece
parts meet specifications consistent with mechanized pro-
duction. Effort should also be applied to insure that all
variables are covered by specifications.

These safeguards are not unique, since they should be a part of
any production line. It ies important, however, that they be enforced
and continually checked for improvement particularly when applied to
high-volume production lines. Most of the mechanized equipment developed
under the PEM Contract was operated for the duration of the pilot and
mechanized production runs. The performance of these machines is dis=-
cussed in detail in the various individual machine reports. In summary,

a list of the machines developed under this contract together with the
Western Electric Company drawing numbers and the operating and mainten-
ance specification numbers for the machines is given in Figure 2-69.

The distributions of the electrical test values for the various
transistor codes shown in Figures 2«8 to 2-63 are normal bell-shaped
distributions for the most part. Those distributions which depart from
normal are discussed in the next few pages.

Figure 2=9, the BVEBO distribution for the 2N559 transistor, shows
that the specification limit of 5.0 volts minimum cuts away the lower por=-
tion of the distribution. This is caused by the diffusion cycle used
which is fixed to optimize the gain of the device at some sacrifice in
BV characteristics. Figure 2-11, the BV

EBO CES
shows & sharp drop on the upper end of the distribution. This drop is

distribution for the 2N559,

due to the inherent characteristics of the germanium material. The

diffused collector to base Junction breakdown voltage limits the upper
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values 61’ BVogg. The spreading of the lower values of the distribution
shows the effects of emitter alloying. This spreading is a function of
the variation in effective base width which is inversely proportional to
emitter depth.

The hgp distribution for the 2N559 transistor, Figure 2-15, is
cut off sharply at the lower value end. Devices with low gain character=-
istics are rejected on the pulse response rise time test, which eliminates
them from the distribution, since only good devices on all parameters have
been used. The large spread of the pulse response storage time test
values for the 2N559, Figure 2-18, is a result of the large spread of gain
values shown in Figure 2-15. The two parameters can be correlated as will
be noted by the approximaetely 4:1 spread of the values of each.

The BVopg distribution for the 2N560 transistor, Figure 2-20,
shows the same sharp drop on the upper end and the same spreading of the
lower values as was shown in Figure 2-11 for the 2N559. The reasons for
these conditions are also the same, namely, the inherent characteristics
of the silicon material and the effects of emitter alloying. The hgp
distribution for the 2N560 transistor, Figure 2-2L, also exhibits a sharp
cutting away of the lower values. These devices were rejected on the
various pulse response time tests and are, therefore, not included.

Figure 2«25, which shows the pulse response turn-on time values.
for the 2N560, exhibits the phenomenon of "operator favorite value".
While the distribution is normal, certain values of turn-on time are
favored by the operators taking visual readings from a meter. This re-
sults in certain cells containing a disproportionate number of devices
vhile adjacent cells contain fewer than normal devices. Other distribu-

tions will exhibit this phenomenon when manual test readings are taken.

34



The BVopg distribution for the 2N1051 transistor, Figure 2-31,
shows the same sharp drop on the upper end as the 2N559 and 2N560 distrie
butions for this parameter due again to the inherent limiting effect of
the silicon material. In addition, another effect is noted. The distri-
bution is bimodal which is caused by oscillations in a portion of the
transistors tested. These oscillations produce a reduced BV

CES
The oscillations are caused by the external circuitry providing a feed-

reading.

back loop. Since these devices were tested, s special socket has been
designed which eliminates this problem.

Figure 2-33, the VCE(sat) distribution for the 2N1051 shows an
abnormal gap in the 1.950-volt cell. It appears that there was a mal-
function in the digital comparator of the test equipment at the time
these tests were made. This malfunction, it is believed, caused an eight
to be printed as the second digit even though a nine waes indicatced.
Otherwise the distribution appears to be normal.

The hgp distribution for the 2N1094 transistors, Figure 2-42,
shows a sharp drop on its lower end. The devices whose gain values
would normally have fallen in these cells have been eliminated on the
noise figure, NF, test. The hgy, test for the 2N109kL, Figure 2-lk, shows
an abnormal curve which peaks near the specification limit of 1.0. This
is essentially an injJection test and the only criterion is that hfb does
not reach unity. Heating of the device during testing tends to incresse
the value of hey, and give the distribution a skewed effect.

Figure 2-46, the h,, distribution for the 2N109k4 shows several
gaps. These gaps are due in part to the operator favorite value phenomen=-
on since these readings were taken manually. In addition, it is necessary
for the operator to change read-out scales from time to time. When this

occurs, if the scales do not correspond exactly, it is possible that
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values near the extremes of the scales cannot be read. This condition
also appears to be present in the hy, distribution for the 2N109k,
Figure 2-47.

Several distributions for the 2N1195 transistor require comment
and evaluation. Figure 2-56, which shows the h

b
the high specification 1imit and then drops off very sharply. This is

distribution peaks near

due to the fact that electropolished germanium slices were used to fab-
ricate the wafers used during the mechanized run for this device.
Mechanically polished slices result in a normal distribution for this
parsmeter. Figure 2-57, the C(dep) distribution for the 2N1195 is cut

off very sharply by the maximum limit of 1.5 micro-microfarad. During

the mechanized production run over-size slice moating masks were in-
advertently used which resulted in larger than normal active areas. This
condition directly affects this parameter. The problem has been corrected
and C(dep) distributions are now normal.

The REh;, distribution for the 2N1195, Figure 2-61, is cut away
on its upper side by the 80-ohm specification limit. The diffusion
cycle for this transistor is peaked to give a better BVgp, distribution,
Figure 2-55, which has this detrimental effect on REhie' The BVCEO dis=~
tribution for the 2N1195, Figure 2-63, is cut away on its lower-valued
end by the specification limit of 20 volts. This is due to the use of
electropolished slices as mentioned earlier. Use of mechanically pol-
ished slices causes this distribution to peak 2 to 3 volts higher.

All distributions which depart from normal can be attributed to
assignable causes. Yields which resulted from the pilot run and from
the various mechanized production runs are not discussed in this report
since they are .onsidered proprietary data by the Western Electric

Company. These yields, however, when corrected for various known and
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assignable differences, were normal ror this type of operation.

Evaluation of Group B inspection results indicates that all lots
tested behaved in normal fashion. In no case were the allowable number
of failures exceeded for any examination or test. In only three cases
were the allowable number of failures equaled. 2N559 Lot Number 185P had
two units fail Subgroup 4. This was probably a result of veriations in
wire bonding reliability during the early part of the pilot run while
operators were still gaining experience and the process was being op=-
timized. 2N559 Lot Number 188P had three units fail Subgroup 7. One of
these failures turned out to be a testing failure destroyed during end
point testing. The other two were devices whose leakage current readings
shifted slightly out of limit. This, it is felt, represents a normal
result for 2N559 Group B inspection. 2N1051 Lot Number 82 showed two
failures on Subgroup 2. This was a result of a change in the shop test-
ing limits for this device. During the period that Lot 82 was being
processed, a new semi-automatic test set was introduced which was set up
with test limits closer to the specification 1limit than formerly used.
The two failures just barely failed the specification limit for the sube
group.

While the mechanized production line is & reality and has been
operated in production, it is not claimed that all machines are problem=-
free or that all processes are optimized. Considerable effort is planned
for Phase 2 of this Contract to update certain machines and to refine
certain processes. Additional mechanized production runs will be made

at the end of 1963 to evaluate the progress made during this phase.

VII Conclusions

The following conclusions are gathered from this report:
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1.

A mechanized production line consisting of prototype
machines and associated tooling and facilities with a
capacity meeting contract requirements has been provided.
A 2N559 pilot run and 2N560, 2N1051, 2N1O9k4 and 2N1195
mechenized production runs were made on the mechanized
line. These runs resulted in an output of good transise-
tors meeting the applicable specifications. As proved
by these runs, the line can be operated and will produce
good product.

Distributions of test parameter values for all codes are
normal with certain exceptions for which there are known

assignable causes.
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PACKAGED 2N559 TRANSISTOR
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FIGURE 2-7



'_____l

TRANSISTOR TYPE - 2N559
IEBO DISTRIBUTION OF 500 UNITS
Bias: VEB = -1 vde

Limit: 5.0 uAdc Max.

FIGURE 2-8

15 30 45 60 75 90 105 120 135 150 165 180 195
NUMBER OF UNITS

[y

(O T NS IR T N T R NN Ko

O W IO T W N

TRANSISTOR TYPE - 2N559

BVER) DISTRIBUTION OF 500 UNITS

15.50 Bias: IE = =200 uAde

Limit: 5.0 vdc Min.

FIGURE 2-9

10 20 30 40 530 60 70 80 90 100 110 120 130
NUMBER OF UNITS



.9
1.0 TRANSISTOR TYPE - 2N559
1.1
1.2 J Iopo DISTRIBUTION OF 500 UNITS
1.35 1 V., = -5.0 Vdc
1.45 Bias: Veg = -3-
1.5 Limit: 3.0 uAdc Max.
1.65
1.75
1.85 FIGURE 2-10
1.95

HI

10 20 30 40 50 60 70 80 90 100 110 120 130
NUMBER OF UNITS

TRANSISTOR TYPE - 2N559
BVCES DISTRIBUTION OF 500 UNITS
Bias: Io = =100 uadc
Limit: 15.0 vdc Min.

FIGURE 2-11

S 10 15 20 25 30 35 40 45 30 85 60 65
NUMBER OF UNITS

b7



TRANSISTOR TYPE - 2N559
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TRANSISTOR TYPE - 2N539
Vog(sat) DISTRIBUTION OF 500 UNITS
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FIGURE 2-17
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NUMBER OF UNITS



LO
11.2
13.7
16.2
18.7
21.2
23,
26,
28.7
31.2
33.7
36.2
38.7
41.2
43.7
46.2
48.7
51.2
53.7
56.2
58.7
61.2
63.7
66.2
68.7
71.2
73.17
76.2
78.7
8l.2
83.7
86.2
88.7
91.2
93.
96.2
98.7

HI|

10

15

20

TRANSISTOR TYPE - 2N559
t! DISTRIBUTION OF 500 UNITS
Bias: IB(l) = -1 mA

IB(2) = 0.25 mA

vcc = -3.5 vde

Limit: 95 ns Max.

FIGURE 2-18

25 30 35 40 45 50 55 60
NUMBER OF UNITS

65
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0032
0037 TRANSISTOR TYPE - 2N560

0042 1 DISTRIBUTION OF 250 UNITS
0047 CBO

0052 Biae: VCB = 20 vde IE =0

Limit: 0.1 uAdc Max.

FIGURE 2-19

40 45

25 30 35
NUMBER OF UNITS

15 20

77.5 TRANSISTOR TYPE - 2N560

817.5 ' BV.gg DISTRIBUTION OF 250 UNITS

: 10 uAde
97.5 Biars IC =

102.5 Limit: 60 Vdc Min.
107.5 !
112.5

117.5 J FIGURE 2-20

) 10 15 20 25 30 35 40 45 S0 S5 60 65
NUMBER OF UNITS
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10.25

10.78 l_:]
11.25

11.75 TRANSISTOR TYPE - 2N560
12.25

BVEBC DISTRIBUTION OF 250 UNITS

Bias: IE = 10 uAdc
Limit: 8 vdc Min.

FIGURE 2-21

5 10 15 20 25 30 35 40 45 590 55 60 65
NUMBER OF UNITS

TRANSISTOR TYPE - 2N560

.7825

.7875 VBE(sat) DISTRIBUTION OF 250 UNITS
.7925

.7975 Biag: Ic = 10 madc

.8025

8075 IB = 0.4 madc

Limit: 0.7 vdec Min.

8175

8225 0.9 vdc Max.
8275

8325

8175 FIGURE 2-22

5 10 15 20 25 30 35 40 45 S0 55 60 65

NUMBER OF UNITS

53



.155g
.1650
.1750
.1850
.1950] ]
.20500 |
.2150] |
.22501 |
.235Q

.2450

. 2550 TRANSISTOR TYPE - 2N560
. 2650
.2750 VCE(sat) DISTRIBUTION OF 250 UNITS
. 2850

. 2950 Bias: Ic = 10 mAdce

.3050 I, = 0.4 mAdc
.3150 B

.3250 Limit: 0.5 vdc Max.
.3350

. 3450
.3550 FIGURE 2-23

.3650
.3750
.3850
.3950
. 4050
.4150
. 4250
.4350
. 4450

HI

5 10 15 20 25 30 35 40 45 50 55 60
NUMBER OF UNITS

TRANSISTOR TYPE -~ 2N560

72.3 hpg DISTRIBUTION OF 250 UNITS
77.

::‘;’5 Biass Veg = 5 vde

92:5 Ic = 100 madc
97.5

102.5 Limit: 20 Min.

107.5

112-2 FIGURE 2-24

10 15 20 25 30 138

NUMBER OF UNITS

40 45

65

65



31.0 TRANSISTOR TYPE - 2N560

td*tr DISTRIBUTION OF 250 UNITS

I | Bias: V. = 5 vdc

J Vee(o) = ©

- vBE(l) = 0.9 vdc
Limit: 60 musec Max.

FIGURE 2-25

5 10 1 25 30 35

NUMBER OF UNITS

23.0 TRANSISTOR TYPE - 2N560

t.+tf DISTRIBUTION OF 250 UNITS

29.0 Biae: V_. = 5 vdc

31.0 ce

33.0 4]13(1) = 0.5 mAdc
35.0 L=

35.0 — Vap(s) * -1-5 Ve
39.0 Limit: 50 musec Max.

FIGURE 2-26

1 20 25 30 35

NUMBER OF UNITS

5



103 TRANSISTOR TYPE - 2NS60
t'ﬂ:f DISTRIBUTION OF 250 UNITS
Bias;s vcc = § vdc

145
15 -

o Ig(y) * 0-5 mAde
175 Iggy = 0.5 mAde
185

Limit: 250 musec Max.

FIGURE 2-27

5 10 15 20 25 30 35 40 45 S50 S5 60 65
NUMBER OF UNITS

4.0
4.1
4.25
4.35
4.45
4.55
4.6
4.7
4.85 TRANSISTOR TYPE - 2N560
4.95 C.. DISTRIBUTION OF 250 UNITS
5.05 L__________]--_-_j:
5.15 Bias: Vv._ = 5 vde
5.25 cs
5.35 (I Ig=0
5.45 ] Limit: 8 uuf Max.
5.55 L__:I
5.65
5.75 FIGURE 2-28
5.85
5.95
6.05
6.15
6.25
6.35
6.45
HI

5 10 15 20 25 30 35 40 45 S50 S5 60 65
NUMBER OF UNITS
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.0012 l

TRANSISTOR TYPE -~ 2N1051

-0042 I... DISTRIBUTION OF 250 UNITS
0047 cBo

0052 Biae: VCB = 20 vdc

.008

006 Limit: 0.1 uAdc Max.

. 006

FIGURE 2-29

5 10 15 20 25 30 35 40 45 S0 55 60 65
NUMBER OF UNITS

TRANSISTOR TYPE - 2N10S51
BVCEO DISTRIBUTION OF 250 UNITS
Biar: I, = 1 mAdc
Limit: 40 vdc Min.

FIGURE 2-30

5 10 15 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS
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82.%

87.
92.5

97.5%

lo02.
107.
112.5
117.
122.5

TRANSISTOR TYPE - 2N1031

Bias:

Limit:

127.8
132.%
137.5%
142.5
147.5

25 30 35 40

NUMBER OF UNITS

H

I

C

BVCES DISTRIBUTION OF 250 UNITS
= 20 uAdc

80 vde Min.

45

J

PIGURE 2-31

50 55 60 65

TRANSISTOR TYPE -~ 2N1051

BV.
Bias: I

Limit:

50 60 70 80

NUMBER OF UNITS

E
8 Vdc Min.

EBO DISTRIBUTION OF 250 UNITS

10 uade

FIGURE 2-32

90

100 110 120 130
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1.350 TRANSISTOR TYPE - 2N1051
Vog(sat) DISTRIBUTION OF 250 UNITS
1.65 Blae: I, = 50 mAdc

1.850 i Iy = 2 mAdc

Limit: 3.0 Vdc Max.

FIGURE 2-33

5 10 15 20 25 30 35 40 45 S0 55 60 65
NUMBER OF UNITS

TRANSISTOR TYPE - 2N10S51

he

52.5

57.50 Blae: I, = -5 mAdc

62.5 -

67.50 Veg = 5 Vac

72.5 Limit: 30 Min. 100 Max.
77.5

FIGURE 2-34

5 10 15 20 25 30 35 40 45 30 55 60 65

NUMBER OF UNITS

DISTRIBUTION OF 250 UNITS
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ot £

11.2

12.2

12.7 TRANSISTOR TYPE - 2N1051

13.2

13.78 hib DISTRIBUTION OF 250 UNITS

14.2 Biae: Ig = -5 mAde Veg * 5 vdc

Limit: 15 ohme Max.
FIGURE 2-35

5 10 15 20 25 30 35 40 45 S50 55 60 65
NUMBER OF UNITS

112 |

TRANSISTOR TYPE - 2N1051

ft DISTRIBUTION OF 250 UNITS

137 Biae: I!.' = 5 mAdc £f = 20 me
14
147 ch = 5 vde

Limit: 80 mc Min.

FIGURE 2-36

5 10 15 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS
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r__J

TRANSISTOR TYPE - 2N1051

('2ob DISTRIBUTION OF 250 UNITS

Blas: Ip = 0 VCB = 5 vdc

Limit: 7 uuf Max.

FIGURE 2-37

OO OO e e e dddddddbw WWWWWwWWWW
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5 10 15 20 25 3¢ 35 40 45 50 55 60 65
NUMBER OF UNITS

TRANSISTOR TYPE - 2N1094
Icm DISTRIBUTION OF 250 UNITS

Bias: vc8
Limits 5 uadc Max.

475
525 TIGURE 2-38
578

‘.___J

= -20 vdc

5 10 15 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS
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TRANSTSTOR TYPE - 2N1094
BVeno DISTRIBUTION OF 250 UNTTS
Bias: Ic = =100 uadc

Limit: 30 Vvdc Min.

PIGURE 2-39

30 35 40

NUMBER OF UNITS

TRANSISTOR TYPE - 2N1094
BVEBO DISTRIBUTION OF 25C UNITS
Biass I = «100 uadce
Limits 1.0 Vdec Min.

FPIGURE 2-40

5 10 28 30 3%
NUMBER OF UNITS

40 4 65
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TRANSISTOR TYPE - 2N1094

23.50 BV... DISTRIBUTION OF 250 UNITS
24.50 CEO
25.5 Bias: Ic = =100 uAdc

27.50 Limit: 15 vdc Min.
28.50
29.5 FIGURE 2-41

5 10 15 20 25 30 35 40 45 50 S5 60 65
NUMBER OF UNITS

53.00 TRANSTSTOR TYPE - 2N1094

hPE DISTRIBUTION OF 25C UNITS

59.0 niass I_ = -4 mAdc V.. = -6 Vdc
61.00 c CE

63.00 Limits 15 Min.

65.00

FIGURE 2-42

5 1 15 20 25 30 35 40 45 S0 5% 60 65

NUMBER OF UNITS
63



TRANSTSTOR TYPT - 2N1C94
hfb DISTRIBUTION OF 250 UNITS
Bias; VCB = -6 Vdc IE = 4 mAdc
Limit: C.96 Min, 0,995 Max,

1o

1¢

15

20

FIGURE 2-43

25 30 35 40 45 S50 55 60 65
NUMBER OF UNITS

TRANSISTOR TYPE - 2N1C94

h DISTRIBUITION OF 25C UNITS

£fh

Biass V., = -1C vdc II-: = 10 mAdc

Limit: 1.0 Max.

FIGURE 2-44

15

20

25 3C 35 40 45 S0 55 60 65
NUMBER OF UNITS



.9

1.1

1.3

1.5

1.70

1.9

2.1

2.3

2.5

2.7

2.9 TRANSISTOR TYP® - 2N1094

3.1

3.3 hp, DISTRIBUTION OF 250 UNITS
3.5 - -
3.7 Biass Vc,i = -6 vdc IB = 4 madc
3.9 Limit: 2C umhos Max.

4.1C

4.30

4.50

PIGURZT 245

5 10 15 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS

R

.71

.8

.8

.9

: 2
1.02
1.07

1.1 .|

1.1

1.2 _

1.2

1.3

1.3

1.4
1.4

1.5 TRANSISTOR TYPE - 2N1094
1.5 h_,, DISTRIBUTION OF 250 UNITS
i: Bias: V., = -6 Vdc I, = 4 mAdc
1.7 Limit: 3 X 10~ Max.
1.7

1.8 PIGURE 2-46

1.87

25 30 35 4C 45 S0 55
NUMBER OF UNITS

5 1 15 20
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TRANSISTOR TYPE - 2N1C94

hib DISTRY3UTION OF 250 UNITS

[o}:] E
Limit: 15 ohms Max.

FIGURE 2-47

5 10 1S 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS

TRANSTSTOR TYPE - 2N1(94

NF DISTRI3UTION OF 250 UNITS

Bias: VCB = -6 vdc IE = 4 madc

f=2me

Limit: 12 dh Max.

NN NIN
w0y Ut O N

FIGURE 2-48
J

.
SN NS
"o

OOV OMIIR OV e
. .
U

S 10 15 20 25 30 35 40 45 S50 55 60 65
NUMBER OF UNITS

Bias: V.. = -6 vdc I. = 4 mAdc



1.228 TRANSTISTOR TYPE =~ 2N1094

1.275 €, (dir) DISTRIBUTION OF 250 UNITS
1.328 cb

1.37% 3ias: VCB = -6 vde IE: =0
1.425 -

.42 £ = 100 ke

Limit: 2.5 uuf Max.

]  FIGURE 2-49

1.675
1.72
1.775

5 lc 15 20 25 30 35 40 45 5S5C 55 60 65
NUMBER OF UNITS

| - 4
16.5 TRANSISTOR TYPE 2N109

16.7 he

16.8 Bias: V,q = -6 Vdc I, = 4 mAdc

17.08 f = 1CC mc

e DISTRIBUTION OF 25C UNITS

Limit:s 15 db Min.
17.45 FIGURE 2-50

§ 10 15 20 25 30 35 4c 45 50 55 60 65
NUMBER OF UNITS
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TRANSISTOR TYPE - 2N1(9%4
Ivu:‘.'hie DISTRTBUTION OF 250 UNITS
Bias; VCB = «6 Vde IE = 4 mAdc
£ = 250 me

Limit: 150 ohms Max.

FIGURE 2-51

15 20 25 3¢ 35 45 65

NUMBER OF UNITS

40

.085 TRANSISTOR TYPE - 2N1094

ICBO DISTRIBUTION OF 250 UNITS

= =26 vdc T, = -15°¢

Bias: V A

cB
3 uAdc Max.

.135 Limit:

1¢c 20 30 40 50 60 70 80 9C 100 110 120 130
NUMBER OF UNITS



TRANSI3TOR TY?E - 2N1195

ICBO DISTRIBUTION OF 25C URITS

3ias: VCB = =2C¢ vdc

Limit: 5 uAdc Max.

FIGURE 2-53

1S 20 25 3¢ 35 4 45 S0 58
NUMBER OF UNITS



32.50 TRANSISTOR TYPE - 2N116%

33.50
34.5 BVCBO DISTRIBUTION OF 250 UNITS
35.5 plas:s T _ = =100 uade

<
Limit: 3C vde Min.

FIGURE 2-54

L

5 1¢ 15 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS

TRANSISTOR TYPE - 2N1195

3Vgno DISTRIBUTION OF 250 UNTITS

4.3 -

4.5 Bias: IE = «100 uAdc
4.7 Limits 1.0 Vdc Min.
4.9

5.1

5.3

.8 FIGURE 2-55

5.7

5.9

5 10 15 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS
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TRANSISTOR TYPE - 2N119%
hfb DISTRIBUTION OF 250 UNITS
cB
Limit: 0.96 Min. 0.995 Max.

FIGURE 2-56

5 10 15 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS

TRANSISTOR TYPE - 2N1195

C(dep) DISTRIBUTION OF 250 UNITS
Bias: ch = =10 vdc IE =0
Limit:s 1.5 uuf Max.

FIGURE 2-57

1.

o b b2 s g e
.

5 1C 15 2 25 3C 35 40 45 50 55 60 65
NUMBER OF UNITS

Bias: V. = <10 vdc IE = 10 made
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TRANSTISTOR TYPE - 2N1195
hib DISTRIBUTION OF 250 UNITS
Bias: VCB r 10 Vdc IE = 10 mAdc

Limit: 1C ohms Max.

PIGURE 2-58

3¢ 35 4C 45 S0 55 60 65

NUMBER OF UNITS

1c

20

30

40

1

50

TRANSISTOR TYPE -~ 2N1195

h_,, DISTRIBUTION OF 250 UNITS
Bias: VCB = =10 vdc I!.' = 10 mAdc
Limits 3 X 1073 Max.

FIGURE 2-59

60 70 80 90 100 110 120 130

NUMBER OF UNITS
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. TRANSISTOR TYPE - 2N1198
hob DISTRIBUTION OF 250 UNITS

Bias: vcB s 10 vde I‘ = 10 made

* I: Limits 20 umhos Max,

FIGURE 2-60

OO VYV O~V VNMLe aW WNNDKEM
.

o

5 l0 15 20 25 30 35 40 45 50 55 60 65
NUMBER OF UNITS

TRANSISTOR TYPE - 2N1195
REhie DISTRIBUTION OF 250 UNITS

65 = - =
6 Bias: Ver * 10 vac IE 10 mAdc
69, £ = 250 me

Limit: 80 ohms Max.

FIGURE 2-61

5 10 15 20 25 30 35 40 45 50 S5 60 65
NUMBER OF UNITS
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13,
14.2
14.7

TRANSISTOR TYPE - 2N1195
hf. DISTRIBUTION OF 250 UNITS
Biass Vc! = =10 vde IE = 10 made

7.7
ie. f =2 100 me
18.7 Limit: 12 db Min,
19. FIGURE 2-62
19.7

25 3¢ 35
NUMBER OF UNITS

40

27.5 TRANSISTOR TYPE ~ 2N1195

28.5 8V . DISTRISUTION OF 250 UNITS
29. CcEO
30. Riass T

c = ~5 mAdc tp £ 100 msec
Duty Cycle ¥ 15%

Limit:s 2C vdc Min.

FIGURE 2-63

1C 20 30 40 50 60 70 8 90 lce 110 120 130

NUMBER OF UNITS
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SUMMARY OF 2N559 PILOT RUN GROUP B INSPECTION

EXAMINATION OR TEST

Subgroup 1
Physical Dimensions

Subgroup 2

Moisture Resistance

Subgroup 3

Tension
Solderability
Temperature Cycling
Thermal Shock
Moisture Resistance

Subgroup 4

Shock

Constant Acceleration
Vibration Fatigue
Vibration, Variable Freq.

Subgroup 5

Terminal Strength -
Lead Fatigue

3 Subgroup 6

High Temperature Life
(Non-Operating)

Subgroup 7

High Temperature Life
(Non-Operating)

Subgroup 8
Steady State Operation Life

End Point Lot No. in
Tests No. Sample
185p 78
None 187p 78
188p 78
I 185p 266
Iggg 187 266
nC2 188p 266
I 1857 78
Iggg 1870 78
s> 188p 78
I 185p 78
Ifgg 187p 78
he 188p 78
FE
185p 78
None 187p 78
i88p 78
1 185p 1152
Iggg 187p 1152
oo 188p 1152
I 185p 231
Iggg 1870 231
G2 188p 231
I 185p 116
Iggg 187p 116
heD 188p 116
FIGURE 2-64

No. of
Failures
Minor Major
0 0
0 0
0o 0
0 0
0 0
0 0
0 0]
0 0
0 0
2 0
1 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
3 0
0 0
0 0
1 0

Failur
Permitt
Minor M

75



SUMMARY OF 2N560 MECHANIZED RUN GROUP B INSPECTION

Lot No. 206 - 10,000 Devices

EXAMINATION OR TEST

Subgroup 1
Physical Dimensions

Subgroup 2

Soldering
Temperature Cycling
Thermal Shock
Moisture Resistance

Subgroup 3
Shock
Constant Acceleration

Vibration Fatigue
Vibration, Variable Frequency

Subgroup 4
Lead Fatigue

Subgroup 5
Storage Life

* Demerits Permitted

End Point
Tests

None

1m0
B E(sat)
CES

I

sa

None

Irmo
E(sat)
BSéEs

FIGURE 2-65

No. in No. of

Sample Failures

52 0
32 0
32 0
32 0
105 0

76

Failur
Permitt

83*



SUMMARY OF 2N1051 MECHANIZED RUN GROUP B INSPECTION

Lot No. 82 - 2,350 Devices

EXAMINATION OR TEST

Subgroup 1
Physical Dimensions

Subgroup 2

Low Temperature Operation
Subgroup 3

Soldering

Temperature Cycling

Thermal Shock
Moisture Resistance

Subgroup 4

Shock

Constant Acceleration
Vibration, Fatigue

Vibration vVariable Frequency

Subgroup 5
Lead Fatigue

Subgroup 6
Storage Life

* Demerits Permitted

End Point No. in No. of Failures
__Tests Sample Failures Permitted
None 52 0 83~
hfe 52 2 2

I

1;%20 52 0 2
CES

I

hcgo 52 0 2
CES

None 52 0 2

I

he 105 0 2
CES

FIGURE 2-66



SUMMARY OF 2N1094 MECHANIZED RUN GROUP B INSPECTION

Lot No. 58 -~ 2,000 Devices

End Point No. in No. of Failures

EXAMINATION OR TEST Tests Sample Failures Permitted
Subgroup 1

Physical Dimensions None 52 0] 87*
Subgroup 2

Soldering

Temperatirs veling ko 2 ;

Moisture Resistance
Subgroup 3

Shock

i ey Jem 2 o ;

Vibration variable Frequency
Subgroup 4

Lead Fatigue None 32 ] 3
Subgroup 5

Thermal Resistance OJ_A 32 0 3
Subgroup 6

Storage Life l?x(f:gw 52 0 2
* Demerits Permitted

FIGURE 2-67
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SUMMARY OF 2N1195 MECHANIZED RUN GROUP B INSPECTION

Lot No., 160 -~ 2,000 Devices

End Point No. in No. of Failures
EXAMINATION OR TEST Tests Sample TFailures Permitted
Subgroup 1
Physical Dimensions None 52 0 87*
Subgroup 2
Soldering
PpRstis Syelias oo 2 o a
Moisture Resistance
Subgroup 3
Shock .
iyl em 2 o s
Vibration variable Frequency
Subgroup 4
Lead Fatigue None 32 0 3
Subgroup 5
Storage Life %ggo 52 0 2
* Demerits Permitted
FIGURE 2-68
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CONTRACT

ITEM NO.

6-2-1
6-2-2
6-2-3
6-2-4
6-2-5
6-2-6
6-2-7
6-2-8

6-2-9
6-2-10

6-2-11
6-2-12
6-2-13
6-2-14

6-2-15
6-2-16
6-2-17

6-2-18

6-2-19
6-2-20

MACHINE REFERENCE NUMBERS

PEM CONTRACT DA-36-039-SC-72729

MACHINE

Cleaning Header Lead Wire
Plece Part Cleaning

Piece Part Gold Plating
Platform Lead Welding

Header Assembling

Header Glassing

Header Lead Trimming

Strip Perforating & Welding #1
Strip Perforating & Welding #2
Header Continuous Rack Plating

Can Getter Assembling

Slice Scribing

wafer Breaking, Screening & Loading

Wafer Bonding
Wire Bonding #1
Wire Bonding #2
Final Cleaning
Closure Welding
Card Loading

Testing & Date Stamping - 2N559

Dsta Handling

Card Packaging

FIGURE 2-69

WECO
DRAWING
NUM BER
C-281603
C-281625
C-281709
C-281580

Cc-281584
Cc-281710
C-281586
C-281601
C-281601
C-281602

C-281676

C-281597
C-281690
C-281596
C-281674
C-281664
C-281606
C-281663
C-281669

SID-306273

Cc-281623

SID-306411
SID-306493

C-281662

OPERATING
MAINTENANC.
_SPEC. NO.

21952
21914
21968
21943
21908
21951
21909
21911
21911
21912

21956
21958

21910
21915
21913
21937
21938
21936
21950
21940

21948

21959
21939



SECTION 3

MECHANIZED OPERATIONS

Tnis section contains narratives on each of the 20 mechanized opera-
tions developed during Phase 1 of the Contract. An additional narrative
reviews development of tooling for a Can Punching and Coding operation.
Each narrative contains a description of the prototype machine as well
as a review of its development, operational problems, and performance.

The Strip Perforating and Welding and the Wire Bonding narratives also
review development of one extra machine for each operation.

As stated earlier, reductions in production requirements made it
feasible to combine the mechanized production lines being provided under
this Contract and Contract No. DA-36-039-SC-81294. The following machines
of the latter Contract can be used for 2N559-2N1094 production as well as

2NS560-2N1051-2N1195 production of that Contract:

Operation No. Machines
Cleaning Header Lead Wire 1
Wafering 2
Wafer Screening 1
Wafer to Header Bonding 2
Painting and Coating 1
Coding 1
Packing 1

Nests and header handling mechanisms on the above Wafer to Header Bonding
Machines must be changed whenever 2N559 or 2N1094k production is to be
run. Similar changes must be made on the Painting and Coating and the

Coding Machines before processing 2N559 or 2N1094 transistors. These

81



changes are necessary because 2N559 and 2N1094 transistors are T0=-18
devices and 2N560, 2N1051, and 2N1195 transistors are T0-5 devices.
Since the original method of identifying 2N559 treansistors was
unsatisfactory and transistor production requirements were reduced, the
Coating Machine designed to apply a protective finish to 2N559 transise
tors was deleted from this contract. All finishing and coding of 2N559
and 2N1094 transistors will now be performed on the Painting and Coating
and the Coding Machines developed under Contract No. DA-36-039-SC-8129L.
A recent proposal to modify the contract, technically accepted
December 19, 1962, changed the title of the Card Trimming and Packaging
Operation to Card Packaging. This proposal also deleted the Testing and
Date Stamping Operation for 2N1094 and 2N1195 transistors, and trans-
ferred Can Punching and Coding from the list of machines to the Special
Tooling and Test Equipment category. A commercial punch press is used
for Can Punching and Coding; only special tooling for this cperation was
developed under the Contract. A narrative on this development is in-
cluded in this section inasmuch as considerable effort was expended per-
fecting tooling for code embossing. Narratives in the following sub-
sections cover all mechanized equipment completed by December 31, 1962

as contracted in the proposed contract modification technically accepted.
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SECTION 3.1

CLEANING HEADER LEAD WIRE

R. W. Ingham
Q. L. Schmick
General

Description of Machine
Machine Development
Operational Problems
Evaluation

Conclusion

llustrations
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CLEANING HEADER LEAD WIRE

I Generel

The Cleaning Header Lead Wire process is used to prepare precut
lead wires for subsequent glass-to=metal sealing. To effect a reliable
seal, it is necessary to remove all foreign matter from the surface of
the lead and to remove the impurities from the surface straits of the
materiael. Although the sealing process requires an oxide layer on the
lead, Header Glassing developments during Phase 1 led to eliminating leed
oxidizing on this machine. Mechanization of the Header Assembly Operation,
however, necessitated two additional requirements-the removal of burrs
and the maintenance of straight leads.

leads provided by manual processing became bent during processing
and the resulting product was not suited for the mechanized Header
Assembling operation. Since a very high percentage of the menually
cleaned leads had camber which hampered the performance of subsequent
mechanized equipment, it became neeessary to find a different process.
With the introduction of electropolishing on the Cleaning Header Iead
Wire Machine, the burr is removed and lead straightness is maintained.

At the seme time, the rate was increased and the yield was improved.

I1 Description of the Machine

All operations are performed in stations located around a single
turret continuous motion machine (Figure 3.1-1). The drive consists of
a 1/2-horsepower motor driving a pulley located on the lead loading
station (Figure 3.1-2) through a variable speed drive and a 600 to 1
reductor. Timing belts, used in conventional fashion, connect the

various components to the driver pulley. A special length and width
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timing belt used in reverse fashion connects the driver pulley through a
series of idler pulleys to the turret. The lead feeding drum is driven
from an auxiliary pulley on the main drive through a spring plunger
clutch. The diameter of the driver pulley is machined specially so that
the resulting belt and turret speed 1s the same as the speed of the leads
in the slotted drum. Thus, on the lead loading station (Figure 3.1-3)
when the belt, turret, and leads in the drum are all mutually tangent

at the point of transfer, there is no relative motion between these
components .

Precut leads are degreased prior to delivery to the machine. The
bperator loads bundles of 3000 leads vertically in the hopper of the
loading station (Figure 3.1-2). A duplicate hopper is provided so that
one can be loaded while the other is in operation. The pusher forces
the leads to spread out across the serrated face of the drum. As the
drum rotates, the leads are forced into the slots one~at-a-time and are
allowed to escape from the pack. They are transported around to the
periphery of the turret where the belt then transfers and clamps the
leads to the turret (Figure 3.1-3).

The electropolishing or cleaning is performed at the next station.
The electropolishing solution presently being used is Battelle Super
Surfacing Electropolishing Solution, but other solutions could be used.
The cleaning tank was fabricated from Carpenter #20 stainless steel be-
cause of its resistance to corrosion in the presence of sulphuric acid.

The tank is constructed to allow the entry of the lead through
a weir with from 1/4 to 3/4 inch of the lead immersed. As a small amount
of acid spills over the entrance and exit weirs, it empties into an outer-
shell type tank where it is heated and recirculated. During the recir-

culation cycle, the acid passed over a heat exchanger which serves a
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dual purpose that of cooling the acid and heating the rinse water. When
the leed contacts the acid, which is between 55 and 60°C, electrolytic
action starts. Since the lead is used as the anode, its diameter is re=-
duced between .0006 and .0008 of en inch. Passing through the exit weir,
the lead continues to the rinse station.

The rinse tank, which is designed with the same type of weir,
mainteins a liquid level approximately l/h inch higher than in the acid
tank to sssure that the entire electropolished area is rinsed.

Passing through the exit weir, the lead enters a spray rinse
chamber. Here heated water is pumped through spray nozzles onto the
leads. The impinging sction of the spray loosens adhering residue and
rinses it away. After rinsing, the lead is transported to the drying
station where heated dry air is blown against the leads to remove excess=-
ive water. Infrared lamps are used to complete the drying at this
station. The air nnzzles and the lamps are enclosed to prevent rinse
water from being blown about.

As the lead continues, it pesses through the oxidizing station,
an optional operation. At this station, radio-frequency energy is used
to heat the lead. The lead is heated in the atmosphere where oxygen is
extracted to form the oxide. The radio-frequency generator is placed
alongside the machine adjacent to the work coil which is water cooled
and shaped to fit the curvature of the turret. Two heating plates,
which are also shaped to the curvature of the turret, are heated by the
radio-frequency coil. This heat is then transferred by radiation to the
lead as it passes between the plates. As the leads leave this station,
they pass & sensing switch connected to a Veeder-Root impulse counter
(Figure 3.1-l4) and then continue to the unloading station.

At the unload station the belt is removed from the periphery of
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the turret by the belt roll. This releases the lead and allows it to
fall through the unload tube into one of the lead bins. 8ince all leads
fall with identical orientation, no special effort 1s required to ordent
them for use in the mechanized Header Assembling operation. When 3000
leads have been counted, an empty bin is indexed to a point directly
under the feed tube. The operator removes the end or the full bin and
places the leads in a storage bottle which is delivered to the Header
Assembling Machine.

Both the mechanical and the electrical systems utilize well=known
techniques to mechanize this operation. Because the acid is especially
corrosive, special materials are used to handle it.

The operator's duties are to load and unload the machine and
machine surveillance, especially temperature and concentration of the
acid. The control panel which is within easy reach of the operator
houses the gages and indicator lights which denote the condition of the

machine.

111 Machine Development

When this process was done‘manually, a decarburization furnace
was used which necessitated seven operations = unioad bottle, 1gad basket,
orient leads in basket, load basket in furnace, decarburize, separate
leads and orient to load bottle. (Figure 3.1~5 graphically illustrates
the mechanized and manual process.) The degreased leads were delivered
to the decarburization furnace in storage bottles containing approxie
mately 3,600 leads. They were unloaded from the bottle and divided into
four stainless steel wire baskets. The baskets were then loaded into a
manually fed furnace. After approximately 30 minutes ekposure to the
hydrogen atmosphere in the furnace, the baskets were manually moved to a

cooling area near the unloading end of the furnace. When the baskets were
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properly cooled, they were pulled from the furnace and the leads were
piled on a work table. Operators would then separate the leads and re-
pack them in clean bottles for transfer to the oxidation operation.
Since the temperature for the decarburization process was 1100°C, most
of the leads would warp due to relief of the working stresses in the
material, and some would stick together. When the operator separated
the stuck leads, additional bending often occurred. The combined rate
was 2600 leads per hour including bent or werped leads. The bent and
wvarped leads rendered the entire lot useless in the automatic lead
feeders of the Header Assembly Machine, but were usable for manual
assembly.

To extend the use of the mechanized equipment, the primary objece~
tive was to find a process which would limit the deformation of leads
during cleaning and oxidation. There was also a secondary objective of
burr removal. These two objectives were accomplished by a process known
as "electropolishing." This process can be compared to reverse electro=
plating. 1In this machine the lead becomes the anode which transfers ions
into the acid solution and, subsequently, to a cathode which is the tank
itself. The nate at which leads are processed is a direct function of
current concentration and time of exposure.

During the development a small tank was made to determine the
feasibility of the electropolishing technique. Although these leads
were done on a batch basis, the results obtained were very encouraging
and we could foresee a way of combining lead cleaning with a machine
controlled oxidizing operation. The combined operations eliminated most
of the manual handling and, in turn, eliminated the cause of bent leads.
Later developments in Header Glassing, Seetion 3.6, eliminated the need

for pre-oxidation.



Iv Operational Problems

During prove~in the heating plates, which are used as a mass to
create a magnetic couple, warped and arced across either the leads or the
radio=frequency coil. Arcing across the leads caused no major problems,
but arcing to the coil caused the water=cooled coil to leak. After
approximately three weeks of continued heating, the plates became anneal-
ed and warping stopped.

Another problem involved the drum of the lead loader. The leads
would not fit into the serrations of the drum since there were burrs on
the ends. An undercut, added to the drum in the zone where burrs would
touch, improved lead feeding; however, a more significant improvement
was noticed after the lead supplier decreased the size of the burrs.

After the prove-in phase, this machine was installed in the pro-
duction area for shop trial runs. Shortly after this, the lead length
was shortened one inch. New weirs were added to the tanks to raise the
liquid levels, and.l spacers were used to elevate the radio-frequency coils
to the appropriate height. Also at thistime, developments of Header
Glassing proved conclusively that pre~oxidation before assembly was not
necessary to meke a good glass-to-metal seal. Since clean, straight
leads are still necessary, the machine has been running its production
trials without using the oxidation station.

During the shop trial period & new problem was encountered ine
volving a high carbon content in the material from which the leads were
made. Since the electropolishing cycle was set to remove a given amount
of materisl, the excessive carbon was not entirely removed. The residual
carbon was later removed as gas during the glassing operation and caused
bubbles im the glass. To remedy this, we changed the material specifie-

cation to use a vacuum melted alloy with a lower limit on carbon.
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The pilot run was completed in a period of three months. During
this time 1,500,000 leads were processed at an average rate of 4500 leads
per hour. Although the yleld was high, there were some rejects due
primerily to handling. There were no piece part problems. The only
maintenance involved was the replacement of two infrared drying bulbs,

and changing 15 gallons of acid each 300,000 leads.

v Evaluation

The mechanical and electrical systems are very reliable, thus,
the machine is virtually maintenance free. This machine has operated
continuously on a 2=-shilt basis with no repairs or excessive maintenance.
Although a 3=shift trial has not been made, it appears that the same
reliasbility could be expected. After the operator becomes adjusted to
the use of this machine, the major duties are those of loading and un-
loading leads.

The outstanding characteristic of this machine is the introduction
of an improved lead cleaning process. Although the basic technique is ..
not new, the electropolishing procedure has presented a faster and
cleaner method of prepering leads. This is evidenced by the deletion of
the handling operations and by the elimination of the furnaces shown in

the Flow Diagram of Figure 3.l1=5.

Vi Conclusion

Insofar as this machine has sustained a consistent yield at a
gross rate of 6000 leads per hour, the original expectations have been
fulfilled. More important, however, the removal of both the burr and
preservation of lead straightness have enabled unrestricted use of the
Header Assembling Machine. In this respect, advancements are realized

in that the net output of a single operator has been increased from 2600

©



pieces per hour to L4500.

Operation of the machine has greatly aided the mechanization of
the Header Assembling operation and, in this respect, it has substantiale
ly increased the cepecity of the transistor production line. An even
more important development was the elimination of lead degradation as a
result of repeated furnace operations at high temperatures. Improvements
to the machine that might extend its useful life have been considered.
One of these is coating of the lower acid tank with "Teflon" or similar
materials. With present knowledge, it does not seem practical to ine-
crease production simply by incressing the size of the work table. (In
Phase 2 we hope to increase the output by speeding up the entire machine).
The process has demonstrated that it is capable of produgihg large
quantities of cleaned leads compatible with the manufacture of bubble-

free, clear glass-to-metal seals.
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PIECE PART CLEANING

I Genersl

The Piece Part Cleaning Machines were built to provide a means for
mechanically moving batches of parts in small dipping baskets through a
series of tanks. Two of these machines have been built to fulfill the
program. Originally it was planned to have one machine clean ferrous
parts, and the other machine non~ferrous parts. Difficulties that were
encountered during the project and changes in the piece part requirements
resulted in both machines being built to clean ferrous parts.

The machines replace an unmechanized process where an operator
would transfer parts manually on a timer signal from tank to taﬂk, and
finally to a commercial dryer. The most difficult problem encountered
during the project was the high corrosion rate of machine parts caused by
the chemicals used. With the current S-minute time cycle used for clean-
ing parts, the greatest advantage in the use of the machines is the more
consistent cleaning of parts due to uniform timing. Further development
of these machines would, for the most part, be in the field of corrosion
resistance since corrosive agents and corrosive atmosphere in and around

the machines have deteriorated some of the components.

II Description of the Machine

The Piece Part Cleaning Machines are built to provide a means for
the mechanical handling of batches of parts in 6~inch dipping baskets
through a series of tanks. Here the parts are successively degreased,
pickled, etched, rinsed and dried prior to the application of a plated
finish or assembly. The machines are generally of steel construction,

protected by five coats of "Ueilon" vinyl coating. Each machine consists
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of four modules, a drive system and processing tanks. The remaining
equipment consists of auxiliary tanks, heating and cooling coils, pumps,
filters, exhausts, loading and unloading stations, and an electrical con
trol system. This equipment is handled as optional attachments to the
modules. Each set of four module machine covers an area 3 feet wide and
20 feet long; its control cabinet covers an area 1 foot by 3 feet.

Figure 3.2=-1 is a general view of a machine showing the modules,
exhaust system, steam and water services, and the electrical control
cabinets in the background. Figure 3.2=-2 shows the right side with
pumps. Figure 3.2-3 shows the discharge end of the machine with a basket
above the drying station, and Figure 3.2-4 shows the loading end module
with guards removed to expose the vertical and horizontal drive mecha=-
nisms. These photographs were taken during installation and, &s such,
do not show the insulation on the steam pipes and complete exhaust
system. These detalls do not detract from the finished effect and, in
fact, tend to clarify some of the details of the machine.

To provide for anticipated process changes, the machine was con-
structed as four in-line modules having three stations per module.
Modules are electrically interlocked for control purposes. Each module
is composed of a frame, horizontal and vertical drive systems, exhaust
Plenum, and three exhaust risers. It is further divided into four hori-
zontal levels. From top to bottom they are: (a) the work tanks; (b)
horizontal and vertical drives; (c) space for auxiliary storage tanks
and other attachments, and (d) the exhaust plenum. The exhaust risers
attach to the plenum and extend vertically between work tenks to a posi-
tion 2 inches above the lips of the work tanks.

The horizontal drive consists of transfer slides mounted along

each side of the module. These transfer slides are driven by a motor
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powered gear reductor, two chein driven hexagonal shaped pinion shafts,
one centered at each side of the frame, gnd an individual pinion gear
sliding on the pinion shefte driving a rack attached to the transfer
slides. Direction of slide travel is determined by direction of motor
rotation. A single limit switch controls length and direction of travel.

The vertical drive raises and lowers the transfer slide assemblies.
This drive consists of a motor driven gear reductor lead, driving four
vertical lead screws by means of a chain. These lead screws are mounted
at the four corners of the module; each of the lead screws drive a pair
of nuts mounted in the transfer slide mechanism. Raising or lowering
the transfer slides is dependent on the direction of motor rotation. A
single limit switch once again controls both length and direction of
travel. This drive causes the baskets to move in a rectangular path.
All other elements needed to make the machine operable are built as
attachments to the basic module.

There are 17 attachments currently available for use on the
modules. From the list which follows, it will be apparent that only a
limited number can be installed on any single module. This variety is
provided to permit the process engineer to select components and, in
some cases, components of special materials for the specific processing
operation he wishes to perform. With the above limitation in mind,
attachments may be interchanged Setween various stations of the modules.
Auxiliary attachments for use with these modules are:

1. Loading station

2. Unloading station

3. Three fluid circulating systems
a. "Hastelloy B"

b. 304 Stainless Steel
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1l.

c. 304 Stainless Steel with a filter added
Two steam heating systems

a. "Hastelloy B"

b. 304 Stainless Steel

Two work baskets

a. 5 x 6 inch rectangular

b. 6 inch diameter

Three work tanks

a. Hot rolled steel

b. 304 Stainless Steel

c¢. '"Hastelloy B"

Drying Station

Polyvinyl chloride tank insert for hydrofluoric acid
Exhaust system

Parts asgitator

Electrical System

The electrical system consists of an electrical control panel,

all switch gear, wiring, 1limit switches, timers, and miscellaneous elec-

trical equipment needed to make the machine operational. It is custom

engineered for each machine or group of modules. If additional modules

are to be added, this attachment must be modified accordingly. The two

l-module machines require the following services:

Electrical: 440 volt, 3 phase, 60 cycle, 45 amperes
Steam: 45 pounds per hour, 80% quality

Steam condensate drain

Acid drain: 480 gph

Tap water, hot: 330 gph at 1LOOF

cold: 120 gph at room temperature
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f. Deionized water: 30 gph
g. Exhaust: U500 cfm
The operator must turn on appropriate attachments and allow the

machine half an hour to come up to operating temperature before placing
it in operation. After warm-up, the operator turns on the remaining
attachments and the machine commences to cycle. The operator must appply
baskets to the loading station and remove completed work from the unlosd
station. In addition, he must monitor the various solutions for concen-
tration, make additions when needed, and check samples of finished parts

for quality of cleaning. One man can operate both machines.

III Unmechanized Cleaning Process

The unmechanized process consisted of a commercial, manual, small
parts cleaning and plating system of tanks, exhaust, pumps, filters, etc.
The operator would manually transfer batches of parts through the various
tanks and finally to a commercial dryer. At each tank he would set a
timer and leave the work while attending to other duties. When the timer
rang a bell, the operator would return and move the work to the next
tank. Since all kinds of miscellaneous parts are cleaned on this equip-
ment, the operator skips process tanks not called for in the manufac=-
turing layout. The output is limited by the longest process time in any
tank. Duplicate tanks for slow operations expedite cleaning large quan-
tities of parts but process time variations still contribute to ineffi-
clencies.

While process development was in a state of flux, the flexibility
of the manual line was desirable. Once the process was stabilized, the
emphasis shifted to efficiency and control of the cleaning process.

Tank capacity was the main factor affecting efficilency. When batches of

parts have unusually long cleaning times or times that are similar,
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machine cleaning is more efficient. The machine also gives much better
control of the cleaning process as it asutomatically times immersion and

removal of work from the tanks.

Iv Machine Development

A special machine design was needed since no commercial equipment
to meet our size requirements was available. Before engaging in the
development of a special purpose mechanized cleaning machine, the possi-
bility of obtaining a commercisal machine was investigated. The size of
regular commercial equipment would have made it possible to handle quan-
tities of parts ten times greater than those we choose to process. In
addition, our experience with the larger commercial cleaning and plating
machines indicated a definite need to eliminate moving machinery from
above the work tanks. The moving machinery above the tanks collected
oil, dust and dirt which, in turn, fell into the work tanks and resulted
in improperly cleaned lots of parts. The Piece Part Gold Plating Machine
(Section 3.3) is representative of what was available and our experience
with it was the underlying reason for seeking an alternate design. As
an additional feature, the machine was designed and built to have unusual
flexibility to accept changes in processing. Three such changes have
been accomplished in the nine months since the machine was first installed.

At the time development of & special machine was undertaken, the
device design was in a state of flux. This, in turn, reflected on ways
and means of cleaning the parts so that problems in final assembly,
testing, aging, and general device reliability could be minimized.

Device reliability, in particular, is affected by dirt or contaminants.
As a result, efforts were made to go to extremes of cleenliness at all
production operations. Cleaning procedures were changed whenever

theoretical or actual improvements could be mede. Under these condi-
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tions, requirements were added so that the machine would be reasonably
easy to modify for possible process changes.

The modular approach, with interchangeable attachments, was
selected for ease of changing the machine. One module was then designed
and built. As many of the attachments as would fit were crowded in it.
It was impractical as a machine since it had only two useful work tanks,
but did allow limited use. With it, .4 watt diode cases were alkall
cleaned and rinsed. It was very useful as a "trial horse" since we had
a working piece of equipment to locate the '"bugs" in the drive mechanisms
and attachments. The lead screws were particularly troublesome since
slight misalignments caused immediate binding of the mechanism. As a
result the frame and mounts were redesigned to overcome this fault. No
corrosion data was collected on the experimental module since our experi-
ments were limited to caustic cleaning.

As a background to the selection of structural materials, the
equipment in service on our cleaning and plating line was reviewed.

This review covered rubber lined tanks and piping, carbon heaters, tanta-
lum heaters, ceramic crocks, and one "Hastelloy B" pump for hot hydro-
chloric acid. With the exception of tantalum, all these materials had
limitations or histories of high maintenance which were undesirable.

"Hastelloy B" was selected since it was less expensive than tanta=
lum, with the possibility that it would be less troublesome than the more
conventional materials. The entire acld circulating system heaters,
work tanks and everything that would be wetted by the acid - was made of
"Hastelloy B". The alloy was expected to corrode at .005 inches per
year for all elements in the system except the steam coil. -This was
expected to have a higher rate in the order of .02k to .040 inch per

year because it would operate at 300°F. The material supplier's tests
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indicated a rate of ,024 inch per year in boiling 20 percent hydrochloric
acid. On the basis of this development, seven additional modules were
made and the "trial horse" module modified. These eight modules were

then assembled into two machines.

v Operational Problems

After installing both machines and connecting the piping and
electrical controls, a full scale prove=in was started. The first
problem encountered was trouble with "sticky" lead screws in the vertical
drive system. The lead screw mounts had been redesigned after similar
trouble with the experimental module. Despite an improved design, the
subcontractor, who fabricated the frames for the seven remaining modules,
rendered our efforts useless. Their final finish machining was performed
with the frame in a warped position. To correct this condition, all the
bearing housings had to be shimmed into position. This was as much, if
not more of a problem, than the original design. After operating the
mechanism for a few days the lead screws turned more freely. Several
times after this the lead screws malfunctioned but each time adequate
oiling and running the lead screws freed these drives.

The Plece Part Cleaning Machines were designed so that the pumps
selected would circulate the solutions with such volume and velocity
that agitation was consldered unnecessary. In reality this did not
occur. The geometry of the small partg was such that holes, blind
corners, etc., did not clean up since fresh solution was not moving over
these surfaces. This problem resulted in the addition of a parts agita-
tion system. This system has a vertical amplitude of 1/2 inch and a
frequency of 6 cycles a minute,

Corrosion of parts throughout the prove-in and operational runs
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has been a problem. Every effort was made in design to specify corrosion
resistant parts; the machine also has, where practical, five coats of
"Ucilon" vinyl for protection of parts. Except where punctured by
accident, the resulting vinyl film has given excellent service. Touch=
up, efter machine changes, has taken care of damaged and punctured paint
films. Sliding and moving metal parts have rusted where it was impractie
cal to provide vinyl protection. Despite the poor appearance of these
parts, oil or grease seems to give enough protection to keep them oper-
ating without need of repairs. The glands of the acid circulating pump
had small leaks. This leakage corroded the ferrous screws holding the
pump together and also caused a general housekeeping problem. Replacing
the ferrous screws with "Hastelloy B" screws corrected this situation.
No satisfactory solution has as yet been found to prevent the pump glands
from leaking. Rinsing with water has kept the area under the pumps
reasonably clean. The one item of the system affected most by corrosion
was the steam coll in the acid bath. Steam coil failure is due to the
high acid temperature at the surface of the coil. Coil failure was con=
centrated at points where supports were welded to the cdails. New coils
made of tantalum have been ordered to take care of this condition.

The original machine used plant compressed air for drying. This
air did a satisfactory Jjob on some parts, but on others it failed. A
new dryer was designed that consisted of a blower and a heater stack.
As the air passed through the heater stack, resistance heaters raised
the temperature to approximately 1800F; This hot air is then channeled
through the basket of parts to adequately dry them.

During prove=-in and shop trial runs, two developments resulted in
a major change in the use of the two machipes. The first was the use of

hydrofluoric acid on the machine. Originally it was hoped that glassed
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headers could be made with a short hydrofluoric acid etch before entering
the cleaning cycle .presented by the machine. However, introduction of .
the "Sealox" (Header Glassing) glass-to-metal furnace sealing process
created a need for a more vigorous header cleaning process. Glass rune
over on the plece parts was such that the etching time had to be extended.
One machine was then converted to provide the more vigorous cleaning with
the glass etch. To accommodate this process change, the tanks were re=-
arranged and the machine cycle changed from 2-1/2 minutes per tank to

5 minutes per tank, reducing output from 24 basket loads per hour to 12
loads per hour.

The second development ensued for two reasons. First, a design
change was introduced changing the copper tubulated transistor can to a
plain can, and secondly, copper parts drying was unsatisfactory. Design
change of the plece part was a prime factor in reducing the need for the
non-ferrous piece part cleaning machine because this markedly reduced
non=ferrous cleaning requirements. Cleaning of copper parts from an
appearance standpoint was disappointing. The machine dried parts had a
tarnished appearance while the manually processed parts were very bright.
This difference in finish was directly traceable to the different drying
techniques used; hot water followed by hot air in the machine versus
acetone then infrared heat for the manual process.

A series of tests indicated a slight deérease in brazing yield
for the tarnished parts. Efforts to eliminate the cause of tarnished
parts were unsuccessful. As a result of the drying problem, coupled
with the need for more ferrous cleaning capacity and less non-ferrous
capacity, the two Piece Part Cleaning Machines were set up to handle
only ferrous parts. One machine with hydrofluoric acid etch for glassed

assemblies, the other for plain ferrous parts. The smaller amounts of
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non=ferrous work are being processed on the manual line.

Maintenance for the first nine months of intermittent operation
has been average for all elements except the "Hastelloy" steam coils and
pumps. These have had a number of failures. The effects of hot hydro=-
chloric acid on "Hastelloy B" were known before its selection. Aside
from these and machine changes to accommodate process changes mentioned
previously, the aperation has been relatively trouble-free.

Since adding the hydrofluoric acid etch on the one machine, work
requiring hydrofluoric acid dipping must be scheduled more carefully so
that all parts, having the same process time cycle, are available to go
through the machine in an orderly fashion. The time duration of the
hydrofluoric acid dipping operation 1is particularly critical as the acid
attacks the glass-to=-metal seal. If a change in the process cycle is
necessary, the operator allows L cycles to occur without loading parts in
the machine. Then during this blank period, he resets the cycle timers
while there are no parts in either the hydrochloric or hydrofluoric tanks.
To date, there has been no need to vary the process cycle for non-glassed
parts processed on the other machine. Glassed parts have a S-minute
cycle, non-glassed parts have a 2-1/2-minute cycle.

During the shop trials and the pilot runs, the operator has had
an additional task of arranging the headers in the dipping baskets.

This arranging consists of spreading the parts more uniformly throughout
the basket thus lowering the height of the pile. The operator's duties

are simple enough that he has sufficient time to operate both machines.

Vi Evaluation
Two elements in the piece part cleaning systems were measured to
evaluate the corrosion rate. These were the stand pipe in the work tank

and the steam coil. After eight monthe of immersion, the stand pipe
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corroded approximately .003 inches and the steam coil approximately .033
inches. ‘During this time the acid was at a working temperature of 150°F
for approximately 180 hours.

Output of the machine processing glassed assemblies is 12 basket
loads per hour. Output on the machine for plain ferrous parts is 2L
basket loads per hour. These are double the rates for manual processing.
Since size of parts varies so widely, quantities in a basket load vary
from a low of 250 for TO=-5 headers up to a high of 10,000 for leads.
Further, these lot sizes are the same as would be used in manual clean-
ing. Therefore, in this case, output comparisons are based on basket
loads rather than the more general practice of referring to specific
parts. The quality of machine cleaned parts is more consistent due

primarily to elimination of the human element.

VIiI Conclusion

. Headers and cans for the TO-5 and TO-18 transistor encapsulations
constitute the bulk of the work to be cleaned by the Piece Part Cleaning
Machine. Four-tenth watt diode cases comprise the next largest volume.
Since these and all other parts normally processed are small, sizeable
lots can be cleaned in small cleaning tanks: hence the need for a machine
designed specifically for small parts cleaning. Flexlbility was a re=-
quisite for process changes which may occur in the future. A minimum
of overhead equipment was desired to keep the solutions as clean as
possible since the cleaning requirements are critical.

No machine was available commercielly that offered the above

features; therefore, the machine described in this report was provided.
The lips of the exhaust system are the only part of the machine over the

cleaning tanks. Processing tanks and associated equipment can be readily
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changed to meet any process variation. Parts can be cleaned on this
machine in half the time required by meanual cleaning. Based on the
planning level for Nike Zeus production, the prototype equipment provided
will have sufficient capacity to meet cleaning requirements for the proe-
gram. Effort during Phase 2 will be made to improve corrosion resistance

of component parts.
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PIECE PART CLEANING MACHINE VIEWED FROM RIGHT
FIGURE 3.2-1
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DIPPING BASKET ABOVE DRYING STATION
OF PIECE PART CLEANING MACHINE
FIGURE 3.2-3
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VERTICAL AND HORIZONTAL DRIVE MECHANISMS OF
PIECE PART CLEANING MACHINE
FIGURE 3.2-4
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PIECE PART GOLD PLATING

I General

An anslysis of the proposed schedules and plsting requirements of
plated piece parts required for the 2N559 Trensistor Program Justified
the development and procurement of & conveyor-type or automatic Gold-
Plating Unit. The piece parts to be plated were the tubulated cen and
the 3-inch leed heasder assembly. Since the design of these assemblies
was not yet firm, it was important that any gold-plating equipment devele
oped be adaptable to meet any variations in the geometry of the piece
parts and changes in the clesning and plating cycles. This was in addi-
tion to the inherent problems of developing & machine cspeble of pleting
parts of significently different geometries.

In the past excellent results were obtesined in barrel plating e
variety of piece parts including tubulated cans and hesders of similar
design except the length of the header leads was 1-1/2 inches instead of
3 inches.

On consideration of these factors, the decision was reached to
develop and procure a general purpese automatic barrel plating machine
capable of plating piece parts of various geometries and providing con=~
sidersble flexibility in modifying or chenging the cleaning and plating
cycles. Then, if warranted by the geometry, quantity and/or finsl design
of the piece parts, a special purpose plating machine would be developed.
If required, the general purpose barrel plater would be availeble to
process the parts in question during the design and prove~in periods of
the special purpose machine.

An 8-station conveyorized barrel plating machine was developed
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and procured. Over e million tubulated cans were gold-plated with greater
than 99 percent yield and headers were plated with an overall 90 percent
yield. Developments in the requirements and design of the heeder essem-
bly eventuelly indicated that a rack type plating machine wes required

for this assembly and the development described in Section 3.9, Header

Continuous Rack Plating, was underteken.

II Autometic Barrel Plating

From s study and enalysis of the problems posed in gold-plating
the tubulated can end header, it became apperent that initially a genersl
purpose Automatic Barrel Plating Machine with the following features be
procured to plate both parts:

1. To economically produce the quantity of parts required
for the program with the quality specified.

2. Be capable of plating parts of various configurations.

3. Be flexible for changeover to different types of clean-
ing and plating baths.

4. Be adeptable for either barrel or rack use.

5. Have adjustable individual timer controls for the
various baths.

6. Be compact, efficiently using the space occupied.

T. Be capable of beling easily enlarged for increesed
production with little downtime and minimum cost.

The reasons leading to the above design criteris were:

1. Cleaning and plating processes initially specified were
identical for both piece parts except for immersion time
in the various baths.

2. The design for both parts was not firm and changes were
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anticipated in the configuration of the parts as well
as the cleaning and plating procedures.

3. Tubulated cans and headers of similar design (except the
leads were 1-1/2 inches long instead of 3 inches) were
successfully barrel plated.

After evaluating the automatic barrel plating equipment of several
manufacturers, the machine finally purchased was an 8-station Abbey Pro-
cess Automatic Single Barrel Plating System with several of our modifica-
tions. Stations were provided for the following operations:

l. Alkaline degrease and rinse.

2. Hydrochloric acid pickle and rinse.

3. Cyanide dip and rinse.

4. Copper plate and deionized water rinse.

5. Gold strike and gold plate.

6. Gold reclaim rinse.

7. Room temperature and hot deionized water rinses.

8. lLoading and unlosding stations.

By activating one button on the master control panel, a plating
barrel is automatically conveyed from the loading station through the
various cleaning and plating baths to the unloading station and stopped.

The machine is of a modular unit construction. Each self=contained
module or station has identical frames, elevators, hydraulic lift cyline
ders, solenoid valves and limit switches, and are coupled to one another
forming & closed continuous loop. Although each module is mechanically
simllar, their function can be altered by varying the interconnecting
electrical controls.

The assembled unit is shown 1in Figure 3.3-1 with elevators in the

down position. On the right 1s the ventilation system to exhaust the
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tanks, consisting of side draft exhaust hoods and risers manifolded into
& common plenum chamber.

A typical cleaning cycle is as follows:

The cleaning and plating cycle is programmed into the master
control panel (Figure 3.3-2) by setting the specified immersion times
in the various baths on the respective timers. The master control
button is then pushed which activates the series of controlling timers
and relays. Once activated, the free wheeling carrier with an attached
plating barrel (Figure 3.3-3) is conveyed from the loading station at
the far end along the monorail trackway into the first station by the
chain drive. The carrier is released from the chain drive at the end of
the turn. At this point, the carrier activates a limit switch which
causes the reciprocating overhead transfer bar to push the barrel to a
predetermined position on the station elevator where another limit switch
is tripped. The second limit switch activates a relay which starts the
elevator containing the barrel downward into the first bath (typical
descent, Figure 3.3=4). 1In its downward descent, bus bar contacts are
made with a rectifier which provides direct current for cleaning or
plating. Alternating current is provided through another bus bar contact
to operate the motor drive which rotates the plating barrel. The barrel
is lowered into the tank and remains there for the length of time preset
on the particular timer in the master control panel. At the completion
of the preset time, the timer activates a relay which starts the elevator
upward. When the elevator returns to the monorail another limit switch
is tripped which activates the overhead reciprocating transfer bar and
pushes the barrel to the next station programmed in the master control
panel. This procedure is repeated until the cycle is completed.

A safety interlock switch is provided to stop the reciprocating
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transfer bar from operating if the next station elevator is in a down

position. This will prevent the carrier and plating barrel from being

pushed into the open gap left in the monorall when the elevator is down.

The rectifier power supply and bath temperature controls in the

rear of a typicsl station sre shown in Figure 3.3-«5. Also shown et the

right rear of the rectifiers are the control buttons which can override

the automatic controls and manually operate or by-pass the station if

desired.

In eddition, the following features were installed:

1.

5.
6.

Continuous filtration systems for gold and copper
cyanide baths.

Conductivity control in the rinse tank between the
hydrochloric acid pickle and cyanide dip baths which
prevents the transfer of the plating barrel to the
cyanide tank until the parts are adequately rinsed,
free of hydrochloric acid. This will prevent the
accidental carryover of hydrochloric acid into the
cyanide tank.

Ampere hour meter to control the amount of gold deposited
on the plece parts.

Manual controls at each station that can override the
automatic controls.

Individual temperature control of the various baths.

A ventilation system.

If it becomes necessary to enlarge the machine for increased pro-

duction, additional stations can be added in the return loop. The machine

can also be converted from a single to multberrel unit. Another feature

which can be added is a punch card system which will permit several



barrels to go through the machine simultaneously, each with a different

cleaning and plating cycle.

III Plating Barrels

Considerable effort was expended in evolving the final design of
the two different internal cathode electrical contactor systems used to
barrel plate the tubulated cans and headers.

The first Cathode Contactor System developed was for plating the
tubulated cans. The initiasl design consisted of a stationary conducting
centershaft shaped in the form of a hat section around which the barrel
rotated. Freely hanging electrical conductors were attached to the
uppermost section and dangled to the bottom of the barrel. The depth
of immersion of the plating barrel was controlled to keep the uppermost
section out of the plating solution, therby preventing a build-up of plate
on the shaft.

Danglers in the form of chains, ball weighed chains and hair pin
shaped danglers were investigated. In general, the danglers tended to
ride on top of the work. As a result little or no current was led to
the work. With this poor efficiency in the transfer of current, the
gold-plate deposited was poor. We were unable to overcome the problems
involved in having these flexible danglers continually buried in the
work as necessary to ilmprove the transfer of current and subsequently
abandoned design effort in this direction.

The next system designed and procured was a stationary "comb”
around which the horizontal barrel revolved. It consisted of a 3/Le-inch
stainless steel center shaft, drilled and tapped at 2-inch intervals for
l/b-inch stainless steel rods, the length of which came to approximately

one inch from the bottom of the barrel. The entire unit was coated with
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a PVC (polyvinyl chloride) type plastic except for a 3-inch tip on each
rigid rod dangler. For the first run, the danglers were positioned in a
downward vertical position. However, the impact due to the momentum and
weight of the cans bent the danglers. This obstacle was overcome by
positioning the danglers 30 degrees from the vertical. With this arrange-
ment, over a million tubulated cens in lot sizes of 10,000 were plated
with a greater than 99 percent yield.

This statlionary comb design was not suitable for headers since
the leads were bent by or wrapped around the rigid danglers. A barrel
with "button type" contactors was procured for plating headers. The
advantages of this system is that it provides positive contact and does
not interfere with the tumbling of the work in the rotating barrel. The
system consists of a conducting shaft on the cylinder head joined to a
spider of stainless steel embedded in the cylinder head which in turn is
Joined to embedded rails in each cylinder wall apex into which the exposed
buttons are screwed. Due to the shape of a mass of headers, continual
positive contact on each button was not possible. This affected the
current density which resulted in poor plating. The buttons were removed
and replaced with rods running the length of the cylinder. The contact
improved but there was a tendency for the headers to emmesh forming a
tangled mass. By compartmentalizing the barrel, tangling and bending of
the leads was markedly decreased. Trial prove-in lots with the 2N559
header were plated with a 90 percent average yield. No sustained shop
trial runs were made with 2N559 headers; however, & similar oval=-type
header with three 1~1/2 inch in~-line leads was plated in lot sizes of

3000 with an overall yleld of 90 percent.
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IV Conclusion

The overall objectives and design criteria established for mechane
ization of the cleaning and plating processes for tubulated cans and heads
ers were met. Fundamentally this consisted of developing a general
purpose plating machine capable of plating a variety of piece parts and
then, 1f warranted, procure a specific purpose plating machine for the
plece part in question.

The general purpose Automaetic Barrel Plating Machine procured was
capable of plating a variety of piece parts and possessed inherent
flexibility for changing or meodifying the cleaning and plating cycles.
Barrels to plate the tubulated cans and headers were designed, developed,
and proved=in. The Automatic Barrel Plating Machine coped with the
anticipated changes in the cleaning and plating cycles, configurations
of piece parts and amount of gold deposited. Tubulated cans in lots of
10,000 were plated with & greater than 99 percent yileld. A smaller
grained and denser gold plate was obtained. This coupled with the
burnishing of the plate due to the tumbling action in the rotating barrel
gave a gold plate with greater resistence to corrosion and greater
resistance to absorbing contaminants.

Headers were barrel plated in lots of 3,000 with a 90 percent
yleld. Later developments indicated that a special purpose machine was
warranted; therefore, the Continuous Racks Plating Machine, Section 3.9,

for header plating was undertaken.
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AUTOMATIC BARREL PLATING MACHINE
FIGURE 3.3-1
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MASTER CONTROL PANEL OF AUTOMATIC BARREL PLATING MACHINE
FIGURE 3.3-2
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FREE WHEELING CARRIER OF AUTOMATIC BARREL PLATING MACHINE
FIGURE 3.3-3



AUTOMATIC BARREL PLATING MACHINE SHOWING DESCENDING CARRIER
FIGURE 3.3-4



RECTIFIER POWER SUPPLIES AND BATH TEMPERATURE CONTROLS
OF AUTOMATIC BARREL PLATING MACHINE
FIGURE 3.3-5
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PLATFORM LEAD WELDING

I General

The Platform lead Welding Machine assembles a collector lead and
platform by welding the two parts together at the rate of approximately
1,200 essemblies per hour. It produces subassemblies with accurately
positioned leads perpendicular to the base of the platform. It is a
h-station semi-automatic machine with an independent fixture at each
station. Accurate nest aligmment of the parts before welding and uneven
heat balance at the individual fixtures were the main problems encounter-
ed during prove-in. The machine is designed to permit complete inter=-
changeability of all main components on the fixtures and for easy main-
tenance. If further development on this machine is desired, it will
encompass automatic platform and lead loading, and possibly automatic

collector lead subassembly unloading.

II Description of the Machine

This machine assembles a collector lead and platform by welding
the lead within ¢ .005 inch of the nominal position and perpendicular to
the platform within 2 degrees. The basic drive of the machine is a
Ferguson Intermitter. This is a bestation turret type indexing table
of cast construction with a built in integral drive. Four completely
independent fixtures which are positioned on the indexing table revolve
about a stationary center column. Cams which control all fixture move=-
ments are mounted on this column. Directly above the cams is the stored
energy power pack for the welding station.

Accurate aligmment of the parts at the welding station is obtained
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by a die set type aligning fixture. The base of the aligning fixture has
aligning pins which accurately guide the moving upper part of the fixture.
The lower electrode is mounted in the center of a steel nest which
locates the platform in the aligning fixture. The steel nest is mounted
on a pair of thin steel cantilever springs which are deflected to pro-
vide the welding force and follow up needed after making the weld. This
steel nest assembly is mounted on & cam operated cross-slide guided on
the main base. This cross-slide, in the forward position, places a
locating screw under the upper electrodes for positioning the lead wire
with the proper lead length exposed. In this same forwerd position, the
steel nest 1s also in position providing access for removing the welded
subassembly and for loading another platform. At the welding station the
cross=slide is in the retracted position free of the cam, and an adjust-
able stop accurately aligns the platform with the collector lead.

The top electrode is mounted on another slide which provides
vertical travel. A partly slotted copper electrode is mounted on this
vertical slide. The slotted part of the electrode is sprung open auto-
matically, and a small cam lock forces it together. This cam permits the
slot to assume three positions: fully open, lead load or semi-closed,
and clamped. The cross-slide of the lower electrode, the cam lock for
the upper electrodes, and the upper electrode height control, operate
automatically as the fixtures revolve around the cams mounted on the
stationary center column.

Three of the four stations require an operator at all times. At
the first station a platform is hand loaded; at the second station a lead
is hand loaded; the third station automatically welds the assembled lead
and platform, and at the fourth station the welded unit is hand unloaded.

Each index of the machine produces a completed unit. Since all manual
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operations are either loading or unloading, no special operator skills
are required. During the regular work day the operators rotate positions
periodically.

Normal maintenance consists mainly of replacing electrodes. The
top electrodes are held in place by four flat head screws and the lower
electrode is screwed into the bottom of the nest. If necessary, by re=-
moving five screws, a complete fixture including transformer can be re=-
moved in minutes allowing production to continue while the trouble is
corrected. Figure 3.4-1 shows a complete fixture in detail and Figure

3.4-2 shows an overall view of the machine.

III Development
Originally, a completely automatic machine was considered for

loading the lead and platform, welding, and placing the welded sub-
assemblies into the ceramic molds prior to the Header Glassing operation.
Some of the critical requirements of this welded subassembly were: weld
strength, lead position, lead straightness and weld splatter. Weld
strength was necessary to assure a good electrical connection and to
afford the strength needed in later handling of the unit. Accurate lead
position was required since it was one of the parameters of the finished
transistor. Iead straightness was & requisite because it is essential
to provide trouble~free operation of automatic machines used in sub=
sequent operations. In keeping with good glass sealing practices the
weld splatter had to be kept at an absolute minimum.

An experimental tool was developed to analyze methods to meet the
requirements listed above. This research led to the development of a
die set type fixture where aligmment could be readily held between upper

and lower electrodes. The upper electrode was developed as a split
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electrode with a small boss turned on the lower end. The boss solved
the problem of gripping the lead as aqlose to the end as possible and
allows the electrode to enter the cup portion of the platform.

Splitting the electrode and activating it with a cam arrangement as it
rotated about the machine solved the requirement for an electrode that
would be in the semi-closed position at the lead loading station, in the
clamped position at the welding station, and in the fully open position
at the unloading station. The experimental tool was used to develop a
suitable weld schedule and to determine if the requirements for weld
strength and position could be maintained.

Another experimental mechanism was also built to 1lift the welded
subassemblies from the electrode nest and place them accurately into the
ceramic glassing molds. This tool used a split finger with a small pin
on each side of the split. The pins entered the holes in the platform
and were then spread apart; in this way the subassembly was held firmly
and oriented. When the subassembly was loaded into the ceramic mold,
the pressure on the fingers was released allowing the collector lead
assembly to remain in the ceramic mold as the transfer arm moved into
position for another subassembly.

At this stage of development, time studies showed it feassible to
construct the machine with four independent welding fixtures, and operate
it manually while further development of the loading and unloading
stations was undertsken. At this'time it was also discovered that the
subassembled units had to be decarburized before use in the next oper-
ation. As a result, a manually operated machine was built pending
further development of the automatic aspects of the machine.

During the last stage of development, a fully automatic commercial

machine became available which fulfilled our requirements. Since this
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wachine was not a prototype, it was more economical to purchase than to
develop our own. Under these circumstances further development of our
automatic platform and lead loaders was no longer justified and develop-

ment was stopped.

Iv Qperational Problems

During prove=in of the machine,'problems concerning indexing, nest
aligmment, welding heat balancing, and welded subassembly removal were
experienced. Indexing problems were centered around the drive mechanism
of the machine. Since this was a standard drive furnished with the
Ferguson Intermitter, some of the troubles experienced were gquite un-
expected. A complete clutch and brake unit was replaced before it was
discovered that misalignment of the shaft of the indexing motor and the
main drive shaft caused excessive heating, resulting in bearing wear and
abnormal wear to the faces of the clutch and breke. -After aligning the
motor properly and installing a new clutch and brake assembly, this
problem was eliminated. Next, the machine started to index in an erratic
manner. This trouble was traced to the clutch which was originally de=-
signed to dlsengage electromagnetically during the dwell phase of the
index cycle; however, even with the clutch disengaged electromegnetically
the armature was so heavy that it stayed in contact with the field facing
during dwell, causing excessive wear of the clutch armature and field
magnet facing. To correct this condition, the clutch was modified by
adding small springs to 1lift the clutch armeture while it was disengaged
electromagnetically. The cam which controls the clutch and brake activa-~
tion was also modified to obtain better results. Further troubles in
indexing were caused by failure of the timer supplied by Ferguson. A
better grade: timer was substituted but has not proven completely satis-

)v“/
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factory. It was decided to completely rebuild the timing circuit.
Material is on order to effect this change.

Nest alignment problems became apparent during prove=in. Back to
front orientation could readily be aligned by adjusting a stop screw
built into the station slide. The right to left orientation, however,
was & bit more complicated. The springs on which the nests were mounted
had to be loosened to reposition the nests, and in the process the back
to front orientation was disturbed making accurate alignment extremely
difficult. A cross=slide with an adjusting screw was substituted for
the s0lid mounting blocks supporting the nest springs. Fine adjustment
is now possible in both the back and forth and the right and left
directions and simplifies nest aligmment problems.

A heat balancing problem, or obtaining equal welding heat on each
of the four fixtures from the same power supply, was solved by placing a
rheostat, to vary resistance, on the primary side of the individual weld=
ing transformers. In this way, the welding heat was balanced and uniform
welds were obtained.

Removal of the welded subassemblies normally is a quick hand
operation; caution must be used, however, to keep from disturbing the
perpendicularity of the welded collector lead. Occasionally, subassembled
units stuck to the bottom electrode with the result that they were diffi-
cult to remove. Since the dwell time is less than 2 seconds, the machine
had to be stopped resulting in production interruption. Also, many of
the collector lead subassemblies were usually bent or dsmaged in the
process of removing them. The nest holding the platform was redesigned
and an ejector type nest was developed. The operator had to squeeze two
levers to eject the subassembled unit. Four nests were bullt and tried

in production. It was discovered that in actual operation, the operator
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had the tendency to occasionally twist the cantilevered springs which
support the nest, with the result that the accurate lead positioning was
continually being disturbed. The nests were again redesigned. Opposite
sides of the nest were recessed and a tool then fitted into the recess

to free the stuck subassemblies with a prying action. This method proved

successful and is the one now in use.

v Conclusion

The development and design of the Platform lead Welding Machine
provided butt welded subassemblies with collector lead accurately
positioned in the platform. At present the machine is operating on a
2-shift, 6-day week basis and has reached our estimated net hourly out=
put of 1,200 platform collector lead assemblies per hour. The require-
ments of the product have been met.

With an automatic Platform Collector Lead Wdlder available on the
commercial market, it is no longer economically feasible for us to design

and build automatic loading and unloading stations for this machine.
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PLATFORM LEAD WELDING MACHINE
FIGURE 3.4-2
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HEADER ASSEMBLING

I General

Piece part assembly of TO-18 headers is completed on a straight
line Header Assembling Machine. The machine receives ceramic molds
filled with manually loaded collector lead-platform subassemblies. As
these molds are indexed along & track, it successively adds two leads,

a glass:ring and a glass slug to every subassembly. Finally, it forms
and welds the three lead ends together with a gross output of 1800 headers
per hour preserving lead straightness and cleanliness of the component
parts. Figure 3.5«1 shows a ceramic mold with a collector lead sub-
assembly and progressive additions of component parts including a header
after the Glassing operation.

The machine replaces a manual process which required the combined
services of many people. The most difficult problems encountered during
the project were the feeding of leads and glass reliably. The machine
has undergone many changes from the original design. Developments re-
sulting in advances in the state-of-the-art caused many of the changes.
Further, improvement of the machine would result from the development of
a mechanical means to load collector lead-platform subassemblies, and a
means to insure the cleanliness of the molds since one of the greatest
causes of machine malfunction has been the rapid buildup of oxide in the

mold cavities, particularly the lead wire holes.

II Description
The machine is rectangular, and built on & box=type frame. It is

8 feet long, 2.5 feet wide and 2.5 feet from the floor to the table top
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upon which all stations are mounted. Figure 3.5=2 shows an overall view
of the machine. It has a feed track with a ratchet type indexing pawl
bar running near the front edge or operator's side. Glassing molds,
filled with collector lead-platform subassemblies, are fed into the
indexing mechanism from a magazine extending toward the back along the
left side. As the molds are moved along the track, the second station
edds two leads to each subassembly. Figure 3.5-3 shows a close-up of
this station with the glass feeding stations and tip welding station to
the right.

These leads are fed one from each of two hoppers which hold them
in a horizontal position. They are discharged from the hoppers by fall-
ing into slots, made to hold only one lead, in reciprocating circular
segments which form the bottoms of each hopper. At the proper time,
during the reciprocating motion, they are ejected from the slots into
chutes that turn them to a vertical position and guide them into an ine
serting mechanism. The inserting mechanlism aligns the leads with the
mold cavities and seats them with a sliding frictional force.

The third station adds a glass ring to each subassembly. A vibra-
tory feeder is used to orient and feed the glass rings into a track from
which they are released, one at a time, by a cam operated mechanism that
gathers the leads and drops the ring over them. A glass slug is added
at the fourth station. Here again, vibratory feeding is used to orient
the slugs and feed them to an escapement. After being released from the
escapement, a slug 1s dropped onto & chute and propelled by gravity over
the mold feed track to another chute that changes its direction and
guides it into position in the mold.

At the fifth station the lead tips are formed and welded together.

A completely cam controlled mechanism is used here to comb, clamp, form
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and make the weld. A cem propelled push bar is used at the last station,
the unload station, to remove the molds from the feed track and push them
toward the back of the machine where they are stored prior to future
proceseing.

All stations except the first, which is motivated by a weighted
bar, are driven from one main shaft running lengthwise below the table
top near the front. The main shaft is powered by a variable speed drive
unit consisting of l/2-horsepower motor and a belt driven reductor. The
reductor drives the shaft through a pair of gears. The pawl bar of the
indexing mechanism is controlled by & shifting cam on the mein shaft;
the index is performed during the spring driven portion of the stroke,
as this provides a safety in the event of interference with the molds.
The lead and glass ring feeding stations are rendered inoperative when
a mold is not in position to receive parts by solenoid operated clutches
on the drive shaft. These solenoids are controlled by mold actuated
switches located in the feed track. The glass slug feeder escapement is
also solenoid operated; however, here two series connected switches are
used for control. One switch is mounted in the track and operates in
the same manner as the clutch switches previously described; the other
switch is pulsed by a cam on the main shaft and is used to energize the
solenoid at the proper time.

The welding station is in motion continuously while the machine
is running, but the electrodes are so spaced that there is no passage of
current unless leads are between them. The cam propelled bar used to
push the molds from the feed track is actuated when molds are indexed
against & switch located at the end of the feed track. The switch
energizes a solenoid releasing a single revolution clutch that turns

the cam. Pulsed compressed air is used at three places on the machine:
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in the inserting mechanism of the lead feeder to clear it of improperly
seated leads; on the supply track of the glass ring feeder to keep the
escapement filled; and across the top of the molds between the glass slug
and welding stations to cleat away any glass not in its proper place.

The air is supplied by a compressor mounted within the machine; pulsing
is obtained from a cam mounted on the main shaft that trips a switch to
energize a solenoid operated valve.

Electrically the machine is a self contained unit requiring only
a connection to a 440-volt, 3-phase, 60-cycle, 2-KVA source. All trans-
formation to 110 volt A-C single phase, 24 volt A=-C and rectification for
24 volt D-C is done within the machine. The main drive motor is powered
by 3 phase, 44O volt A-C. 110 volt A-C is used for lighting, welding,
pumping air and vibratory feeding. Rectification for the 24 volt D-C
control circuit is provided by a full wave rectifier made of four silicon
diodes. 24 volt D-C power is used because it is a safe low voltage and
operates solenoids more quietly.

The duties of the operator, while the machine is running, consist
of keeping the various hoppers filled, clearing or preventing jams by
prescribed methods and the replacing of parts that may have been missed
at the various stations.

In order to keep the machine operating properly, certain preventive
maintenance messures must be taken. In addition to regular lubrication,
the electrodes should be checked and dressed 1f necessary; also, the
condition of the lead formers (benders) should be checked and corrected.
These checks should be made at least once in every 24 hours of operation.
Checking of the lead formers is manditory after a Jjam occurs that

warrants stopping the machine to clear the Jam.
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III Development
Feasibility studies conducted on Header Assembling centered mostly

around methods of feeding leads and glass. There was never any question
about the need for a mechanical means of assembling headers, because of
the high volume requirements for the anticipated Nike Zeus production.

A manual assembly method simply could not meet the demands of such a
project.

Feeding wires .017 inch in diameter and 3 inches long from a
bundle with any degree of regularity is one problem, but when those wires
are dead soft and have an oxidized coating which may not be disturbed,
separation from a bundle and their insertion into a mold becomes a com~
plex problem.

The first method of feeding leads utilized a reciprocating lineal
motion which moved a bar containing & slot across the exposed face of a
spring loaded bundle of leads. This idea was abandoned after trial be~
cause the oxidizing process stress relieved and warped the leads to such
an extent that they could not be picked off without disturbing the oxide
coating if picked off at all. The back and forth motion of the bar cone
taining the slot also caused oxide to flake off those leads still in the
hopper.

A rotating slotted drum was then developed in an effort to cut
down the Jostling of the leads in the hoppers. A station was built using
this method of picke-off. It had three hoppers in which the leads were
held upright and forced against the drum by a weighted back plate. The
leads were dropped into an intermediate stage containing carriers which
received one lead from each hopper and at the proper time dropped them
into a third stage which inserted them into glassing molds as they were

indexed through the station. This station was used on the machine for a
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long time; it reduced the amount of flaking of oxide from the leads in
the hoppers and was more compact than one using the reciprocating lineal
motion bar type, but location of components and the timing of the stages
hed to be very precise, This pfecision was never malntained to our
satisfaction. However, the method and mechanisms used on this station
were deemed so unique that a patent covering them has been applied for.
Meanwhile, the state-of=-the-art in header design and manufacture had
been advanced by two developments: Processes were developed to oxidize
metallic parts after header assembly and to butt weld collector leads to
the platforms before header assembly. These changes, along with a re=-
duction of the lead lengith, greatly simplified the problems of feeding
leads and inserting them into molds on this machine. The present station
was designed as a result of this simplification.

Before glass feeding by the present method was chosen, a number of
methods were investigated. One method was to f£ill the platform with a
measured amount of glass in bead form. The beads were large enough so
they would not pass between the lead and the clearance hole in the plat-
form, yet small enough so & goodly number were used. This method did not
prove successful. Test results showed that the molten glass flowed un=-
evenly resulting in unequal distribution usually with a large meniscus
formed sround one or two of the leads and, in many instances, gless ran
over the edge of the platform. Substitution of a single glass bead, of
the correct volume, was then tried. This method also produced unequal
glass distribution but not as many instances of glass running over the
edge of the piatform. Glass preforms available during the development
period of this machine did not produce the required clear glass seal so
they were not usable. Preforms available now, although improved, still

do not meet all of our requirements. Therefore, in order to obtain more
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uniform glass distribution, it was decided to ppovide the glass in ring
and slug form. The glass ring feeding station has never been changed
from its original design, with the exception of lowering the escapement
to accommodate headers with shorter leads.

The glass slug feeder has been rebuilt twice. The original design
used & bushing, with a reciprocating vertical motion applied to it, sube-
merged in a hopper to fill a tube with the slugs. At the proper time
the amplitude of the pulsation was made large enough to push a bar, by
cam action, and force the bottom glass slug ahead into a feed track.

With the feed track filled with slugs, this pushing action forced the slug
at the outer end of the track to drop off into an awaiting mold. This
method worked until the advent of the header with the butt-welded
collector lead design. The new header design required a 90 degree rota=-
tion of the leads in the glassing mold, positioning two of the lead wires
so that the glass slug had to be forced between the leads to load it
properly. The original lead arrangement presented no problem for only a
single lead wire had to be passed and this was easily done.

The original slug feeder was not capable of congdstently perform=
ing the operation due to an accumulation of tolerances of the slug
diameter that caused uneven spaecing in the feed track. To overcome this
problem, it was decided to push one slug at a time from the bottom of the
feed tube out through the feed track to & point between the lead wires
where it could drop into the platform. Three problems, which could not
be overcome to owr satisfaction, forced the abandonment of this new
method: Keeping the glass slug upright was one of them. Constrictive
resilient materials were placed in the feed track to keep the glass slug
upright; however, they did not last long enough to be economical:

Preventing the slug from being propelled over the mold cavity as it
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passed between the lead wires was another problem; even after the station
was raised to allow the slug to be pushed between the lead wires at a
point where less spring action from the wires was encountered, control
of the slug could not be maintained. The butt welded collector lead
presented the third problem. When a lead had not been welded in its
proper position or had been bent by handling so that it prevented the
glass ring from dropping into its proper position, the glass ring was
shattered when the glass slug was pushed into the mold. This resulted
in fouling of many molds because the glass chips which were not removed
fused to the mold in the furnace: during the Header Glassing operation.
Glassing molds fouled in this manner could no longer be used because

they caused malfunctions at the various stations on the machine and the
fused glass could not be removed without intolerable demage. The present
glass slug feeding station, described previously in this report, does

not feed olugs betwecn the leads and is not obstructed by improperly
seated glass rings.

The lead tip welding operation was not a part of Header Assembling
at the inception of this project. During the development of mechanized
processes for high volume transistor production, preservation of lead
straightness was found to be advantageous. The original design of this
machine was almost completed when welding the lead tips was conceived
to strengthen the leads and preserve lead straightness. A welding
station was then added. The first trial at preserving lead straightness
was to randomly gather the leads, near their tips, and weld them together.
This method was not reliable. Electrical resistance of the oxide coating
on the leads was too high to obtain a weld strong enough to withstand the
heat of the glassing furnace as well as the stresses applied while barrel

plating the headers. 1In an effort to keep the lead tips unoxidized for
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ease of welding, resistance heating of the portion of the lead used 1n'
the glass seal was then tried. This heating was done in the proper
atmosphere in order to form a good oxide coating. The oxide formation
was good; however, the method had to be discarded as the resistance heat-
ing caused strains and deformations of the lead that could not be
tolerated. It was not until after the development of the process where-
by the oxide coating was applied to the various parts after they had
been assembled in molds that a satisfactory lead tip weld could be made.

A plating problem arising from randomly gathering the leads and
making the weld, unforeseen when that method was chosen, forced further
refinement of the welding station. An undesirable condition known as
"shadowing" arose. This was caused by the proximity of the leads as
welded which prevented proper flow of the plating ions and resulted in
uneven plating. To overcome the problem, three things were done: the
leads had to be combed; the two outer leads had to be formed in toward
the center one, and the three lead tips had to be held in one plane and
then welded togather.

The glassing molds originally designed for use on the machine had
13 positions and were made of inconel. Inconel was chosen because it had
a greater wear resistance than carbon and withstood the high temperature
in the glassing furnace better. Two cylindric;.l pieces, machined and
then pressed together, formed one subassembly or individual mold position.
Thirteen of these subassemblies were then aligned and pressed into one
rectangular bar 5 inches long to form what is called a mold. They were
difficult to make and expensive. Much time was spent on liaison between
the suppliers and Western Electric Company personnel in development of
manufacturing methods during the procurement of them. Change-over to

ceramic glassing molds was done for two reasons: First, because ceramic

148



molds are easier to make and cheaper. Secondly, inconel could not be
used with the new glassing process since the oxide coating is applied to
the leads and platforms after they have been assembled in the molds.
Oxide build up on inconel was too rapid.

The ceramic molds are also rectangular but have only 12 positions
in a Seinch length. The number of positions was reduced to provide more
clearance between units. These molds are molded to rough dimensions,
heat treated, then machined to final dimensions and finally fired. The
change=over 1o ceramic molds caused changes to bhe indexing pawls and the
mold locators. On the inconel molds all indexing and locating was done
using the cylindrical portions that projected above the rectangular base
piece. The ceramic molds have no pprejections, instead notches in one
side have been provided for indexing and locating. The index pawls that
were used for the inconel molds were reshaped and relocated to suit the
ceramic molds. These did not provide the precision required. The pawls
had a tendency to slip out and move the mold shead in an unpr‘edictable
manner. Both the pawls and the mold notches were redesigned and have
worked trouble=free since.

The machine, as originally designed, had a station to unload molds
as they returned from the furnage. It also had a station for loading
platforms. Both these stations were rendered obsolete with the advent
of the collector lead-platform suba.ssez_nbly. These stations have been
removed. There were also a serles of fault detectors, located at various
stations. These were found to be troublesome and superfluous; they were
also removed.

The drawings for the original machine were made at the Reading,
Pennsylvania office of Sanders and Thomas, Inc., Pottstown, Pennsylvania.

This was done under daily supervision by Western Electric Company personnel.
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The machine, except for the frame, was constructed at the Laureldale Plant
of the Western Electric Company, Inc. The frame was built by the Textile

Maechine Works of Wyomissing, Pennsylvania.

v Performance

The shop trial runs of the rebuilt machine were started in
September 1962 and completed by the end of December 1962. During that
time over a half million headers were assembled with a mechanical yield
of 90 percent. Inspection records taken from random lots of headers
after glassing permitted the categorizing of defects. The information
gleaned from these sahple lots was then used to determine probable causes
of improper machine performance. A portion of the sample had bad lead
location: Improperly welded platform-lead subassemblies that cannot be
securely held during the tip welding operation are the greatest cause of
this defect. Oxide build up in the molds also caused trouble; on oxidized
molds, the leads were much harder to insert causing Jams at the lead feed-
er. Many of the headers in these molds would also stick in the mold
cavity. This condition causes cracked glass at the meniscus aroung the
leads due to the excessive force needed to pull headers out of the mold
cavities.

The glass feeders in general worked very well during the shop trial
runs. Troubles encountered were caused by an occasional broken or out=of=
specification plece of glass. These malfunctions caused headers to be
assembled without one of the pieces of glass until the defect was observed.
Missing pieces of glass could be added by hand before the parts were
admitted to the glassing furnace; however, occasionally a header slipped
by without this correction and had to be rejected for low glass. Mechani=-

cal sorting of the glass will be investigated in an effort to cull out
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defective glass parts.

Bent leads, both on platform=lead subassembly and the two isolated
leads, gave trouble on occasions. Bent isolated leads affect the working
of the lead feeder while bent collector leads on platform=lead sub=
assemblies interfere with smooth operation of the tip welding station.
Malfunctions caused by bent leads disturb the fine adjustments necessary
on the lead feeding and tip weld stations.

In general performance during the shop trial was satisfactory.

The two main offenders were the faulty parts (bent leads, broken or over-
size glass, and impraoperly welded platform-lead subassemblies) and the
difficulty encountered in keeping some of the mechanisms in the close

adJustment necessary for continuous operation.

v Evaluation

The addition of this machine to the facilities for T0-18 package
transistor production makes possible a greater output of a more uniform
product than the manual method. One machine operator with two helpers
to load collector lead-platform subassemblies, can process 1,440 units
net per hour. Using manual methods, one person is pressed hard to maine-
tain an average hourly output of 200 assemblies and those units would
still require lead tip forming and welding; another person would be re=-
quired to do that. The average hourly output of & manual straightening,
tip forming and welding operation is only 300 units net per operator.

Although this machine does save a great amount of floor space and
does produce a more uniform product at a higher rate per operator; im=
provements could be made that wculd lncrease the output per operator.
One improvement would be the addition of a station to mechepicelly load

the collector lead-platform subassemblies. This would release the two
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persons now performing that task. Another improvement, perhaps needed
even more than a subassembly loading station, is the development and
application of a method to insure the cleanliness of the molds used on
this machine.

This machine will do all that it was designed to do. Its

efficiency is dependent on the quality of the materials handled by it.

VI Conclusion

The machine fulfills the purpose of providing a means for the
high volume assembly of TO-18 headers. It does this even though the
product and processes have been changed numerous times. Some of those

process changes were brought about by problems encountered during the

prove~in of this machine. However, improvements such as those previously

described should be made during Phase 2 to increase its output.
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HEADER GLASSING

I General

The Header Glassing Machine, or Seal-Ox Furnace, is a dual atmos=
phere furnace which oxidizes metal plece parts in one zone and fuses a
glass~to-metal seal in the second zone. The unit, or header, is pre-
assembled before entering the furnace.

The objective of this equipment is to produce a hermetic glasse
metal seal with sufficient mechanical strength to withstand subsequent
thermal and mechanical shocks induced during the wafer bonding, wire
bonding, and encapsulation operations. Greatly contributing toward this
objective is the unique processing feature of this furnace which allows
the forming of an oxide at 800°C and the glassing at approximately 980°C
without cooling the oxide to ambient between these two operations. Since
the induced oxide has a very slightly different coefficient of expansion
than the parent metal, it can be recognized that there exists a tendency
for the oxide to flake off unless many prerequisite conditions exist.
This new process, therefore, circumvents many of the conditions which may
cause flaking by accomplishing the seal before the oxide cools.

In addition to consolidating many furnace operations into one, the
furnace is capable of glassing approximately 3,200 TO=-18 headers per hour
or 1,600 TO=-5 headers per hour. This is an increased production rate of
at least 50 percent over any pusher furnace now in operation at Laureldale.
By virtue of the fact that all oxidizing of metal parts is done after
parts are assembled, the need to handle oxidized metal perts in mechan=
ized operations prior to glassing is eliminated. This eliminates all

possibilities of oxide deterioriation or contamination due to handling
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or assembly operations.

Output of the furnace after several months has been at the design
level for both TO-5 and TO-18 headers. The furnace has not been turned
off due to technical difficulty siace prove-in was completed. The only
down time accrued by the furnace was due to periodic cleaning and tempera-
ture probes. No further modifications are anticipated on the furnace

proper.

II Unmechanized Process

The present manual process utilizes four furnaces: two furnaces
for lead preparation, one dual-purpose furnace for platform preparation,
and one furnace for header glassing. The manually made header is pro=-
cessed as listed below:

1. leads Preparation

a. Chemically cleaned

b. Pre-oxidized in conveyor furnace

¢. Chemically recleaned

d. Decarburized in pusher furnace

e. Oxidized in conveyor furnace
2. Platform preparation

a. Chemically cleaned

b. Decarburized and oxidized in Tandem conveyor furnace
3. Assembly and Glassing

a. Assemble glass and metal

b. Fuse glass at 1000°C in glassing furnace with

8lightly oxidizing afmosphere
The present glassing furnaces have an hourly output of approximately

2,000 T0-18 headers per hour.
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III Description of Furnace

The furnace is 36 feet long, 6 feet high and 2 feet wide (see
Figure 3.6-1). A one-piece inconel muffle of "D" type construction is
supported on a structural steel frame and suitably insulated at all high
temperature areas. Nitrogen and alir are piped beneath the muffle and are
introduced into the muffle thru holes in the muffle floor. Atmosphere is
extracted at the entrance and exit of the oxidizing zone by means of a
BTU Engineering Corporation patented diaphram. Basically the diaphram
consists of an annular shaped piece of tubing containing a number of
holes thru which the atmosphere is drawn. Provisions are made around
this ring for cooling due to the high temperature of the gas being exe
tracted.

Boats are sutomatically loaded by means of a pneumatically operated
rod which pushes boats off a feed conveyor onto the furnace conveyor. A
pair of photoelectric interlocks and a timer regulate the rate of boat
feed and prevent Jjameups. The timer setting determines the space allowed
between each boat.

The instruments and flow rates are grouped in one panel located
directly above the glassing zone. (See Figure 3.6-2) The entire panel
can be removed from the furnace by removing the bolts at each corner
support, disconnecting all atmosphere lines, and disconnecting the U440
volt power line.

The exit end of the furnace contains a 3=foot water jacket which
is attached to the muffle with a bolted flange. The water jacket re-
quires very little water flow (less than one gallon an hour).

The furnace is zo0ned into essentially four parts: the first, or
preheat zone, raises the temperature of the header to 800°C in a nitrogen

atmosphere. The second zone is the oxidizing zone (800°C) and contains
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dry air. The third zone is the glassing zone (1,000°C) and contains
nitrogen. The last or cooling zone, contains nitrogen and anneals the
glass seal while bringing it down to room temperature.

The furnace is separated electrically into four zones. The first
zone is heated by an 18-inch set of elements regulated by a Brown Pyrowvolt
Controller.

The second zone consists of U4 sets of elements, each 12 inches
long, controlled by 2 Brown Pyrovolt Controllers (two sets of elements
per controller).

The third zone consists of two 18einch zones and two 12-inch zones.
Each of the two 18-inch elements are controlled by an individual Pyrovolt
Controller and the two 12=-inch elements are controlled by a single Pyro=-
volt Controller.

The last zone consists of four sets of elements, all controlled
by a single "Pyr-0-Vane" Controller.

Power to the elements is regulated by individual Power-Props. The
Power-Prop is a piloted control capable of controlling power to a non-
inductive load in response to a proportional D=C signal. The major
element consists of two silicon controlled rectifiers which will pass
zero to full load power, regulated by a D-C signel. The Power-Frop can
shut the load power off completely, load power being proportioned down
to sbout one percent of maximum load, énd ON=-OFF below that point.

The furnace is protected against overheat by four Weston Sensitrol
Overheat controls. Two controls are preset for the oxidizing zone and
two for the glassing zone. Power to the entire furnace is shut off if
one of the Overheat switches is actuated.

Maintenance consists essentially of lubricating all belt pulleys

and the periodic calibration of controllers and recorder. Normally the
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muffle can be expected to be replaced every two years.
Operation of the furnace by an operator consists only of loading
boat loads of glassing molds on the feed conveyor and removing finished

product at the exit end of the furnace.

Iv Machine Development

Experimental oxidizing and glassing tests were first run in an
existing conveyor furnace which was manually controlled. When these
tests proved the oxidizing and glassing cycle feasible, a set of speci-
fications involving temperature contours, atmosphere control, and belt
speed was assembled. These specifications were submitted to BTU Enginéer-
ing Corporation in Waltham, Mass. BTU Engineering Corporation then de=
signed and constructed the entire furnace around these specifications.

No unusual design or construction problems were reported by BTU.

v Operational Problems

During prove=-in the Zone‘l Stepless Power supply was found to be
faulty. A new unit was installed to rectify the situation.

The initial experimental runs were made with compressed air cire
culating thru the diephrams at both ends of the oxidizing zone. The air
was supposed to induce an exhaust of atmosphere gases due to the forced
convection principle. Very little atmosphere was exhausted with this
arrangement. Water was then circulated thru the diaphrams in an attempt
to create a greater temperature differential and thus induce more exhaust.
This attempt was also unsuccessful. Two Fisher vacuum pumps (Cat. No.
1-094) were purchased and connected to the diaphram outlets in addition
to a flow rate for each line. These pumps produced the desired exhaust

and have been in operation over eight months.
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VI Shop Trial
Before Shop trial began a change was made in header design for all

T0~5 and TO-18 headers. It consisted of butt welding the grounded lead
to the platform before glassing. This welding operation before glassing
appears to contaminate the rodar platform so that a decarburizing operae-
tion is necessary to clean the platforme-lead subassembly before process-
ing thru the Seal-0Ox furnace. However, this cleaning operation seems to
leave the metal surface in & good oxidizable state for a relatively short
period of time; i. e. less than one day. (This mesns that the process
must be speeded up to a point whereby parts are decarburized, assembled,
and sealed within a short period of time.)

Defects due to a long delay show up as large numbers of small
bubbles on the platform sidewall. In extreme cases the bubbles are large
enough to cause rejection of headers. 1In most instances the bubbles are
small enough so that an acceptable unit is produced, but the very presence
of these bubbles indicates that more work must be done in the pre-furnace
operations to eliminate this bubble problem. Bubbles have been one of
the major defects, attributable to the furnace, in units produced throughe
out the pilot run.

Another fact noted during the shop trial run is that at the be-
ginning and end of each run the furnace is not completely stabilized,
thermally or atmosphericelly. This unstaeble condition results in lead
fatigue defects and & heavy oxide coating on leads and platform. To
compensate for this a number of dummy boats loaded with ceramic blocks
are run before and after each run of headers. These blocks tend to
stabilize the entire furnece and eliminate the aforementioned problems.

A single furnace setting for both TO-5 and T0-18 headers hes been

the objective during both the trial period and the pilot run. However,
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except in isolated instances, a trend has developed which shows the oxide
on TO=5 units is less than T0-18 under identicel conditions. Many furnace
settings were tried to develop a compatible set of conditions but none
have been successful for a prolonged period of time. Tests are still

being conducted in this area.

Vil Furnace Performance

Output has been at the predicted rate but variations in quality
due to the short processing time available and incompetibility between
TO-5 and TO-18 has caused the yield to be lower than predicted. During
the pilot run period manually glassed units have run at approximately
10 percent higher yield than the Seal=Ox processed units. Major causes
of Seal=-Ox rejects, attributable to the furnace only, have been variations
in oxide weight gain and bubbles. If further experiments in these areas
do not prove fruitful, it will be necessary to establish separate settings
for each code and to process each code individually. Reducing the pre=
furnace processing time is a problem of shop scheduling and as such will
not be treated in further detail in this report.

No electrical, mechanical, or maintenance problems of any kind

were experienced on the furnace after the shop trial period was completed.

VIII Evaluation

Mechanically and electrically the furnace has proven 100 percent
reliable. Once controls are set by engineering, no operator knowledge
is required on the Job. The operator is required only to load and une
load the furnace.

It must be emphasized that this is an entirely new processing
sequence for mass production and as such the shop scheduling and come

patibility problems of different headers must be solved before the full
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potential of the furnace is utilized.

X Conclusion

As mentioned in the previous section, the furnasce, per se, is
meeting its initial obJective of oxidizing and glessing with 100 percent
operating relisbility. No furnace alterations or modificastions are
contemplated at this time. Processing techniques of the parts themselves
must be streamlined to provide the furnace with suitebly prepared metsl
surfaces prior to the furnace processing. If necessary, the various
codes will be run at separate specified times to teke advantage of ine

dividuel optimum conditions.
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HEADER LEAD TRIMMING

I General

The Header Lead Trimming Machine combines the five operations
which prepare the unplated header for subsequent processing. A single
operation is used to trim the emitter and baese leads in preparation for
Wire Bonding. Collector lead welding, which involves the four remaining
operations, creates an ohmic contact between the platform of the header
and the isolated collector lead. 1In so doing, this lead has to be
accurately processed in preperation for a relisble weld.

The manual process had rates and yields which were too low to
meet anticipated Nike~Zeus production requirements. Since meximizing the
yield increased the output to only half of this requirement, increased
rates were also required. This was accomplished by eliminating many
loading and transferring functions which are inherent in the manual
process. With an improved yield and a greatly increased rate, this
process was compatible with the mechanized production requirements. The
machine was rendered obsolete when the header design was changed to a

butt-welded collector lead.

II Description of the Machine

All operations of the Header lead Trimming Machine are performed
by single turret, multiple station, intermittent motion machine
(Figure 3.7=1). This turret has eight nests mounted on its periphery
(Figure 3.7=2). These nests are designed to accept an oriented header,
clamp and hold it in this position, while allowing the processing tools

access to perform the operations. These tools are mounted around the
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turret ( at appropriate staetions) and are individually powered. Control
of these stations, however, originates from a cam actuated switch which
is located adjacent to the mainshaft.

To load, the operator places a header against the front face of
the loading finger which has a groove to locate the collector lead
(Figure 3.7=3). The emitter lead then rests against a flat portion of
the finger which was provided to prevent the header from turning during
the loading operation. The operator then depresses the safety switch
and the cycle button to initiate the cycle (Figure 3.7=1). In the first
portion of the cycle, the turret indexes to present an empty nest to the
loading station while opening the clamp. During the second portion of the
cycle, the turret dwells long enough for the various mechanisms to com=
plete their operating cycles. In the loading mechanism, a l/20-horse-
power, 29-rpm motor drives a single revolution clutch. When this clutch
is released, the load cem makes a single revolution allowing the spring
powered load arm to advance supplying a forward motion to the drive link
and, subsequently, to the load finger. With the aid of an accurate stop,
the header is accurately oriented in the nest. The load finger trips a
switch which in turn causes the spring loaded clamp to hold the header
flange. The header is now rigidly and accurately held. Since the clamp
is thinner than the header, there is sufficient clearance for access of
the tooling which performs the subsequent processing. Finally, the
load mechanism returns to its original position and the tools are clear
for another header.

During the next cycle, the header is indexed to the next station.
Although this station is referred to as an idle station, it is used to
‘check the location of the collector lead. A rigidly mounted switch is

placed such that an accurately placed collector lead does not depress
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the switch actuator. If, however, a collector lead actuates the switch,
it is necessary to clear the nest before the next cycle can be initiated.

At the trim station, after the next index, the three leads are cut
off to a predetermined length. This station has a vertically mounted,
high speed grinder motor eccentrically pivoted and driven through a
linkage by a cam. Another l/20-horsepower, 29-rpm motor drives a single
revolution clutch which, in turn, drives the trim cam. An adjustable
link with a roller follower determines the depth of cut while the cam
itself determines the feed vf .ne trim wheel. This wheel is a .010=-inch
thick rubber bonded 180 grit carborundum pen slotting wheel. It is
mounted on the spindle of the high speed (16,000 rpm) motor which, in
turn, is mounted on an adjustable slide. This assembly may be adjusted
to change the height of the cut-off and is locked to insure accuracy of
the trim. At the present time, the height has been set at .160 inch.
When the main cam actuated switch is tripped, the single revolution
clutch is released and the 29-rpm motor drives the cam. The trim head
is then driven forward by the cam and the carborundum wheel trims the
leads. A spring returns the trim head while a dust collector removes the
particles which result.

The same dust collector is used to remove particles from the
notching station. This station is similar to the trimming station. The
wheel is set to the notch height of .125 inch. The wheel, which is ad-
Justed to penetrate the collector lead only .010 inch, makes the notch
and returns to its normal position.

Next, the header is indexed to the bending station where the col=
lector lead is bent 90 degrees. At this station, a 60-rpm motor drives
e bending arm which has an adjustable tip. This tip is adjustable for

both the height and the preferred orientation of the collector lead in
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the horizontal plane as shown in Figure 3.7-4. The tip bends the

collector lead as it passes over the lead. The motor starts when the
main switch is tripped and is powered for approximately one=half of a
revolution. At this time a cam, mounted on the motor shaft, depresses
a cut=off switch and the motor 1s allowed to drift to a complete stop.

The next cycle indexes the header to the welding station and welds
the collector lead to the platform. This station is powered by a 1/3-
horsepower, 30-rpm motor which drives the bottom electrical contact onto
the front of the nest while the collector lead is depressed by the top
electrode. To protect the electrodes, a switch is used to detect the
presence of a header in the nest as it is indexed into this station. 1In
the event that a header is not present, this switch prevents actuation
of the welding mechenism. If, on the other hand, the mechanism is clear
for running, the welding cycle is initiated. A single revolution clutch
is released and the motor drives & cam shaft. The weld firing cam is
also mounted on this shaft. A simple lever action is used to translate
the cam motion to the upper electrode and lower electrical contact. The
electrode is spring mounted to supply the proper welding pressure in
spite of slight variations of header height. The lower electrical contact
is also spring mounted and is rotated 5 degrees in a wiping action to
insure a good ohmic contact between it and the nest. After the weld is
completed, the welding mechanisms are returned to their normal starting
positions.

At the next station, the header is unloaded from the nest and
allowed to drop into a bin. Just before the index is complete, a fixed
cam under the turret actuates the unloading mechanism and lifts the
header hold-down clamp. The header is then unloaded by a cam actuated

ejector. During the turret dwell time, air is blown through the nest to
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insure that the header has been unloaded and to clean the nest.

The final index places the empty nest at another idle position.
Like the first idle station, however, this one also has a function. A
switch is mounted such that the actuator arm is depressed if a header
remains in the nest. If a header is in the nest at this position, the
switch prevents further cycling until the nest is cleared.

The operators major duties are to load the machine and to initiate
the cycle. Aside from this, however, minor duties include machine sure
velllance and clearing nests as required. For safety two cycle switches
are used. They are positioned such that the operator must use both hands
to initiate the cycle. This was done to eliminate possible injury to the
operator's hands. The control panel, which is within easy reach of the
operator, houses the indicator lights which denote the condition of the

machine.

II: Machine Development

When this process was done manually, four separate tools or fix=
tures were used to perform the four operations = trimming, crimping,
bending and welding (Figure 3.7=5). A horizontal turret-type bench fix-
ture was used to trim the three leads .160 inch above the header flange.
The collector lead was then crimped by a modified wire clipper which
coined two diametrically opposed notches into the sides of this lead
.125 inch above the flange. ILead bending was done manually with tweezers
after which the collector lead was welded to the platform with a
"Tweezer Weld". To provide clearance for subsequent processing, the
collector lead height was limited to & maximum of .128 inch from the
header flange. The location of the crimps, radially around the lead,

and the subsequent accuracy of the bend affected the ultimate location
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of the weld. Since the location of this weld was left to the discretion
of these operators, sometimes it was not properly placed and resulted in
glass cracks at the adjacent hole.

The primary objective was to increase the yleld as nearly as
possible to 100 percent by reliably locating the collector lead weld.
This alone, however, did not fulfill the anticipated production require-
ments of 600 units per hour. Therefore, a secondary objective became
necessary: The rate was to be increased by elimination of the many load-
ing, unloading and transfer operations required to complete the process
manually.

A decision to use welding equipment familiar at Laureldale elimi=-
nated the necessity to perform feasibility studies for this operation.
Feasibility studies were conducted for the loading, bending and trimming
only. The trimming, which employs the same basic approach as the bench
fixtures, had produced an objectionable burr on the end of the lead. A
study of the problem resulted in the introduction of a lead back-up plate
which supports the lead during the cutting cycle of the trimming operation.
This solved the problem. Since the notch in the collector lead did not
require a deep cut, there was little burr; consequently, there was no
need to support this lead while notching. The feasibility studies cone
ducted for loading proved that the original concept would provide a re-
liable mechanism with only minor changes. The high speed grinding motors
used for both the trimming and notching operations were quite nolsy.
8pecial muffles were designed and installed on the motors. They reduced
the high pitch noise to a tolerable level, but did not eliminate it as
some noise still escaped from the ailr exhausts needed to cool the motors.

Although the original concept of the bender was a rigid structural

member, it was replaced by a motorized concept during the design phase.
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This was done to make the bending operation more flexible. At the same
time, the loading mechanism was also changed because the original cone

cept required more room than was reasonably availsble in the machine.

v Operational Problems

Once prove-in was complete, the machine was installed in the pro-
duction area for shop trial runs. After a few hours the operator could
handle the machine alone, but 1tttook about a month before she could
develop the skills necessary to operate it at the forecasted rate.

Burrs formed during the trimming operation were troublesome on
the base and emitter leads. Those burrs formed at notching were not
troublesome because subsequent bending and welding operations masked them.
Initially, burrs were as large as .008 inch. The specified limit is
.005 inch. Extra care in adjusting and aligning the lead back-up plate
overcame the problem and reduced burrs to .003 inch.

After a few months of shop trial, the length of the trimmed leads
was changed from .160 to .114 inch to accommodate the header for wire
bonding to the tops of the trimmed leads. This change, however, obsoleted
the trimming station because the trimming wheel had to trim behind the
collector lead which was .125 ingh high. The machine was still used for
notching, bending and welding the collector lead. The other leads were
then trimmed in a secondary manual operation.

Shortly after this change the header was further redesigned to
eliminate the bent and welded collector lead design in favor of & butt
welded design. This change rendered the remaining stations obsolete.

The machine was then declared obsolete and removed from service.

v Evaluation

While this machine was in service, evaluations were made of its
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effect on the product and its mechanical capabilities. Results indicated
that the machine could not be substantially improved. It was mechanie-
cally and electrically relisble while operated on a single shift basis.
Continuous operation for a two or three shift period was not tried, but
it appeared that similar relisbility could be expected.

By eliminating repeated header handling, this machine almost
doubled the gross output per operator. It also increased the net output
by markedly reducing rejects at the welding operation. During manual
lead welding, weld placement could be veried by the operator. Consee
quently, header glass often cracked when a weld was made too close to
the lead holes in the platform. Mechanizing the trimming operation im=-
proved accuracy slightly but did not affect the yield significantly.

Certain improvements could be designed into similar Header lead
Trimming Machines. Although the loading mechanism of this machine
operates properly, it is structurally weak. Strengthening members were
added, but spatial limitations restrict their size.

The welding station, which is operated mechanically, is more
complicated than a pneumatic or a hydraulic design would have been. So,
modifications could simplify it; however, this station is relisble.
Cracked glass still occurs after weldihg if weld placement is not con-
trolled. To minimize glass cracking, the setting of the grinding wheel
at the notching station must be monlitored continuously. A simple screw
adjustment will correct for wear on the grinding wheel and eliminate the
problem.

The indexing turret, which forms the base of the machine was de=
signed by a subcontractor. After considersble prove=~in, 1t met expecta~
tions and performed as well as equipment available commercially. Cost

of another machine could be reduced appreclably by redesigning the
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machine for a standard commercial turret.

VI Conclusion

Shop trials have demonstrated that the Header Lead Trimming
Machine has the high=volume production capability required so long as
weld placement is controlled. The net output per operator was ﬁore than
tripled by mechanizing the operation; it increased from 184 to 580 units
per hour. This marked increase was made possible not only by increasing
overall efficiency but also by markedly decreasing header damage or
destruction during lead welding. More uniformly and accurately placed
lead welds made this decrease possible.

Although a relisble machine is provided, two design changes to the
header have made the machine obsolete: butt welding the collector lead
and shortening the two internal leads. Certain machine components can be
improved but this is not practical now. Consequently, lead trimming re-
mains a semiautomatic operation and collector lead attachment has been
modified and mechanized as indicated in Section 3.h, Platform Lead

Welding.
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STRIP PERFORATING AND WELDING

I Genersal

The Strip Perforating end Welding Mechine prepares headers for the
Gold Plating operation by welding the tips of the leads to & steel band.
This band with heasders attached is then coliled on & reel which is the ine
put to the Header Continuous Rack Plating Machine. The Strip Perforating
and Welding Machine also perforates the steel band with exactly positioned
holes prior to the Welding operation. Hesders are manually loaded at a
gross rate of 875 per hour for the TO-5 type snd 1750 per hour for the
TO-18 type.

The mechanized assembly of the transistor demands headers with
exceptionally straight leesds end a more uniformly pleted surface. This
machine in conjunction with the Header Continuous Rack Plating Machine
produces headers exhibiting these qualities. Two Strip Perforating and
Welding Machines were provided to supply the strip sssemblies needed for
the Header Continuous Rack Plating operstion.

Ioeding headers into the machine and meinteining accurate tape
indexing presented problems during the course of the project. Automatic
header feeding remains as & problem to be solved during the Phase 2 por-

tion of the Contract.

II Machine Description

The machine bese resembles a double pedestal desk with a hardwood
top, 5 feet long and 3 feet wide. These pedestals, aside from supporting
the top, also house some of the electrical components. The welding trens-

former snd controller are mounted in the right pedestel and the fuse box
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and tske-up motor are located in the left pedestal. An electrical con-
trol box containing the teke=up drive rheostat and operating switches is
located on the teble top within easy reech of the operator. Figure 3.8-1
is an overall view of the machine showing the control box on the table
top and the controls for the welder in the right pedestal.

The mein mechanism of the msachine 18 assembled on a solid base
plate on the table top. It consists of the punch and die, the welding
mechanism, the header indexing end locating block mechenism, and the
separating rollers. A motor and gear reductor connected through e single
revolution clutch drives the various components.

One-half=-inch-wide by ten-thousandth-inchethick steel tape is
drawn from a coil supported on a suitable rack atop the table. This
tape is fed into the punch and die in a verticsl position. A hitch feed
mechanism automatically indexes the tape after an initial length is
punched manually. A small escapement working in the punched holes and
synchronized by the punch mechanism allows the tape to move a fixed dis=-
tance after each perforating cycle.

Headers are manually loaded into locating blocks mounted on a
chain. The locating blocks feed the headers to the welding station as
the chain is indexed and maintain header aligmment during welding. The
locating blocks and the steel strip ere synchronized by moving both with
the same indexing lever. After the headers are indexed into the welding
station, the moveble electrode moves laterally and pushes the strip and
lead ends of the header into intimate contaect with the stationary elec-
trode and the welding cycle 1s activated.

As the strip leaves the welding mechanism, it passes through a
header separation station which alternately deflects the headers to the

right and to the left of the strip. Cogged wheels are used to deflect
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the heeders as the strip passes between a sprocket and capture roller.
The strip is twisted horizontally for xeeling as it leaves the separation
station. Figure 3.8-2 shows a close up of the strip with welded headers
emerging from the separating rollers with the main mechanism in the back=
ground.

Two 2h-inch dismeter reels are mounted under the top at the back
of the machine. One reel is driven by the take-up motor and winds the
strip as it is indexed through the machine. While the prepared strip is
being reeled, a ribbon of filller material, supplied from the adjacent reel,
is wound sandwich fashion between layers of prepared strip. This filler
prevents the bending and tangling of the headers on a reel.

Chains with two types of loading blocks are provided to supply
headers to the welding station. The one type of loading block is designed
for TO-18 headers and aligns heeders on 1/k-inch centers; the other type,
designed for TO-5 headers, spaces the headers on l/2-1nch centers. When
running the TO=5 headers, a control is set so the welder fires only when
a header is at the welding station.

Loading the locating blocks with headers, monitoring the work com-
ing from the machine, adjusting the potentiometer for teke~up clutch
power, and obtaining help for changing reels constitute the duties of
the operator. With the exception of reel changing, women can operate
the machine. Male assistance is required to change reels since the loaded
reels weigh 44 pounds. Maintenance of the machine consists gprincipally

of sharpening of the punch and die, and changing electrodes.

III Machine Development

Development of the Header Continuous Rack Plating process created

a need for a machine to attach oriented headers to a continuous band of
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l/2-1nch steel perforated with small square holes. Development was
started by welding the headers on a manually operated bench welding
machine. It was found thet a 2-1/2-KVA transformer snd a synchronous
timer were amply suited for making the welds.

The most unique problem anticipated with the conception of the
mechine was a system for header feeding. This system would have to feed
headers in an end oriented position, hold the platform a,fixed distance
from the strip, and allow them to be fed so they are spaced on l/h-inch
centers after welding. The first concept on a header feed was a chain
with slotted blocks. These blocks would have the headers lying in the
slots with the platform held by a light spring against the edge of the
block. With the slots on 1/h-inch centers, the headers would be lain
into the slots and fed to the weld station. Only a slight change was
mede to this plan during final design. The blocks were turned 90 degrees
so that the headers were suspended by the platform‘in the slots.

The concept of punch construction was to have a punch and pilot
pin mounted in a heavy ram ass part of the main mechanism with the die
block mounted on the sub=base. The pilot pin was to align the strip
using the previously perforated hole as the aligning medium.

The experimentally welded units showed that with long leads,
headers would occasionally have their platforms rubbing one another.
Slightly steggering the headers after welding them to a strip proved to
be a remedy for the problem. After study, it was decided that a pair of
cogged rolls could be used for staeggering the headers; the cogged rolls
would bend one header slightly to the right and then the next header a

like amount to the left.
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v Operational Problems

The first prcblem encountered during prove-in of the machine was
difficulty in feeding the 1/2-inch steel tape. The machine was built
with strip guides that were apparently set too close. When the tape was
bent slightly, the force needed to pull a bend through the guides was
excessive, and the strip would not index the full distance. This trouble
caused improper indexing which, in turn, caused additional trouble. The
pilot pin, in the event of faulty indexing, would not pess through the
previous perforation, instead it would dimple the materisl between per=
forations causing another impediment to free travel of the strip. After
additional clearanre was added to the guide, the trouble occured less
frequently.

Due to these problems, design of the strip indexing system was
changed. A stop pin was added to the puich and die; this stop pin is
located in the die cavity at the position of the previously punched hole.
A friction surfaced roller was substituted for the sprocket that was being
used to index the tape through the machine. The new indexing system
works in the following manner:

On the fcrward stroke, the punch perforates the tape while the
pilot pin, slightly ahead of the punch, pushes the stop pin from the
previously perforated hole and aligns the strip for perforating. The
stop pin is then pivoted slightly toward the punch by a spring. After
the hole 1s perforated and the punch and pilot pin are withdrawn from
the strip, the stop pin rides on the portion of strip between perfora-
tions. When the punch is almost fully retracted, the indexing system
moves the chain with locator blocks attached and the friction wheel pulls
the strip. As the strip advances, the stop pin enters the newly perfo

rated hole and arrests it. This new design has greatly reduced the
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indexing and feeding problems.

Another problem was encountered with the clutchedriven tape-up

reel. The original leather clutch slipped as the reel neared its capacity;

therefore, a magnetic clutch was built into the machine replacing the
original clutch and solving the clutch slipping problem.

The original design of the machine had a large magnetic roller
which was used to facilitate feeding cf headers to the holding blocks.
This roller, with its strong magnetic field, caused bent leads while
transferring headers from the roller to the holding blocks. With the
large :magnetic roller removed, a trial run was made using manual loading
of headers directly onto the locating blocks, and it proved to be a more
acceptable method of loading the headers. As prove=-in progressed, it
was found necessary to use .0l5-inch-thick material on the Header Con=-
tinuous Rack Plating Machine; additional tape feeding problems again
occurred occasionally berause the friction drive 4id not create enough
friction to pull kinked portions of the .015-inch tape through the strip
guides. A sprrcket driven by a hitch feed mounted on a spring loaded arm
replaced the friction drive.

Eventually progress on feeding tape throngh the Header Continuous
Rack Plating Machine allowed .0l10-inch-thick tape to be used, thus .0l0=-
inch tape 1is now used for the Strip Perforating and Welding. This change
has improved the performance of both machines without requiring any addie-

tional changes.

v Additional Developments

During prove=~in, the possibility of plating the TC=5 header was
investigated. This header with its larger diameter platform and shorter

leads introduced a major handling problem for the Strip Perforating esnd
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Welding Machine. A new set of blocks with the header spaces now milled
on 1/2-inch centers and corrected for the new lead lengths was designed
and built. With the 1/2-inch centered headers, it was also recessary to
incorporate a switch to allow for changes in the welder firing circuit.
The original machine fired the weld current each time the welding elec-
trode ceme forward; however, for the TO=5 headers, the welder had to be
fired every other time. This additional switch, connected in series with
the original firing switch mskes it possible to fire the welder only when
a TO=5 header is indexed to the welding position. These changes solved
the feeding and welding problems whi~h arose while modifying the mdchines
to process TO-5 headers. New filler tape with a heavier cross-section to
allow for the larger diameter header was also provided.

When the lead length of the T0-18 header was changed, a new set
of blocks was made and filler tape with a different cross-section was
procured. The knowledge obtained from the investigation of the TO0-5
header was utilized for this redesign. During these developments it be=
came apparent that a second machine would be needed to balance the capac=-
ity of the Strip Perfcrating and Welding with Gold Plating operation.
So a second machine was built. This machine is a duplicate of the first,

and incecrporated all the changes made to date.

V1 Conclusions

Personnel can be readily trained to operate the machine. Mainten-
ance during the shop trial runs included mostly replacing and redressing
electrodes and resharpening of the punch and die. Occasionally, trouble
occurred from faulty indexing. In general, when headers with straight
leads perpendicular to the platform were used, the machine worked well;

bent leads on headers tend to Jam in the locating blocks and, at times,
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the leads are bent tc such a degree that the welding electrodes miss the
leads entirely.

The original goal set for these machines has been realized. Thou=-
sands of headers were prepared for strip plating while keeping the leads
straight. The machines are designed tc run at a net rate of 1,400 T0-18
headers per hour welded tc the strip. During shop trial run a net rate
of 1,200 headers per hour was held for over 100,000 pieces. For TO=5
headers which are welded on only every other stroke this rate 1s halved.

Additional work contemplated for continuation under Phase 2 would
be the incorporation of an automatic header feeding device, improvement
in the punch and die t¢ provide for a higher number of perforstions be=-

tween sharpenings, and an increased TO=5 production rate.
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STRIP-WELDED HEADERS EMERGING FROM SEPARATING ROLLERS
FIGURE 3.8-2
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HEADER CONTINUOUS RACK PLATING

I General

The Header Continuous Rack Plating Machine cleans and applies a
uniform gold plate on TO=5 or TO-18 headers and at the same time keeps
the header leads straight. The headers are welded to a steel strip in
the Strip Perforating and Welding Machine. The steel strip is then
utilized to transport the headers through the Header Continuous Rack
Plating Machine. This unique method of material hendling provides
straight leads and uniform plating.

The machine replaces a batch-type barrel plating process which
tangled and bent the header leads and produced variations in plating as
the headers were tumbled in the plating barrel. To date, headers plated
on“this machine are superior to barrel plated headers in both lead
straightness and quality of plated surface.

Feeding of the steel tape with the headers attached presented
the most difficult problem on the project. Corrosion resistance remains
as a problem; this area needs additional improvement as the corrosive
agents and atmosphere in and around the machine are more active than
anticipated.

The machine is versatile in that both TO=5 or TO-18 headers can
be processed by the machine. The only change necessary to shift from
processing TO-5 or T0-18 headers, or conversely, is simply changing the
rectifier output. The machine provided is capable of plating over 1900

T0-18 headers per hour or half as many TO-5 headers.
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I1 Description of the Machine

The main body of the machine is "U" shaped with the open part of
the "U" facing the control console. It covers an area 31 feet long end
11 feet wide with a 4-foot aisle up the center of the "U". The electrical
console is 3 feet wide and 10-1/2 feet long and is separated from the legs
of the "U" by a 3-foot sisle. Figure 3.9-1 is a schematic of the machine
and Figure 3.9-2 is an overall photograph of the machine proper.

Specific features built into this machine are:

1. A method of cleaning and plating that would assure
relatively straight leads.

2. A plating process that presented very nearly identical
conditions to each header thus assuring a more uniformly
plated part.

3. A method to economize on the amount of gold to be plated.

A reel stand at the input end of the machine plays the steel band
assembly into the machine with a magnetic brake providing an adjustable
drag on the reel. On this same stand another reel, driven through a
magnetic clutch, takes up the ribbon of filler tape that is played out
with the steel band. The clutch provides the necessary reel speed needed
as the reeling diameter changes. A similar reel stand is provided at the
exit end of the machine with the clutch and brake action connected to the
opposite reels. Each of the reel stands have provisions for two sets of
reels to aid in cut=over when changing reels.

A welding station consisting of a welding head, transformer, and
weld current timer is located between the input reel stand and the first
tank. Here, the ends of the steel strip are welded together to form a
continuous band. Besides transporting the headers through the machine,

this steel band also acts as a part of the electrical circuit connecting
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the headers by means of their welded connection, the strip, guide rollers,
contact springs, and suitable wiring to the rectifier.

At particular points in its travel, the strip runs submerged beneath
rollers. At other points the strip moves through the tanks in a vertical
position with the headers platform down and the strip above the liquid
level. On leaving these tanks the strip is twisted to a horizontal
position, by warping it between guide rollers so that the headers clear
the tank ends. Untwisting the strip lowers the headers into the next
tank. Figure 3.9-3 pictorially shows this action.

Each of the baths has a work tank and & reservoir. The solution
is transferred to the work tank from the reservoir by a suitable pump.
Weirs are used in the work tanks to control the solution level. The
plating solutions are filtered before being discharged to the work tank.
Solution temperature is maintained by s*eam coils in the reservoir, with
suitable temperature sensing controls regulating steam supply. A small
drain tube allows the solution to drain into the reservoir on machine
shutdown.

Suiteble spray systems are installed for rinsing between baths.
Immersion rinse baths follow the plating baths to salvage gold salts and
plating solution that are carried out on the parts.

Drying the parts is accomplished, first, by submitting them to a
steam wipe thus removing the excessive water and elevating the temperature
of the parts to aid in final drying. Then, an air dryer is provided for
final drying; this consists of a blower for circulating the air and a
3=tier finned steam heater for heating the air.

The strip is pulled through the machine by a capstan type drive
at the end of the machine. The capstans are two rubber covered magnetic

rolls which allow the strip to slip if & Jjam occurs. Separately driven
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rollers, one in each corner of the "U", act as auxiliary drives. These
rollers have a surface speed slightly higher than the strip speed; when
help is needed, the strip is pulled tight and the friction created by the
strip pulling on these rollers helps drive the tape.

A fixture has also been added for cutting the gold plated headers
from the strip as they leave the machine. This fixture has a shear blade
and a drive mechanism for driving and reeling the used tape.

Fumes are exhausted by & double exhaust system. The acid and
alkaline fumes are carried away by one system while the remaining fumes,
mostly cyanide, are removed by the other.

Two electrical systems are installed on the machine. One system,
connected to the L4O-volt line, is used for machine operation; 110-volt
power for the rectifiers is obtained from this line. A separate 110=-volt
system, obtained from a 220-volt lighting circuit, is used for an alarm
system to indicate component failure. Figure 3.9-4 shows an overall view
of the electrical control console.

Qutput of the machine is a continuous strip of gold plated headers.
This strip leaves the machine at a rate of 8 inches per minute producing
1920 gold plated TO-18 headers or 960 gold plated TO-5 headers per hour.
The strip can then either be rolled on reels or fed through the shearing
fixture where the headers are sheared from the strip, and directed into
a sintering basket, 500 per basket, preparatory to sintering.

In addition to the alarm system, various safety features are in-
corporated into the machine. All the baths are drained into closed
reservoirs when the machine is idle. A well planned exhaust system
sweeps the fumes off the tops of the work tanks and also pulls a
slight vacuum on the reservoirs. Following the acid pickling tank, two

water rinses are used to avoid carry over of acid to the cyanide
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solutions in the plating tanks, one is a spray rinse and the other is an
immersion rinse. The immersion rinse is the overflow type so that a level
of water is maintained in the event of a momentary water shutdown.

Maintaining bath make-up, changing reels, casual inspection of
machine and changing sintering baskets as they are filled constitute the
main duties of the operator as the machine is running. On starting, the
operator must also place gold anodes in position on the anode bars and
place various components in operation.

Maintenance of the machine should be at a minimum as much thought
vent into the design of various components to maeke them as trouble-free
as possible. Up to now, the ambient atmosphere with its corrosive action
has been the largest problem showing up as dirt from corrosion at the

electrical contacts, stiff bearings, and leaks in plumbing lines.

III Unmechanized Cleaning and Plating

Prior to the use of the Continuous Rack Plating Machine, headers
were placed in metal screen trays for cleaning and barrels for plating.
During the course of the proJject, an improved process was developed.
Improvements in the latter process, where practical, were also included
on the machine.

When the plating machine design was started, the manual process
for cleaning and plating consisted of 16 operations. Parts were first
placed in wire baskets and cleaned preparatory to plating; they were
then placed in the small plating barrel and plated, first with copper
(5 to 10 msi) then gold flashed, followed by gold plate to 175 msi
(milligrems per square inch); the parts were then rinsed and dried.
These parts were processed in lots of 500 in 270 minutes. During most

of this time, the parts were in solutions; therefore, an attendant was
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required only to transfer parts when various cleaning and plating periods
had elapsed. Figure 3.9«5 shows the parts ready to be removed from a
plating barrel.

The hand process today consists of 15 operations very similar to
above; however, changes in plating and cleaning solutions and reduction
in plating thickness cut the time required for cleaning and plating from
270 minutes to 105 minutes. A one=-inch reduction in lead length also re-
duced the amount of gold required per header.

Cleaning of the parts with the initial process consisted of vapor
degreasing, acetone degreasing and hydrochloric acid pickling, followed
by suitable rinsing. One can readily see the hazards that are presented
in this process; with this in mind, hot electrolytic alkaline cleaning
was substituted in the modified process.

The plating cycle during the period of the Contract was also
modified eliminating the copper plate beneath the gold to improve corro-
sion resistance of plated headers to high temperature wet oxidation.
This, in turn, required a gold striking bath having additional throwing
pover: throwing power being the term given to the ability of a plating
process to plate into recessed areas. Here, a low efficiency gold bath
is used with lower gold concentration, higher current density, and a
longer strike time. This new plating procedure, with its improved
corrosion resistance to high temperature wet oxidation coupled with ad-
vances made in Wafer Bonding, has permitted reducing the amount of gold
on the header from 175 msi to 75 msi.

Net outputs of the manual processes were 250 headers per hour for
the first process which included cleaning, plating and lead straighten-
ing and 312 headers per hour for the second process. These figures are

base outputs adjusted for efficiency and yield.
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One shortcoming of the barrel plating process is that it uses 18
to 30 percent more gold. 1In the plating barrel, contact rods are used
to make electricel contact with the parts; since these rods are part of
the cathode, they are plated. This gold can be reclaimed, but cost of
reclamation must be considered. Another deficiency is the inconsistent
Plating that is caused as the parts rub on one another and lose contact
with the contact rods as they are tumbled. This tumbling action also
makes a knotted mass of the headers by entangling end kinking the lead

wires.

Iv Development
The anticipated Nike Zeus program called for high production

machinery, giving a device with improved reliasbility. In an effort to
attain a header plating machine meeting these demands, development was
started on a new method of plating. The machine covered in this report
is the outcome of this development and produces transistor headers with
straight leads and a uniformly plated surface. Some of the first methods
considered for keeping the leads straight and providing better plating
were the use of spring clips or transistor sockets mounted on a chain.
Later, welding headers to a steel tape was conceived and, when more

fully explored, seemed to be the most practical approach. This method
was finally adopted; however, early in the development when grasping of
the headers by the lead tips was considered, it was pointed out that in
the past this method had been rejected due to fear of plating differences
resulting from the unequal current distribution in the insulated header
»1eads and the grounded lead. Parts welded to short pieces of strip and
plated in this manner proved this effect was negligible.

Various methods of carrying this strip with headers attached over
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or through tank walls were then explored. Parts could be fed through
weirs in the tank ends; however, the necessary weir shape demanded

pumps with relatively large capacity. Another plan of attach was to run
the strip in a horizontal position and by means of rollers run it over
the tank ends and then immerse it in the solutions; the problem presented
with this approach is that the strip is also plated which then requires
gold reclamation as an additional operation. The twisting or warping of
the strip by suitable rollers at the tank ends resulted from the detailed
study of the problem.

Another advantage of strip plating is that it permits selective
plating. The 175 msi plating was needed only on the platform to furnish
the surface needed for eutectic bonding of the wafer; less plating is
needed on the leads. With this approach as an obJjective, the plating
operation following the gold strike was separated into two operations:
first, the entire header was plated with 70 msi; after a rinsing opera=-
tion, the header entered a second plating bath where an additional 120
msi was added to the platform. This was done by adjusting the solution
level in the second plating bath so that it covered only the platform.
This provided a measurable saving of gold as 80 percent of the total
plated area existe on the leads.

With the method of handling the headers established, layout of
the machine components was started. The plating process indicated the
order of operation and times needed in the baths. Immersion time and
strip speed determined the length of the tanks. Because of the extreme
length of the machine, a "U" shape design was established. To provide
easy access to the work tanks, they were mounted to the inside of the

"U" with the large reservoirs below.



With a minimum of f'ive changes of solution per hour designed into
the machine, it was felt advisable to do all heating and temperature
control in the reservoir tank. Circulating pumps, filters, and solution
heat controls were mounted on the outside of the "U" to provide easy
access for maintenance. A system of chain driven sprockets was to be
used to drive the tape through the machine from a tandem reel stand,
mounted at the input leg of the "U", to another reel stand mounted at
the output leg of the "U". Each reel stand also had provisions for reel-
ing and playing out the filler strip. It was necessary to add this filler
between coils of material to provide proper reeling and to keep the
headers in adjacent layers from ensnaring and becoming bent.

About this time several subcontractors were contacted. They re=-
viewed our developments in order to quote on the design and build portion
of the machine. George L. Nankervis Company, Detroit, Michigan, was the
only supplier of the five contacted willing to undertake the project.

In general, their finished design was very close to the sketches
made during our development. One of the variations in their design was
the substitution of magnetic wheels in place of the sprockets for driving
and guiding the tape through the machine. The magnetic wheels used to
guide the tape utilize the field of the magnets to hold the tape up
against a guide piece for maintaining strip height.

The problem of strip feeding was greater than had been anticipated.
It was found that the forces building up as the tape was drawn and twisted
through the machine, increased to the extent that the .010-inch-thick
steel strip parted on several occasions. The strip thickness was then
changed to .0l15 inch. This increesse 1s thickness appeared to be a
solution to the problem; however, it was felt that the forces exerted

on the strip had to be reduced to eliminate possibility of strip failure.
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Since this problem resulted from our basic design, the machine was accepted
and shipped to our plant so that additional wocrk could be carried out on

this problem.

v Operational Problems

After installing the machine and connecting the piping, electrical
controls, and pressure bulbs for temperature recording, a full scale
prove=-in was started.

The largest and most time consuming problem was improving the tape
drive nechanism. Various changes were made. Today this drive runs well
with a .010=inch-thick stri;;. The magnetic guide rollers along the
machine were replaced by free turning sprockets and a capture roller,
which keeps the strip engaged with the sprocket. This modification
eliminated an operating problem which became especially troublesome when
ferrous matter collected on the magnetic rollers. The twisting or warping
action required to clear the tank ends also provided quite a drag; by
eliminating the twisting in all but the gold plating baths and converting
to a horizontal feed with immersion rolls, much additional drag was
eliminated. Another improvement in the tape drive was made at the corners
of the "U". The strip originally turned the corners on idler pulleys;
these 1dlers are now replaced by rollers driven by small motors so that
the circumferential speed of these rollers is slightly higher than the
tape speed. Now, if the tape is strained, tape pressure against the
roller increases friction and the tape is driven similar to a belt; when
strip pressure decreases, the roller slips inside the strip.

During the prove=-in period some trouble was encountered with the
small pumps used on some of the cleaning and recovery rinse station.

These pumps were mounted horizontally. 1In this position they were hard
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to prime because an air lock formed in the cavity. The pumps were then
mounted vertically. Now the air 1s removed as the pump is primed and the
problem is eliminated.

The alarm system used with the water sprays also needed changing.
A switch with a movable vane actuator was in the original design. After
installation was completed and the system was tried, it was found that
the flow of water through these switches was insufficient to energize
them. Another type of flow meter was substituted; it monitors water
flow and actuates the alarm system by sensing the pressure differential
across an orifice.

As the first parts were plated, bare spots appeared between the
leads. These spots were caused by a screening or shading action resulting
from inadequate space between the leads. This was remedied by spreading
and forming the leads before welding the tips on the Header Assembling
Machines. The headers now have the leads spaced in such a manner that
adequate free flow of plating ions is provided.

During the prove-in and shop trial runs, changes were made on
piece parts. The length of lead was shortened necessitating a change
in bath height; as a result, the standpipes of the tanks were modified
to permit ready adjustment of solution levels in the tanks. Additional
changes were also made in the plating process, elimination of copper
plating and decrease in gold plate thickness as described in the develop-
ment section. These changes also modified the operating cycle of the
machine. With the decreased gold plate and the shorter lead length it
was no longer practlical to add more plating to the platform in a second
plating bath thus the second plating bath was eliminated. The elimina-
tion of copper plating with accompanying changes in gold striking also

meant that the copper plating bath and cyanide bath preceding it were no
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longer needed. 1In spite of these changes, it was very practical to run
the machine as before, however, with the pumps and rectifiers for unused
tanks turned "off".

The problem of plating TO-5 headers also was investigated. The
larger diameter platform on these headers, with a resulting difference
in area to be plated, required different plating currents. Headers plated
with the new current settings established were satisfactory. The increased
diameter of T0-5 headers also meant that a thicker filler material was
needed and headers had to be welded to the strip on l/2-inch centers.
This reduces the capacity of the machine to Jjust under 1000 units per
hour for these headers. These were the only differences in plating TO-5
and the TO-18 headers.

Plating personnel readily adapted themselves to the mechanized
operation during shop triel runs.

Maintenance during the shop trial consisted mostly of repairs
caused by the corrosive action of the ambient air and the liquids used
in the machine. This appeared as dirty contact points in relays, stiff
bearings along the machine, and leaks from the piping and acid pump. On
three occasions the temperature sensing system of the steam regulator
failed and on each occasion it was found to be leakage of gas from the
bulb. The pressure gages on the cyanide baths had soldered connections
inside which were corroded by the solution. Replacement gages with monel

movement and alloy welded tube connections have been substituted.

Vi Machine Performance

Results during this shop trial period were very good. When the
operation was in control, plating was perfect. Occasionally a part had

to be discarded for Imperfections existing from an earlier operation. At
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times, a relay in one of the plating rectifiers would not work properly
and plating would go out of control. Another minor cause for rejections
occurs when bath composition goes out of control; this happens when a
chemical is not replaced as it is depleted and is an operator deficiency.
A small percentage of parts was also lost when the strip did not track
properly; some parts were badly bent whenever the strip left the rollers.

The yield from the machine during this stage of operation was better than

98 percent.
VII Conclusion

The electrical system of the machine has given very little trouble
and is simple enough that, except for precision relays in the rectifier
control circuits, the average electrician can maintain it. Barring
corrosive action, mechanical components of the machine also have per-
formed excellently.

Additional work contemplated for Phase 2 of the Contract is the
development of a quick method of evaluating the plated surface and the
incorporation, into the machine, of a station for chemically surface
polishing the header before plating. A method of evaluating the plated
surface very soon after the header leaves a plating bath is very desirable.
Corrections to the baths and controls can then be made soon after they
are found necessary. Headers are presently being surface polished with
a very brief acid dip before being attached to the strip. This process
is not compapible with the Header Continuous Rack Plating Machine. If
a suiteble process is developed, this operation could be incorporated
on the machine.

Since this machine replaced a batch plating process, which is a

highly productive type of manufacture, gains in estimated output were
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not anticipated. It is felt, however, with a better grade header, the
ratio of headers needed for bonding starts to finished transistors will
be reduced with productive benefit the out-growth. BSuccess in attaining
the original goal has been realized. The new technique for holding the
headers so that each part remains straight and see exactly the same condie
tions as it moves through the baths is definitely a great aid in making

& straight uniformly plated header.
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BARREL PLATED HEADERS
FIGURE 3.9-5
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CAN GETTER ASSEMBLING

I General

Fabrication of a moisture seeking non-tabulated can is accomplish-
ed on a straight-line Can Getter Assembling Machine. This machine is
actually composed of three seperate machine frames. The first or Can
Loading Section (Figure 3.10-1) receives precleaned and degreased non-
tubulated TO-18 cans and feeds, orients and loads these cans into pallets
that will act as a holding device for the furnace treatment and later
as a storage device while the parts await further processing. The pallets
are manually loaded into a rack by the operator and are removed mechani-
cally as required by the machine. The pallets are indexed along a track
and at successive stations cans are loaded into the holes or nests,
filled with measured amounts of finely ground pure nickel, and later placed
in magazines (Figure 3.10-2) for transportation to a controlled atmosphere:
moving hearth sintering furnace. This furnace, which is associated with
and a vital part of the process, is not considered to be part of the
Can Getter Assembling Machine, nor will it be covered in this report.

The second section which is known as Powder Leveler and Furnace
Loading Section (Figure '3.10-3) receives the loaded magazine from the Can
Loading Section. The pallets (Figure 3.10-2) are unloaded one at a time
from the bottom of the magazine and guided by a track to the leveling
station. After leveling, the pallet is placed on the furnace's moving
hearth. A timer controls the rate at which pallets will be fed and should
be set so as to allow a 1/k-inch space between pallets after they are on

the hearth. This machine will handle cans for both TO-18 and TO-5 devices.
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The third section of the machine or Getter loading Section
(Figure 3.10-5), receives the pallets as they emerge from the sintering
furnace previously mentioned. The nickel powder has now been fused to
the can and to itself forming a metal sponge that is firmly attached to
the can. At the present time the pallets will be manually loaded into
magazines and transported to the Getter loading Section where the
pallets will again be removed mechanically from the magazine one at a
time. This section of the machine is also of the in-line type. Pallets
are indexed from one station to another by an air powered indexing mech-
anism. After being removed from the magazine, the pallet and its contents
are clamped in a fixture, inverted, vibrated to remove any material not
firmly attached, returned to the track, filled with a measured amount of
barium hydroxide, heated to melt the barium hydroxide and loaded into an
identical magazine for transportation to a cantrolled atmosphere moving
hearth activating furnace similar to the one used for sintering. This
furnace, like the one previously mentioned, will not be covered in this
report. The basic or original purpose of the machine was to provide a
mechanized method of fabricating gettered cans of a quality that would
satisfy the Nike Zeus Contract and, at the same time, permit the manu-
facture of the large number of devices required.

Since the actuml machine, as covered by Contract No. DA-36-039-SC-
72729, 1s really three separate machines, each handling separate and
individual operations; the descriptién, deveiopment, operation and
conclusion portions will be handled separately. Each will be complete
within itself. The group will then be tied in ﬁy an overall evaluation
or summary relating original intent and the degree to which the final

machine satisfies this intent. The various sections of the machine will
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be handled in the order of their use in the process: The Can loading
Section, the Powder Leveler and Furnace Loading Section, and finally the

Getter Loading Section.

CAN LOADING SECTION

II Description
The Can Loading Section is an in-line machine approximately

8 feet long by 2-1/2 feet wide. The machine is built around a box-
type frame having a floor to table height of 3 feet. A 3/h-inch-thick
aluminum jig plate serves as a mounting surface for the stations which
feed and orient the cans, convey these cans to the loading or insert-
ing station, stack and feed pallets, measure and deposit nickel powder
into the cans, and restack or load the pallets (each pallet holds 112
cans) into magazines at a rate of 8,000 cans per hour.

Feeding and orientation of the precleaned cans is handled by
a Model EB-Ol1-C Syntron Blectric Parts Feeder fitted with a lh-inch
stainless steel cascade~type bowl (Item 1, Figure 3.10-1). This bowl
which serves to orient and feed the cans also serves as a reservoir
or magazine and has the capacity for 1-1/2-hours running time. The
bowl has eight discharge openings each of which is matched or mated ,
with a track in a stainless steel chute. (Item 2, Figure 3.10-1).
This chute conveys the cans via gravity to the loading or can inser-
tion station (Ttem 3, Figure 3.10-1), The empty pallets are loaded
into a magazine which also serves as the support for the stainless
steel chute. This magazine holds 30 pallets which is sufficient for
about 20 minutes of operation. .The machine is suitably interlocked
8o that when the pallets in the magazine fall below a predetermined

level, the machine will stop cycling. The can insertion atation is
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unique in that lowering the inserting frame opens the escapement,
prevents feeding more then one row of cens at a time, and moves all
other cans back about 1/32 inch to prevent overlepping of can flanges.
The inserting or guide pins have been drilled so that dry filtered
air can be blown through them to overcome static and/or magnetic
charges that might cause the cans to cling to the guide pins while
they are being withdrawn.

Indexing of the pallets, one row at a time, is done by &an air =
powered device that imparts a rectangular motion to the index pins.
The pins engage the next row of holes to be filled and moves them to
a position directly below the can loading station before being lowered
out of the way.

The pallets continue to move, one row of holes at a time, until
they reach a predetermined position under the powder load station (Item
4, Figure 3.10-1). When a pallet has moved into position under the
guide plate of this station, a shutter is indexed so that the measuring
cavities are directly above the cans. A vibrator is then energized to
insure that all of the powder previously measured is dropped into the
cans loading an entire pallet of 112 cans at one time. The amount of
powder entering the cans is determined on a volume basis. The shutter
or measuring plate, having 112 holes spaced on the same centers as the
holes in the pallets, is re-filled with nickel powder while the next
pallet moves into position.

From the powder loading station the pallets are moved to the
pallet loeding station where they are stacked in the megazine. load~
ing is from the bottom with the motion being derived from a hydraul-

ically controlled alr cylinder located directly below the aluminum
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mounting plate. The magazine loading mechanism 1ifts the pallet from

the track, trips a set of weighted fingers, and then lowers those

pallets in the magazine onto the fingers. The machine is interlocked

80 that the air operated lifting plate must have completely returned

to its lowest position before another pallet can be fed from the pallet

storage magazine located under the 8-track chute (Ttem 2, Figure 3.10-1).
In addition to the physical dimensions given at the beginning

of this section, it might be added that the machine operates from a

kho-volt, 60-cycle, 3-phase power supply and requires about 2 kilo-

watts of power. Air requirements are approximately 4 cubic feet per

hour at a line pressure of 85 pounds per square inch gauge.

IIT Development
The original feasibility studies were conducted with the idea

of using vycor discs as the moisture getting agent. Various spring-
type clips or holders were tried, discarded and even tried again using
different conditions and/or materials. The one, in our opinion, that
seemed to hold the most promise was what came to be called the "nail-
head". The "nailhead" was formed by cold upsetting nickel wire. For
this method the vycor disc was placed in the cans and the "nailhead"
was inserted with the head acting as a restrainer and the stem was
resistance welded to the can.. These units were centrifuge tested to
20,000 gravities with no visible or measurable deterioration.

The use of vycor was phased-out and all further development
work stopped when experimental work indicated that a more effective
getter could be fabricated using a nickel sponge saturated with a slurry
of barium and strontium carbonate. This presented a whole new set of

conditions, so development work was started to determine the feasibility
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of mechanically assembling a saturated nickel sponge pellet. About
July 1960, the development had progressed to the point that preliminary
deeign could be started. Formel design of a mechanized can-getter
assembly machine was started late in 1960. An artist's conception is
shown in Figure 3.10-8.

This machine was designed to feed and orient nickel pellets
saturated with the getter material having gold evaporsated on one side.
The machine was to place this pellet and a thin copper brazing disc in
each can. The can, brazing disc, and pellet were then to be loaded
into pallets for furnace brazing and activation. The design was com-
pleted about July 1961 and construction was started immediately.

About this time the development program indicated that a more
reliable, less expensive process involving less labor and allowing for
higher volume production was possible. The process that evolved is
basically the one used to date and resulted in the construction of the
machine covered by this report. The process consisted of forming a
nickel sponge by sintering finely ground nickel powder to the can and
to itself to form a sponge or porous mass. At this time the method
of introducing the gettering material had not been definitely decided.
Preliminary design work was started. It was at this time the decision
to build the machine in two parts was made. Late in 1961 formal design
was started and progressed satisfactorily. Several small mock-ups were
built to prove feasibility. The can feeding device that had worked well in
mock=ups did not function with the reliability consldered essential;
therefore, the can feeder was redesigned or reworked several times be=-
fore 1t would function with any regularity. Modifications to the pallets

were also made to improve the repeatability of the can loading motion.
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The powder load station consists of a fixed funnel plate which
also serves as the bottom of the hopper, a measuring plate which also
acts as a shutter, and a guide plate which also serves as the guide or
locator for the measuring plate. Originally, the measuring plate was
to be indexed by & solenoid having a 12-pound pull. BEarly work with
mock-ups indicated that 8 pounds would do the job. Actual practice;
however, indicated that upwards of 20 pounds would be required. ' A one-

inch bore air cylinder was substituted amd foumd to work satisfactorily.

Iv Operating Problems

When the machine was put into limited operation by the engineers
using new pallets, the machine performed reasonably well. After the
pallets had been through the furnace several times, the performance
deteriorated to the point that the can loading station required almost
constant attentions The can loading station was modified to insure
better location and insertion of the cans. The pallets were returned
to the shop for checking and possible reworking.

After the pallets were returned, the machine was again operated
by the engineers. At first, the machine operated very well, but after
the pallets had been through the furnace several times, the old problems
of Jams and/or misfeed returned. The index mechanism was checked, and
the diamond-shaped pins were found to be bent. New, heavier and stronger
pins were-installed.

The pallet indexing mechanism, as originally designed, was spring
driven with a positive return. This was done to prevent serious damage
to parts and/or machine in the event of a jammed can or other malfunc-
tion. The spring, which was under an average compressive farce of about

60 pounds, had to be reset at regular intervals to overcome normal "set'.
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To overcome this tendency of the spring to distort and still not have.
a positive movement, the activating force was changed from a cam to two
1/2-inch double acting air cylinders with flow control on the exhausts.
The spring mentioned earlier was removed. This change made it much
easler to remove and correct a jam caused by an erratic index or poor
can location. Maintenance time per Jam was reduced from about 10 min-
utes to about 1-1/2 minutes.
\') Conclusion

The Can Loading Section of the Can Getter Machine has demon-
strated that it can feed, orient and load cans into pallets and insert
measured amounts of nickel powder into these cans at the rate of over
8,000 TO-18 cans per hour. The quality and uniformity of the cans were

equal to or better than on the manual line.

POWDER LEVELER AND FURNACE IOADING SECTION

VI Description
The Powder Leveler and Furnace Loading Section (Figure 3.10-3)

is an in-line machine approximately 4 feet in length and 2 feet in
width. The machine is built around a box-type frame having a floor to
table height of 2-1/2 feet. This frame is capped with a 3/U-inch-thick
aluminum jig plate on which all equipment is mounted. An index motion
is provided by electrically controlled double acting air cylinders.
Speed control of the index motion is via flow control of the cylinder
exhaust.

The pallets are moved from the magazine to the moving hearth of
the furnace in three indexes. The pallets are fed from the magazine

by remdving the bottom pallet while the balance of them are supported
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on fingers (Item 1, Figure 3.10-4). When the pallet is indexed
from the magazine it is moved to the leveling station (Figure 3.10-3)
where a timer controlled electric bin vibrator levels the powder. The
pallet moves via a track to an idle station, the only purpose of which
was to permit the use of a shorter stroke air cylinder and, thereby,
reduce the length of the machine. The next index moves the pallet onto
the moving hearth of the furnace.

A timer (Item 2, Figure 3.10-4), located on the back panel of the
machine, controls the frequency of the index motion. This timer can
be varied from 15 seconds to 6 minutes. A second timer (Item 3, Figure
3.10-&) controls the length of time the pallet is vibrated. The only
requirement for setting these timers is that the cycle time for index-

ing be longer than the cycle time of the vibrator.

VII Development
The great difference in the operating speeds of the can loading

portion of the machine and the sintering furnace prompted the consid-
eration of a mechanized furnace loading device. Since the principle
drawback to the manual handling of the sintered powder method of getter
preparation was the dependence upon careful handling by the operator,
it was only logical to combine the leveling and loading operations.

The pallet feeding device being designed for the getter loading portion
of the machine was adapted since the operations to be performed were
identical. Prior experience with linear vibrators suggested that this
might be a suitable mechanism for leveling of the fine nickel powder.

A mock-up was made and given a trial in the production shops. This
mock-up served until the machine was built and is still used for small

runs on occasions.
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VIII Operating Problems

The machine was installed and operated the same day. During
use, several minor problems developed all of which have been eliminated
or brought under control by regular maintenance. The magazines origin-
ally designed for 25 to 30 pallets could not be easily handled by the
operators, so they were reduced in capacity and redesigned so that
they would hold a maximum of 15 pallets. Since the leveler and loader
handles pallets that have been manually loaded, in addition to those
that have been machine loaded, the machine requires vacuum cleaning of
the tracks once each week to remove nickel powder vibrated off the sides

and bottom of the manually loaded pallets.

IX Conclusion
The machine has demonstrated that it can satisfactorily level
the powder in the cans and load the furnace more uniformly and reliably

than operators can perform the operation manually.

GETTER LOADING SECTION

X Descriggion

The Getter Ioading Section of the machine is an in-line type in
which pallets are moved from station to station by an air cylinder (Item
1, Figure 3.10-6) which operates a pawl-type index. The pallets are
guided by the track visible on Figure 3.10-5. The machine is approxi-
mately 8 feet long by 2-1/2 feet wide. The frame of the welded box-type
construction has a floor-to-work-table height of 3 feet. The 3/&-1nch
aluminum jig plate which covers most of the table top is used as a
mounting medium for the various stations; hydraulically controlled air

motors are located on the underside.
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All motions on the machine are air powered, electrically con-
trolled, and suitably interlocked so that each operation must have been
completed or have progressed to a predetermined state of completion
before a related motion is initiasted. The machine mechanically unloads
pallets from a magazine, moves them to the shake-out station where the
pallets containing sintered cans are clamped to a section of track by
an air operated plate. The station rotates 180 degrees and vibrates
to remove any loose nickel powder from the cans, if any is present.
Then it returns to the feed track and the pallet indexes to the getter
loading station. This loading station is like the nickel powder load-
ing station described earlier. It adds identical amounts of getter,
barium hydroxide, to each can in a pallet whenever a pallet indexes into
position under the hopper.

At the next station, the heating station, can-getter assembling
is completed. The barium hydroxide is meited and attached to the
nickel sponge by heating the bottom of the can. The pallet remains
relatively cool and can be handled safely with bare hands. The heat
sink of this station is maintained at 140 - 1°C by four cartridge heat-
ers. One hundred twelve cylindrical projection are machined into the
top of the heat sink (see the heat sink to the left of the magazine in
the foreground of Figure 3.10-5). On signal from the machine the heat
sink rises and the projections enter the holes of pallets previously
indexed into position. After the projections contact and heat the
bottoms of the cans, the melted barium hydroxide enters the porous
sponge. After completing the heating cycle, pallets are indexed into a
magazine for storage and/or transportation to the activating furnace.

The machine 1s equipped for either automatic or manual operation.
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All controls are at eye level and within easy reach of the operator.
The shake-out station was completely enclosed in plexiglas because of

the hazardous operating requirements.

X1 Development
The development of this portion of the machine parallels the

development of the process. The intent and purpose of the sintered-
powder-barium~hydroxide process was to provide a moisture getter of
suitable capacity and ruggedness to match requirements of the Nike Zeus
Program and, at the same time, be capable of producing the high number
of devices required. 1In the development of the process, mock-ups of
the loading and melting methods were built and proved-in. The infor-
mation obtained from the use of these mock-ups was Incorporated into
the design of the machine.

The principle difference between the experimental method and the
mechanized version is the adoption of a high frequency of impact instead
of high amplitude and relatively low frequency impacts to remove loose
particles from the cans. Barly sudies indicated that both methods re-
sulted in devices that met the requirements of the T0-18 and TO-5 type
Nike Zeus devices. The shake-out station, as the particle removing
mechanism came to be known, required that the pallet containing 112 cans
with approximately a l/32-inch layer of nickel powder fused inside had
to be turned upside down (open side down) and vibrated to remove any
particle that had not become securely fastened. Rotary air motors were
purchased to provide the "flip-over" or 180 degree rotation because of
their apparent simplicity and safety.

Due to the off-center nature of the load, control of these motors

was not sufficient and the required operator safety was not obtained.
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Hydraulic cylinders were installed on eccentrics to act as snubbers

and provide some degree of speed control. Space limitations prevented
the use of sufficiently large oil cylinders so the station was redesign-
ed so that linear air motors (Item 2, Figure 3.10-6) with hydraulic speed
controls could be ugsed. The linear motion was changed to a rotary one
by the use of a rack and pinion arrangement. Suitable covers and

guards were installed to insure operator safety.

The design of the heating unit was done almost entirely by theory.
Heat losses were calculated using published heat transfer coefficients.

A Fenwall Proportioning Type Indicating Controller with a matched ther-
mistor probe was chosen on the basis of advertising claims of -1°%
sensitivity in the 140°C range.

Cartridge heaters were chosen because of dependability, availa-
bility, and compact size. Four heaters were chosen to better distribute
the heat and keep the temperature gradient within the heat sink below
2°C in the area being used. Actual checks on the surface of the heated
sink, using a thermocouple, indicated the total temperature variation
to be slightly over 3°C. In order to provide a means of checking for
heater burn out, a checking circult was designed to permit reading the
current drain of each heater while in use. This circult was necessary
since we chose to monitor the heat sink at only one point for temperature
control.

Of particular note is the electrical control circuit which permits
both manual and automatic operation. When the machine 1s operated man-
ually, all safetys and interlocks remain in effect so that no damage
to the piece parts or machine will be caused by attempting to operate

stations out of sequence.
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XIT Operation

The machine was installed and leveled with no unusual problems.
After the machine had been operated for several days, it was found
that if the machine cycle were stopped during the powder loading motion,
a second load of powder would be placed in the cans. A circuit to pre-
vent this was installed on the machine and suitably labeled. No prob-
lems were encountered with the mechanical motions of the machine, but
we did experience a variation in the amount of powder placed in the
cans. A sieve having a mesh size of USS#20 was installed in the hopper
to screen out oversize particles. This action corrected the condition,

and no further problems have been encountered.

XIII Conclusion

The Getter loading Section of the Can Getter Machine had demon-
strated that it can provide gettered non-tubulated cans of a quality
and uniformity beyond that obtained by manual methods. Because the
barium hydroxide is stored and handled in a closed hopper, less
material is lost or wasted. Presently, the machine is set to handle
one pallet of 112 cans every 48 seconds; this time can be reduced to
4O seconds if higher production is required and the increased production
can be handled by the activating furnace.

With this equipment, the activating furnace can be used more
efficiently and a higher production can be obtained from the equipment

now in use.

X1V Summary
The Can Getter Assembling Machine, as designed and built and

later modified, has demonstrated that it is capable of producing high
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quality non-tutulated closure cans for TO-18 semiconductor devices.
The machine was built specifically for the high reliability device
requirements of the Nike Zeus Program. The Can Gettering installation
of which the machine is a part allows for the production of the large
number of devices required with a minimum of floor space and operator
attention. The complete installation permits manual production to

be intermixed with mechanized production. The flow diagram of the
pallet (Figu:re 3.10=-T7 ) shows the path and relative locations of the

machines and related equipment.
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MAGAZINES AND PALLETS FOR
TO-18 CAN GETTER ASSEMBLING MACHINE
FIGURE 3.10-2
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OVERALL VIEW OF POWDER LEVELER AND FURNACE LOADING
SECTION ATTACHED TO SINTERING FURNACE.
FIGURE 3.10-4
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SLICE SCRIBING

I General

The 2N559 Slice Scribing Machine was built to mechanize manual
scribing operations, to reliably maintailn specified wafer tolerances,
to improve wafer breaking through improved scribing, and to increase
operator productivity. This machine can scribe om .020, .030, .O4O
or .050-inch centers and can maintain an accuracy of .0002 inch.

A need for this machine was emphasized by the contemplated high
volume Nike Zeus production requirements and the specific scribing
requirements of the Wafer Breaking, Screening and Ioading Machine.
Development of this machine was brought to early and successful con-
clusion. Similar machines have been bullt for the 2N560, 2N1051, and

2N1195 transistor codes under Contract No. DA-36=039-SC-81294,

IT Machine Description

The Silic¢e Scribing Machine consists of four major a.ssemblies.'
They are: (1) an indexing and locating mechanism (Assembly A, Figure
3.11-2) which provides the desired indexing and locating; (2) =
scribing mechanism (Assembly B, Figure 3.11-2) which provides the
relative motion between the scribing tip and the slice; (3) a pre-
cision cross-stage slide and a rotatable vacuum chuck (Assembly C,
Figure 3.11-1); and (4) a monocular microscope (Item 1, Figure 3.11-2)
used for viewing the slice during scribing and while aligning the slice
prior to scribing. Mechanized indexing of the slice 1s accomplished
through a solenoid controlled single revolution clutch, modified for

half revolution indexing, driving a 50-pitch precision lead screw.
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A locating device was provided to insure proper locating after each
index. Variation in the indexing increment is obtained by controlling
the number of half revolutions made by the clutch. A single revolutlion
of the clutch produces a .020-inch index, 1-1/2 revolutions produce a
«030-inch index and so on. Selection of the index increment is accom-
plished by shifting the selection lever (Item 2, Figure 3.11-3) to the
appropriate position.

To compensate for the variation in stripe spacing, common to
germanium slices, a compensating device has been built into the machine.
This device permits the operator to reduce the scribing increment .0015
inch maximum. A micrometer has been incorporated into the machine to
measure each slice prior to scribing. Correction to the index increment
is made by adJjusting the expanded scale (Item 3, Figure 3.11-1) to the
predetermined setting. Adjustment is made by turning the adjusting
knob (Ttem 4, Figure 3.11-1) in the clockwise direction. The scribing
increment is reduced with no change to the index increment by setting
the lead screw, drive motor, clutch, and locating mechanism askew to
the normal indexing axis.

The scribing and lifting action of the scriber tip is cam con-
trolled and independently driven by Assembly B, Figure 3.11-2. Index-
ing of the vacuum chuck and table assembly takes place during the
return stroke of the scribing tip and is controlled by a 1limit switch
and cam arrangement (Item 5, Figure 3.11-2). The operational sequence
of this machine is as follows: (1) the scribing tip drops to contact
the slice, (2) the slice moves relative to the fixed scriber tip to
produce scribing action, (3) the scriber tip raises, (4) the slice

returns to the initial position and is indexed one increment. After
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approximately 35 scribing passes, the lead screw and cross-stage slide
are automatically reset to the start position. After scribing has been
completed parallel to the stripes and the machine has reset to the start
position, the vacuum check and slice are manuslly rotated 90 degrees
and scribing is resumed.

The operator's duties consist of mounting the slice, aligning
the slice, measuring the stripe evaporation error, making the necessary
error correction, setting the slice to the start position, starting the
scribing action, and rotating the vacuum chuck 90 degrees after complet-

ing scribing in one direction.

I1T Machine Development

A typical manual scribing tool used prior to mechanized scribing
is depicted by Figure 3.11-4. Indexing and scribing motions were
individual operations performed by the operator. Before the slice could
be mounted to the scriber head, each slice was mounted in wax on a glass

slide. The limited accuracy and the quality of the scribe produced

by this method of scribing d4id not lend itself to mechanized wafer screen-

ing and bonding operations. The hourly output for manual scribing was
2.75 slices per hour. Mechanized scribing resulted in approximately
a 400 percent increase over manual methods with an estimated hourly
output of 12 to 15 slices.

Studies conducted in connection with this machine included
investigating the possibility of holding the slice directly to & vacuum
chuck and of making an indexing increment correction to compensate for
variation in stripe placement from one slice to another. Studies were
conducted to establish the most desirable scribing velocities, to ob-

tain maximum scribing tocl life, and to provide the best possible
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scribing with respect to wafer breaking.

In order to permit the machine to automaticallyvreset to the
start position after completing the scribe cycle, a single revolution
clutch capable of driving in two directions had to be designed. This
was accomplished by modifying a standard spring type clutch.

No device chaﬁges affected this machine; however, it was found
desirable to modify the machine to permit scribing on any of four
indexing increments at will. This feature was not included in the
original design and was not added until approximately one year after

the machine was placed in shop trial.

v Operational Problems

Numerous minor problems were encountered during prove-in and
early shop trial runs. It was found that the chain used to drive the
indexing mechanism caused considerable vibration and was consequently
replaced by a timing belt on pulleys. To further reduce vibration, a
vibration dampening material was placed under the machine. It was
learned that improved braking action could be obtained by replacing
the belt-type brake with an electric brake.

While prove-in revealed no major problems, considerable diffi-
culty was experienced at a later date with the original modified index
clutch. As a result, the clutch was redesigned. The improved clutch
combines two clutch principles into one versatile and extremely com-
pact unit. This clutch makes use of a spring-type clutch for index-
ing during slice scribing - while a ball-type clutch is overrunning.
When scribing has been completed, the cross-stage slide must be re-
turned to the start position. This is accomplished through the same

clutch; however, in reverse drive, the spring clutch is overrunning
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and the ball clutch provides continuous reversing action.

v Evaluation

The Slige Scribing Machine has performed reliably and contin-
uously for approximately two and one-half y;.a.rs. During this time
scribing has been extremely accurate and of a high quality with a minimum
of operator effort and machine maintenance. Due to the satisfactory
performance and high product ylelds - in excess of 98 percent - no further

work has been scheduled in Phase 2.

VI Conclusion

Success In attaining all original goals has been fully realized
with the completion of this machine. The wafer processing and handling
methods presently in use rely on the scribing accuwracy and scribe gual-

ity of this and similar machines.
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OPERATING MECHANISMS OF SLICE SCRIBING MACHINE
FIGURE 3.11-2
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INDEX SELECTOR OF SLICE SCRIBING MACHINE
FIGURE 3.11-3
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MANUAL SLICE SCRIBING TOOL
FIGURE 3.11-4
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WAFER BREAKING SCREENING AND LOADING

I General

The 2N559 Wafer Breaking Screening and loading Machine was bullt
to mechanize the manual breaking, screening, and orienting and loading
operations. The estimated hourly output of this machine is 700 wafers
per hour. The Wafer Breaking Screening and loading Machine is of the
in-line type and utilizes multi-pocketed wafer trays for wafer hand-
ling and storage. A special feature of this machine is that wafer
orientation is maintained throughout the process. As a result, no wafer
orientation or stripe detecting devices are used and reliability with
respect to orientation is very high.

A need for this machine was emphasized by the contemplated high
volume Nike Zeus production requirements. Development of this machine

has been brought to a successful conclusion.

11 Description of Machine

The Wafer Breaking Screening and Loading Machine (Figure 3.12-1)
recelves scribed germanium slice segments, breaks the segments into
individual wafers, passes the wafer under an optical comparator for
visual inspection, and then places them into wafer trays for use on
associated Wafer Bonding Machines.

This machine consists of the following mechanisms indentified
in Figure 3.12-2 by number: strip breaking mechanism (1), wafer break-
ing mechanism (2), 4-position inspection turret (3), wafer transfer
mechanism (4), strip index mechanism (5), and a tray index and locating

mechanism (6).
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A Nikon Optical Comparator was used as a base for the machine.
Electrical components, including relays, transformers, diodes, and fuses
are located inside the base and are accessible through doors located on
elther side of the comparator. Electrical impulse-type counters and
comparstor controls are located on the front of the comparator. ‘'Elec-
trical connection between the machine and the electrical controls located
inside the comparator base is made by means of a quick disconnect elec-
trical plug.

Lens focusing 1s accomplished by means of a vertical slide ar-
rangement provided between the machine and the comparator. Vertical
adjustment to the machine can be made by the operator as required.
Vacuum and positive pressure air are provided by an air compressor (Item
10, Figure 3.12-1) mounted on the comparator base.

Wafer viewing is accomplished through s Model III Nikon Optical
Comparator, equipped with a 300-power detection lens (Item 11, Figure
3.12-2) and a Fresnel type view screen. The comparator light source
(Ttem 12, Figure 3012-3) is recessed into the comparator base to provide
unobstructed access to all critical machine parts located on the machine
work top. A TO-watt, tungsten, episcopic lamp illuminates the wafers so
that a clear large image can be seen on the comparator screen.

The machine utilized a 110-volt, 60-cycle, operating circuit and
a 2l-volt D-C control circuit. An ultra-violet lamp was provided to
minimize the effects of static electricity on wafer handling. A shield
(Ttem 7, Figure 3.12-2) limits the ultra-violet light to the wafer trans-
ferring ares.

Mechanized wafer breaking is accomplished by breaking the slice

segement into wafer strips, feeding these strips to the individual wafer
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breaker, and breaking the individual wafers from the strip, one at a
time.

The slice segment to be processed is loaded into the slice re-
ceptical (Figure 3.12-4), The slice is manually fed into the strip
breaker slot in the strip breaker block (see Sketch A, Figure 3.12-6)
and the slice 11d (Item 8, Figure 3.12-2) is placed into position. To
avoid damage to the wafer strips and to permit the slice to slide freely
after the 1id has been placed into position, approximately .00l inch
clearance is provided between the slice and the slot in which the slice
is confined.

The slot in the breaker block is designed so that when the block
is lowered relative to the slice, a force is applied to the strip and
the strip is broken off. This strip is then fed, normal to the longi-
tudinal axis of the strip, into the inspection tw. .et pocket by the
strip pusher (see Sketch B, Figure 3.12-6). The strip pusher is .020
inch wide and .003 inch thick and automatically feeds the wafer strip
into the inspection turret pocket. Rach wafer strip is approximately
20 wafers long; consequently, strip breaking is required every 20
machine cycles. 'Each machine cycle is energized individually by the
operator upon depressing either the accept or reject button. After the
strip has entered the inspectlon turret pocket, the wafer breaker auto-
matically breaks the wafer from the strip. A 010 inch by .020 inch
finger holds the slice during wafer breaking to prevent the strip from
Jumping forward during breaking. After breaking, the wafer is held in
the inspection turret pocket by a vacuum drawn through an .008-inch-
diameter port in the bottom of each pocket.

The inspection turret serves four positions; they are: wafer
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breaking, wafer viewing, wafer transferring, and wafer reject, respect-
ively. The purpose of the turret is to transport the wafers to these
various positions. The wafers are broken into the turret pocket at the
break position after which they are transported 90 degrees counter clock-
wise to the viewing position. The wafer is then viewed by the operator
and either accepted or rejected by initiating the appropriate machine
cycle. If the wafer is accepted, it will be removed from the turret
pocket and placed into the wafer tray pocket when it reaches the transfer
position - 180 degrees counter clockwise from the break position. If
the wafer is rejected, no vacuum will appear on the transfer needle and
the wafer will remain in the turret until it reaches the reject position.-
270 degrees counter clockwise from the break position. Upon reaching
the reject position the wafer is vacuumed from the pocket into the reject
receptical (Item 9, Figure 3.12-2).

Wafer tray indexing is accomplished by a series of indexing pawls
which engage the rack of the wafer tray (Figure 3.12-5) and index the
tray +050 inch on each machine cycle. Accurate tray locating is pro-
vided by a V-shaped locating tool which enters the rake and locates the
tray during wafer transferring.

Electrical controls include the following switches:

(1) The Master On-Off switch controls all power to the
machine, air compressor, and ultra-violet lamp.

(2) The Comparator On-Off switch controls power to the
comparator light source.

(3) The Accept switch controls the machine accept cycle.

(4) The Reject switch controls the machine reject cycle.

(5) The Load switch activates the strip breaking cycle.
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(6) The Strip Index switch provides manual strip indexing.
(7) Accept and Reject Counter switches control counter
reseting.
The operator's duties include the operation of all switches and
controls, slice segment loading and feeding, and tray loading and un-

loading.

11T Teve logment

Barly concepts of mechanized, and partially mechanized, wafer
breaking, screening, and loading equipment included various combinations
of two and three individual tools; each of which would perform a part of
the total obJective. These machines would have consisted of a combined
scribing and strip breaking tool, a wafer breaking and loading tool,
and a wafer screening and orientating tool. A later concept consisted
of a wafer loading tool and a wafer screening tool with wafer breaking
remaining a manual operation. To facilitate processing wafers in the
bulk form, vibratory feeding equipment suitable for handling .020-inch-
square wafers was investigated. Also investigated in connection with
bulk wafer handling was automatic sensing equipment cepable of dis-
tinguishing the siripe side of the wafer from the bottom.

As a result of the afcorementioned studies, it was concluded
that successful wafer breaking, screening and loading depended upon an
extremely accurate machine and a minimum of wafer handling throughout
the process. Consequently, the wafer breaking, screening and loading
operations were combined on a single machine. By breaking the slice
into wafers without losing wafer orientation, a.nd screening and load-
ing wafers immediately after breaking, wafer orientation could be main-

tained with a minimum of wafer handling.
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Before design of a machine could be undertaken, a number of
prerequisites had to be considered. Scribed slices provided by the
manual scribing tools available at the time of these studies were not
suitable for mechanized wafer breaking. The quality of the scribed
lines and the accuracy of the wafers were considered inadequate and
unreliable for a fully mechanized wafer breaking, screening and load-
ing machine. It was this consideration that prompted the early invest-
igation of the mechanized slice scribing machine. A second prerequisite
which had to be considered was a suitable wafer tray, or carrier, to
facilitate transporting screened and oriented wafers from the screening
tool to bonding equipment. A wafer tray was designed and sample trays
vere built as sketched in Figure 3.12-5. Each tray has 100 square

pockets .005 inch deep and .022 inch squere.

v Operational Problems

BEarly prove-in of this machine revealed that the success of the
machine relied considerably upon the accuracy with which the machine
was built. It was found that in order to handle individual wafers, the
accuracy of many key parts had to be held to'plus or minus .0002 inche.
As & result, numerous parts had to be reworked. Further prove-in showed
that reliability could be improved by relocating the inspection turret
pockets on the perifery of the turret and allowing the wafer strip to
enter the pocket prior to wafer breaking., Difficulty was experienced
during early wafer breaking due to the lack of strip indexing control
and a clamp, or hold down finger, to hold the strip during wafer break-
ing. To provide controlled .020-inch wafer strip indexing, an accurate
gtrip indexing mechanism was designed and incorporated into the machine.

To prevent the slice from Jumping forward during wafer breaking, a hold
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down finger was added to the machine. This finger contacts a 010
inch by 020 inch area of the strip while straddling the wafer stripes
and holding the strip.

Prove-in revealed a large percentage of the loaded wafers were
being blown out of the wafer tray pockets by the puff of air expelled
from the vacuum transfer needle as & result of the collapsing vacuum
when the wafer was released. Relocation of vacuum valves and a de-
crease in vacuum tubing diameter corrected this condition.

Wafer strip breaking and wafer breaking was improved by crystal
orientating the germanium crystals prior to slicing. The crystal was
oriented in such a manner as to place specific crystal planes parallel
to the scribe lines. The result of such orientation is to produce wafer
strips with clean straight breaks, and sides which are perpendicular to
the top and bottom surfaces of the strip. It was found during prove-in
that slices polished by electrochemical methods could not be processed
through the machine successfully, and that all slices must be held to a

specified thickness 1.0003 inch.

v Performance

The Wafer Breaking and ILoaling Machine has been operating at an
average rate of 600 wafers per hour and a process efficiency of 90 per-
cent. A wafer loss of approximately 1C percent is being experienced
due to unsatisfactory strip and wafer bresking. Due to the small size
of the wafers being handled, it is not believed that this loss can be
reduced appreciably. The delicate nature of this machine requires that
the operator give i1t her full and continuous attention at all times.
Maintenance, to date, has been limited to the normal cleaning and lub-

rication specified. The only replacement part required has been the
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+003-inch-thick wafer strip pusher.

VI Evaluation

Mechanical and electrical systems of this machine have proven
relliable and accurate. Due to the delicate nature of both the machine
and the material being handled, above average skill is required of the
operator. Slice segment loading and all decisions made with regard to
vafer screening remain operator functions. As a result, the estimated

hourly output of this machine is affected by operator speed and efficiency.

VII Conclusion

Wafer breaking, screening, orientating and loading has been in-
corporated into a single machine, requiring a single operator, and
capable of screening approximately 700 wafers per hour.. The original
goals set for this operation have been fully realized. Wafers processed
through this machine exhibit clean, straight breaks and accurate orient-
ation.

Due to the delicate nature of this machine and the above average
s8kill required on the part of the operator, it is recommended that fur-
ther development work be done to simplify machine operation. Work
proposed for Phase 2 includes building and installing a slice feeding
mechanism, similar to the strip feeding mechanism, and an automatic strip

length compensating device.

254



Lt} Y m— o ——

WAFER BREAKING SCREENING AND LOADING MACHINE
FIGURE 3.12-1
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MECHANISMS OF WAFER BREAKING, SCREENING,
AND LOADING MACHINE VIEWED FROM LEFT
FIGURE 3.12-3
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100 WAFER POSITIONS

WAFER TRAY SKETCH

FIGURE 3.12-5
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WAFER BONDING

I General

The Wafer Bonding process includes the eight operations which unite
the wafer to the gold plated header. Six of these operations are, pri-
marily, handling functions which prepare the header and wafer for the
bond. Bonding involves the two remaining operations and is performed to
create an ohmic contact between the wafer and header. This bond, or
contact, must be mechanically strong, thermally and electrically conduc=-
tive, and without capillary volds. The wafer must be accurately placed
on the header in preparation for reliable wire bonding.

The manual process, involving lb operations, resulted in yields
and rates which were too low to be compatible with the anticipated Nike~
Zeus production requirements. Since maximizing the yield would not
sufficiently increase the output, greatly incressed production rates
were necessitated. This was accomplished by both the elimination of
the many handling functions and by decreasing the time required to pre-
pare for the bonding operation. With the introduction of a "quick-heat"

process, the yield was improved and the rate was increased.

II Description of the Machine

All operations are performed by a combined in-line and turret
type, intermittent motion machine (Figure 3.13-1) having 40 header
carriers in a rectangular track (Figure 3.13-2). These carriers are
designed to accept an oriented header, clamp and hold it accurately
while allowing access for processing tools. The tools are mounted along

one of the rectangular sides of the track which provides for 11 tooling
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WAFER BONDING

I General

The Wafer Bonding process includes the eight operations which unite
the wafer to the gold plated header. Six of these operations are, pri-
marily, handling functions which prepare the header and wafer for the
bond. Bonding involves the two remaining operations and is performed to
create an ohmic contact between the wafer and header. This bond, or
contact, must be mechanically strong, thermally and electrically conduc-
tive, and without capillary voids. The wafer must be accurately placed
on the header in preparation for reliable wire bonding.

The manual process, involving 1l operations, resulted in yields
and rates which were too low to be compatible with the anticipated Nike-
Zeus production requirements. Since maximizing the yield would not
sufficiently increase the output, greatly increased production rates
were necessitated. This was accomplished by both the elimination of
the many handling functions and by decreasing the time required to pre-
pare for the bonding operation. With the introduction of a "quick-heat"

process, the yield was improved and the rate was increased.

11 Description of the Machine

All operations are performed by a combined in-line and turret
type, intermittent motion machine (Figure 3.13-1) having 40 header
carriers in a rectangular track (Figure 3.13-2). These carriers are
designed to accept an oriented header, clamp and hold it accurately
while allowing access for processing tools. The tools are mounted along

one of the rectangular sides of the track which provides for 11 tooling
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positicns. “ontrol and power for these tools originates from cams mounted
on a mainshaft. A single revolution of the.mainshaft completes a single
cycle which is divided into two portions. The first portion provides the
time required for the tooling functions while the second portion is used
for indexing.

To load a header, the operator pre-positions the teb of the header
to the left and drops it, leads first, into the load tube. Since this may
be done at any time during the cycle, an escapement prevents the header
from dropping too far until the carrier is properly positioned. As a
cycle nears completion, an empty carrier (Figure 3.13-3) is positioned
under the load tube and a push rod raises the spring nut which, in turn,
raises the ~ollet. The cam surface on the collet rises above the bushing
allowing the collet to open. After the solenoid of the escapement is
energized, the header drops to the bottom of the load tube and the leads
enter the hole in the anvil.

By pressing the start button, the operator initiates a cycle.

The header is transferred to the carrier by the loading mechanism. A
locator captures the emitter and baese leads before the loading mechanism
retracts. While the locator holds the header, the collet depresses to
clamp the header flange between the collet and the anvil. With the
header clamped in its proper orientation, the carrier is indexed to the
next position which in addition to the next four positions 1s an idle
station.

While the header indexes through the idle stations, the wafer is
being transferred to the bonding position. To perform the wafer transe
fer function properly, a small vacuum pump is used to evacuate a hypo=-
dermic-type pick-up needle in the bonding head (Figure 3.13=4). The

wafers are delivered to, and loaded into, the machine by means of a tray
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which maintains the required wafer orientation. When the bonding head is
indexed over the wafer picke-up position, a ball detent holds the needle
"up" as in Figure 3.13-UA. At this time, the top groove of the needle
coincides with the top groove of the bonding head while the bottom groove
is blocked. As the head lowers, the tip of the unevacuated needle is
properly positioned over the wafer. The downward motion of the needle

is limited by the tray before a positive stop applies a force on the top
of the needle. When the bonding head is raised, the top groove becomes
blocked and the bottom grooves align to permit the needle to be evacuated.
The wafer is held against the tip of the needle; the positive stop is re-
moved, and the entire bonding head assembly rises to pick up the wafer
(Figure 3.13-&3). The wafer is indexed through two idle stations to the
bonding station.

At this station both the bonding head and the wafer are in position
to start the bonding cycle (Figure 3.13-4B). A bonding mechanism actuates
the electrode depressors. The electrodes contact the header while the
agitator spring contacts the needle; thus the bonding mechanism initiates
the heating cycle. After the header has been properly heated, the bonding
head is lowered until the wafer contacts the header, and the eutectic be=-
gins to form. As the bonding head continues to move down, the agitator
contacts and excites the spring; the needle moves to the "up" position,
and the ball detent applies the compression needed to make the bond
(Figure 3.13-4A). At the same time, room temperature nitrogen fills the
needle and exits onto the top of the wafer to ensure its release and to
cool the stripes. Shortly after the turret containing the bonding head
starts up, the heating cycle is terminated and the electrodes are lifted.
When the wafer loading turret reaches its uppermost 1limit, all of the

indexes take place: header carriers, wafer loading turret and header
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unloading turret.

After three indexes, the wafer bonded header is at the unload
station still clamped in the carrier. At the start of the unload cycle
the unload head, which is a nylon sleeve actuated by fixed stops, lowers
over the header as a solenoid raises the collet of the carrier. This
sleeve, which fits snuggly around the platform, captures the header and
lifts it from the carrier. The unload turret then indexes to a position
where the header is loaded into a header tray. This header tray, which
has a 15~header capacity, 1s loaded into the machine from a header maga-
zine. At the same time, 15 tray covers in a cover magazine are loaded
into the machine. As the wafer bonded headers are being loaded, the tray
slides onto a cover. After the tray is full and the cover is in place
to protect the finished units, they are loaded into another magazine.

In general, the mechanical systems consist of well=known compon-
ents,such as motors, linkages and cams. The electrical system, which
does not involve electronic devices, also utilizes common electrical
components, such as relays, switches and solenoids. Since well<known
components are used, the maintenance and lubrication is performed as a
function of either time or running schedule. Standard lubricants easily
obtained are used at specified time intervals during normal running
schedules; heavier operating schedules necessitate more frequent lubri=-
cation. Although this machine has not operated continuously through a
single shift the predetermined lubrication and maintenance schedules
have resulted in no component fallures.

The operator's major dutles are to load the machine and to initiate
the cycle. The operator can cycle the machine either by actuating a foot
pedal or the start button. Cycling may also be placed on timer control

by simply twisting the start button. The timer control was provided
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because the optimum rate of the machine is 1800 bonds per hour. An opera-
tor is able to manually load 900 headers per hour. If the operator initie
ates each cycle, however, the loading rate is decreased to 600 headers per
hour. Although the bonding cycle is adjustable, it is unaffected by the
ad justments made to accomodate the operator's loading ability. Other
loading functions of the operator include the loading of wafer and header
trays and covers, plus unloading the same. Header trays and covers must
be changed approximately three times per hour, while wafer trays must be
changed every 45 minutes. The major duties of the operator have been
simplified by the "safety ~ircuitry" described in the next paragraph.
Surveillance of the ma~hine by the operator is one of the most
important operator duties. TIn the event that the operator neglects any
of the loading and/or unloading functions, a low voltage "safety circuit"
stops the machine. When the machine is safe to run, all the indicator
1ights on the control panel are green. As the wafers and header supplies
near exhaustion, the indicator lights change to yellow. After complete
exhaustion of these supplies, the indicator lights denoting this state
change to red and the machine is stopped until the supply is replenished.
The most important function of this safety circuit is to protect against

mechanical failure of the machine.

III Machine Development

When this process was done manually, & single bench fixture was
used to perform the 14 operations which produced a wafer bonded assembly.
In this fixture; the header was heated by conduction in a heated nest.

Due to this heating effect, the nest would move. As a result, the opera=-
tor had to proceed cautiously to assure that the header did not move under

the wafer which would result in an inaccurate wafer location.
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Inspected headers and wafers were delivered to the bonding tool
in batch form. The wafers were placed on a small plate which was pro-
vided with a pair of "knife-edges'" to create a corner for orientation
of a single wafer. A header was loaded into the nest with the tab
oriented in a slot, and a toggle clamp was closed upon the header flange.
The operator burnished the wafer area of the header with the tip of the
tweezers after which a wafer was transferred from the corner of the knife
edges to the header by an evacuated hvpodermic needle. After initiating
the preheat cycle of approximately 30 seconds, the operator separated
another wafer from the batch and pushed it to the area of the knife edges.
The spike heat cycle of approximately 15 seconds was automatically started
after the pre heat cycle was completed. While the bond was being made,
the operator oriented the wafer and placed it against the knife edges.
The evacuated needle on a transfer arm was removed from the header and
placed over the newly oriented wafer. After this, the bonded assembly
was unclamped, unloaded and placed in a transfer tray.

At the beginning of this development, the slow heat cycle of the
manual bonding tools limited the operation to 80 bonds per hour. To in-
crease the output of this process, the primary objective was to find a
process that would increase the rate at which bonds were made. A second-
ary objective of increasing the yields was also necessary. The yield was
improved by reliably locating the wafer on the header, and the rate was
increased by eliminating some of the operations and introducing & new
heating process which is called the "quick-heat" process.

Feasibility studies for the header loading, locating and unloading
were made on a mock-up fixture which was used for carriler studies. This
fixture, designed much like a die set, had a lower plate which was used

to locate a mock-up of the header carrier. Above this lower plate,
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another plate with appropriate slotting and a hole was used to pre=-
position the header. Over this plate a pair of wires contacted the
emitter and base leads while above the platform a collet was introduced
from the top to clamp them. The wires and the plate were swung out of
the way and the header was transferyxed to the carrier manually. This
mock=-up fixture worked by virtue of the height of the lead sbove the
header = .140 inch.

Two other mocke~ups were used to investigate the feasibility of
the "quick-heat" process and electrode life. The first mock-up was a
fixture which accepted an oriented header and transferred the wafer in
the same manner as the manual bonder. A pair of electrodes contacted
the sides of the header which is used as a resistor. Although the
header was preheated to a temperature just below the eutectic tempera-
ture, the heating pattern was unpredictable. As a result, the heated
area was reduced. A new pair of electrodes were made. These contacted
the header on the top, allowing only enough room for the wafer and a
small amount of eutectic (Fiugre 3.13-5A). At the same time, wafer
trays were completed and the required mechanisms were added to the mock-
up. These changes increased the accuracy of both the heating pattern
and wafer location, eliminated the necessity for a preheat cycle and
proved the feasibility of the "quick-heat" process.

The second mock-up was designed to recycle a pair of electrodes
contacting a header continuously. This was done to investigate the life
expectancy of the electrode. With copper, redressing every 50,000 cycles
was needed. Depending on the amount of electrode removed during redress-
ing, the electrode life varied between 150,000 and 200,000 cycles.

Based on the feasibility results, the design of the machine was

started by a subcontractor. During this period, two device changes
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resulted in delays. Both changes involved decreasing the height of the
internal leads which finally resulted in a different header loading
concept. When the design was complete, the machine was started in con-
struction. There were no device changes during construction after which
the machine was installed in the prove-in area and test runs were made.
After some adjustments were completed, an evaluation run was made. A
control lot processed manually produced a 55 percent yield. The lot
bonded by the "quick-heat" method on the Wafer Bonding Machine had a

68 percent yield. Another evaluation run indicated that wafer stripes
were centered between the internal header leads to an accuracy of % .005
inch with the manual equipment, compared with ¥ .0015 inch with the
"quick=-heat" Bonder.

The next device change, involving the gold plating on the header,
affected the results of the "quick-heat" Bonder radically. Insofar as
the gold was harder, both the header resistance and the electrode con-
tact changed. After trying many metals, the electrode contact was im=-
proved by changing from a copper tip to a special alloy of silver and
tungsten. After this, the contact was further improved by changing the
profile of the tip (Figure 3.13-54). An elliptical area was found to be
the best, resulting in the heating pattern shown in Figure 3.13-5B. There
is a hot spot between the posts, with steady and slight cooling to the
contact areas which are slightly warmer but not as warm as the hot spot.

Two other effects, 