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Abstract

ABSTRACT

development of a system and prototype equipments for a mechan-
ized plant to manufacture CR-18/U and CR-23/U quartz crystal units at the rate
of 200,000 per month with one-shift operation. This report finalizes the System
Study and describes the processes and a man-machine system designed to achieve
this goal. The integrated manufacturing system will be highly mechanized and
completely eliminate the demand for critical operator skill. Approximately fifty
operators, none of whom require more than two weeks training, together with
112 pieces of major equipment will be utilized to produce 10,000 tested crystal
units per shift. Predicted yields are in excess of 150 good diced blanks or 100
tested crystal units per pound of raw quartz, based on the production of first
hzrmonic crystals of frequency berween 4.3 and 18 mc. and third harmonic units

ranging from 17 to 54 mc.
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“The assembly line is one of mechanization's most effective tools, It aims at an
uninterrupted production process, This is achieved by organizing and integrating
the various operations. Its ultimate goal is to mold the manufactory into a single
tool wherein all the phases of production, all the machines, become one great unit,
The time factor plays an important part; for the machines must be regulated to
one anotbar.”

MECHANIZATION TAKES COMMAND

S. Gideoa
Oxford Universiiy Press, 1948
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FOREWORD

| tion Program |4\—'—l%

: |The objective of this program is to implement the production ot
200,000 quartz crystal units per month from 2 single line with one-shift operation.

’J \ M‘nu acture Mechaniza-

The development of such 2 facility is a long-range undertaking on the part
of the Government. A plant of this type must be a smooth-working entity in
which men and machines are well-integrated into 2 continuous work flow. Cridcal
dependence on the skills of well-trained operators must be avoided if the facility is
to be usefully activated on short notice, as in the event of national emergency. On
the other hand, the production of quartz crystal units has in the past been an art
rather than an engineering science, and manufacture has been of the job-shop, small
lot type rather than straight line bigh-quantity production. If the facility is to achieve
its goals and produce crystal units of high quality, a hitherto unachieved amount of
skill must be built into the machines, while the operation of each machine type must
fit smoothly into the operations of the next in line,

In summary, such a production facility is a system, not 2 collection of machines.
Hence, as part of this contract, an intensive System Study has been implemented and
has proceeded hand-in-hand with the actual machine development. This document
is the final report of the System Study, and summarizes the work of many individuals
who have contributed to the present concept.

Two years of study and development on the operations involved in the mech-
anized production of quartz crystals have established the validity of the broad
prindples outlined in System Study No. 1 of this contract (dated 3 January 1955),
and bave served to confirm many of the machine and process details with remarkable
accuracy. The use of the systems csncept oo which this development program has
been predicated is thereby amply justified. In the large, the results of System Study
No. 1 have been confirmed, expanded, and altered where necessary to represent
the latest advances in the art as known 0 us.

The techniques of operations research, chemical and physical investigation,
machine design studies, and extensive contact and survey of other workers in Govern-
ment laboratories and industrial facilities have been fully utilized, and are hereby ac-
knowledged. Without the aid of many people, both within and without the Bulova
organization, it would not have beea possible to prepare this comprebensive report.
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Purpose—Introduction

PART 1
Purpose of Program, Results and Conclusions

PURPOSE The Maximum Order Board of Appendix I has beea

d as th . .
The purposes of the Quarez Crystal Mechanization used as the basis of desiga.

Program as outlined in System Report No. 1 are un-
changed, and may be usefully quoted bere. These are: INTRODUCTION
(1) To cut the delay between receipt of orders This Final Report summarizes the results of two
and delivery of large quantities of CR-18/U years stady on the processes and machines which make
and CR-23/U crystal units. up the proposed Mechanized Production Systém. The
(2) To cut the drain on the Nation’s manpower report is divided into three main sections.
resources and quartz resources during an emer- Part I is the summary and conclusions of the study,
gency. including data tabulated in the Appeadix.

(3) To increase the quality of the product, espec- Part 11 is a detailed description of the processes to
ially in the early days of any mobilization. which raw quartz must be subjected to be converted

(4) To decrease the cost of the product. into quartz crystal units meeting the rigid requirements

(5) To increase the general store of knowledge of of government specifications.
crystal manufacture and put into practical use Part 11I describes the man-machine system, which
devclo_[:mcnt gains made in recent years but implements these processes in an economical and ef-
not widely used in production. ficient manner, together with the reasoning and calcula-

More specifically, the technical goals of this program tons which lead to it.

are to produce 200,000 crystal units per month, consist- 1t should be emphasized that the choice of processes
ing of CR-18/U units from 4.3 to 18 mec. and CR-23/U which lead to a high yield of good crystal units is the
units between 17.0 and 54.0 mc. The use of mechaniza- most imperative phase of the program, It does not suf-
tion is to be introduced wherever necessary to reduce fice to develop ingenious machines if the quality of the
manpower skills below those which can be acquired with- product is amiss. Hence, the first goal of the study bas
in two weeks by the average operalor, of where ob- been to find processes which produce crystal units meet-
viously required to eliminate an operation highly ing military specifications and of the highest quality.
wasteful of manpower or raw material. The second mast important objective has been to choose
. among the processes which produce good crystal units
Mzay aspects of the system design of the plaot thosegwhichpaxe most amenzble to p:nial igcomplcte
must be fou.nde‘d. on the distribution of frequencies mechanization. Thirdly, this study aims at creating an
vyhxch is specified in the orders, and on the number and integrated system comprised of these processes, which
size of the orders received each month. This is not to combines manpower and machines in a manner most
say that _thc.plafxt is not capable of handling many dif- economical of human skills, of critical raw materials,
ferent (?lst.nbuuons of o.rdcrs. On the contrary, the and of overall production costs per unit of production.
vast majority of the machines and processes specified are
versatile to the extent that many types of crystal units Several topics of great importance have been ex-
may be manufactured and the production rate easily cluded from this report, as being outside its contractual
doubled by multi-shift operation. However, it is plain scope. To maintain high yields, a complete system of
that a vast majority of orders comprising 100 or 200 Quality Control consistent with present-day practice and
units would convert the plant into a job shop, and largely program objectives must be implemented. A study of
defeat the goals of straight-line production. It is neces- this phase should proceed hand-in-hand with the final
'sary to take some definite point of departure in a produc- machine develcpment to take advantage of any closed-
tion system ‘design, and this has been supplied on an loop control opportunitiés that present themselves. Pro-
informal basis by TASSA in the form of a sample Order duction Control is equally important, 2nd a study of final
Board. This is a listing of typical frequencies which integration, conveyance of material, stocking procedures
might be ordered ia any monthly period, and of the and records must commence soon. The emphasis in this
relative numbers of each uait which might be in demand. piant on sorting of crystal blanks as a major means of
We have utilized this listing as a basis for design in control in the intermediate operations (lapping to fre-
many cases. Radical departure from this average will quency), points up the problems. Finally, topics which
__', affect the production rate or may result in changes in rightly belong in the Operation and Maintenance Instruc-
the man-machine system. . ion Manuals and L P. S. Reports are not covered. In

AV A A e
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Introduction—Results

addition we have omitted reference to plant location and
construction problems.

RESULTS OF STUDY AND CONCLUSIONS
1. Plant Layout

The production of quartz crystals is divided into
three phases:
a. Rough Cutting—stoncs to round blanks.
b. Sorting and Lapping—to final blank thickness.
c. Finishing—Final Etching to packaged crystal
unit.
The final plant will be laid out in these three work
areas so as to reduce the probability of contamination and
to concentrate the supervision tasks.

A floor plan, consisting of a photograph of a plant
model constructed in the course of this study, is included
in this report as Plate . The major flow of work is
indicated in this plan, as ic the general method of con-
veying work. Largely, the work will be transported by
mechanical conveyor, although with the addition of
extra workers, manu..l conveyance would suffice. Mcch-
anical means should also greatly aid the task cf Produc-
tion Control.

Special mention should be made of the unit package
concept by which work in various stages of manufacture
is handled. Crystal blanks through Lapping and Sortug
are handled in plastic cartridges containing 100 to 400
blanks. These cartridges are specially designed to inte-
grace high-speed automatic sorting equipment with other
processes, and provide 2 convenient unit in which
material may be stored and handled. Lapping machine
loading is accomplished through cemented assemblies of
blanks and carriers. These contain either 3 or £ hlanks
and may be handled as 2 unit. Lapping time, skill and
fabor are thereby much reduced. Again from cartridges,
blanks are automatically loaded into Final Etch holders,
in which they are uniformly etched and cleaned in
groups of 100.

After this step, the blanks must be kept absolutely
clean and free from moisture or finger marks, In order
to accomplish this the blanks are handled in Base Plating
masks between Final Etch and the Mounting and
Cementing process, These masks hold a group of
several oriented crystal blanks and can be mechanically
loaded ard unloaded without touching the blanks. They
serve both as masks to limit the area of base plating
and as carriers through the pre-heating, plating and pre-
aging processes and into the Mounting and Cementing
machine. Finishing operations are carried out through
units of 10 or more crystals packaged in racks, altowing
automatic handling from Base Assembly through Sealing
and Frequency Checking.

Thus, from Final Lapping through Sealing and
Final Frequency Check, manual handling of fragile
quartz blanks is eliminated, so that both yield and
quality are significantly improved.

The plant is envisioned as a single-floor layout.
Similar or associated operations are grouped into Sta-
tions, of which there are twenty-one, from Mounting
Stones to Packaging. The total floor space required for
these stations, plus Receiving, Stockroom, Storage, Ship-
ping, Office and Personnel Space is approximately 24,000
square feet.

2. Major Equipment and Direct Labor

The total plant requirement of direct Iabor and
major equipment is 51 operators and 112 pieces of equip-
ment, a saving of 80 to 859, over conventional methods.
Preliminary estimates would add between 35 and 45
utility, maintenance, clerical and supervisory personnel
for 2 grand total of 85 to 95 persons associated with the
plant. Appendix II is a summary of the major pieces of
equipment and the number of operators for each Station.
Of the 112 pieces of major equipment listed, each is a
separate, self-contained entity with a discrete input and
output. Machines may be linked together with conven-
tional conveying or transfer equipment, or material may
be transported in tote boxes. In all cases, expansion of
the plant to meet higher overall demands or a long-
term change in military requirements (such as & pre-
ponderance of low-frequency crystals of which fewer
can be lapped at one machine loading), can be compen-
sated by the addition of one or more machines of each
type, without affecting the production system. As a
secondary advantage of this philosophy, practically all
of the equipment which is or will be developed is applic-
able to smaller production quantities in job-shop lots.

Of the specific kinds of machines developed or
being developed, many are completely unique in the
quartz crystal industry. A few of the more outstanding
examples are described below.

a. THE AUTOMATIC SORTERS, of which
there are three types (X-ray or ZZ' angle, Frequency
and Thickness). These are of an unprecedented ac-
curacy and speed compared with methods previously
used fer quartz crystals, eliminate humaa judgment and

. skill, and are of the utmost importance in reducing the

time required for the intermediate operations.
b. PREPOSITIONING AND SAWING EQUIP-

- MENT. The use of transfer jigs and of a system for

prepositioning the jigs before they eater the sectioning

- and wafering saws is a novel procedure with many

advantages. It results in a large saving in the number
of saws and saw operators required, because of the more
efficient use of saw time. (The operator is not required
to adjust the position of the work-piece in the saw.)
For the accuracy obtained, the saw desiga is less compli-
cated, since adjustable tables, verniers and the like are
climinated. The time and skill required of the saw
operator is much reduced, hence be can handle many
saws at one time and needs little training. Pre-setting of
the transfer jigs is accomplished in a double-crystal X-ray
goniometer which is highly mechanized, resulting in the
best possible precision with little skill demanded of the

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

operutor. Finally the use of ‘multiple blades on the
sectioning and wafering saws efficiently reduces quartz
stones to wafers of the correct dimensions and orienta-
tion in the least time, again minimizing the number of
saws and maximizing the yield of useful quartz. The
integrated sawing-prepositioning system leads to the
rapid, economical and foolproof production of wafers
oriented to the best accuracy possible with curreatly
available techniques. This in turn enables the plant to
produce a high yield of crystals with esseatially zero
temperature-frequency coefficient,

c. ULTRASONIC DICING. Ultrasonic tech-
niques have been advantageously utilized to cut specially
shaped blanks directly from wafers, thus saving at least
four steps in manufacture, none of which are easily
mechanized,

d. FINAL ETCHING. A completely automatic
device performs eleven different operations on quartz
blanks and allows a degree of control over the etching
and cleaning process previously found only ic the
laboratory.

e. AUTOMATIC PLATING. Both base plating
(electrode formation) and final frequency adjustment
have been completely mechanized to eliminate the critical
skills hitherto required.

3. Processes

The major portion of our work in the System Study
has been spent in determining the optimum methods of
processing quartz, both from the study of industry and
government practice or research and from our own tests
and research. The goal has been two-fold—to find the
methods which are most likely to lead to a high-quality
product aad to find those which are most readily mech-
anized; the results of this study are best shown by the
Process Flow Sheet (Figures Illa to Hlc of Ap-
pendix III).

Some of the major decisions which have been made
as 1 result of the System Study are the following:

2. The AT cut will be produced by the X-section
and wafering method. The steps in Rough Cutting,
stones to round blanks, are illustrated in Plate II. Al-
though this involves two sawing steps, the state of the
art is not advanced to the point where reliable, mech-
anized, direct wafering is practical. Advaoces in the
methods of growing synthetic quartz may eventually
permit a simplification of our process.

b. Mechanized X-ray prepositioning and the use
of highly accurate transfer jigs (adjustable to one minute
of arc) will be utilized to control the precision of the
AT cut, The use of the Hoffman Saw with multi-blade
cutting, which is of an order of magnitude more precise
than previous machines, permits this accuracy to be
held throughout.

c. Round blanks will be diced by ultrascnic
means directly from wafers, complete with orientation

Results

flat. Sorting and lapping are much facilitated through
this scheme. Since the customary lapping of square
blanks (before the cementing and rounding steps) is
completely eliminated, the chipping of blank corners
during lapping is likewise eliminated, hence crack-ups
will be avoided.

d. Two blank sizes will cover the entire frequency
range from 4.3 mc. to 18 mc. fundamental and from 17
to 54 mc. in the third harmonic mode. Contouring will
be used in the lower ranges (below 9.0 mc.) to give
good activity, and eliminate frequency dips and un-
wanted modes of osdillation.

c. Lapping will be accomplished in three stages,
without the nesd to recirculate blanks or transpose them
in any stage. Lapping simplification will be furthered
by utilization of pre-assembled blank carriers. Spread.
reduction will be accomplished by automatic high-speed
sorting between each stage to supplement the limited
reduction possible during lapping.

f. A hydrofluoric acid etch treatment will be
used to provide the final surface finish. Etching will be
precisely and automatically controlled, and will oot
require operator judgment.

g. The utmost care has been taken to maintain
cleanliness of quartz after Final Etching, since it is
unknown contaminants which are largely suspected of
responsibility for frequency shift, low actvity, and
failure of crystal units upon aging. Hence, all finishing
processes are carried out in some type of blank con-
tainer which avoids operator contact with quartz,

h. Electrodes will be plated on blanks by evapora-
don of aluminum in high vacoum. Aluminum permits
a high degree of control over thickness, and yet has
good aging qualities. Final frequency adjustment will
be accomplished through a similar step, using gold, the
plating being controlled through feedback from the
frequency of the crystal being plated. A large area of
gold plating allows a large adjustment, although control
of frequency spread will keep the adjustment requirsd
below 0.4f2,

i A cemented mount similar in external dimen-
sions and materials to standard HC-6/U bases and cans
will be used to package the crystal units. The crystal
supports have been redesigned to permit mechanized
mounting and cementing.

j. Sealing methods will be completely mech-
anized to insure the minimum of contamination. The
process that will be mechanized was developed by the
Union Thermoelectric Corporation of Chicago.

A Frequency Chart has been established which
specifies the variation and range of frequencies through-
out the Intermediate and Finishing stages of manufac-
ture, This chart is reproduced in Appendix IV. The
thickness or frequency range (or spread) and quartx
removal is given for specific frequencies which are of
interest either because of the assumed demand (from
Appendix I) or because they are terminal points in the
range of this Study.
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Results

4. Yields can be mustered at present, and have, in the large, been

As a further result of the System Study, an estimate borne out by our experimental work. The yields are
has been made of the yield and shrinkage of quartz in very high compared with existing practice; this is pri-
various stages of the mechanized plant. These data, sum- marily due to our cutting and handling procédures. In,
marized in Appendix V, have been the basis of multiple summary, the best evidence to date is that we will be able
machine calculations in the body of this report (Part to produce over 150 diced blanks acceptable for lapping
11I). The estimates 2r& necessarily preliminary, since 2nd over 100 tested crystal units per pound of raw quartz,
developmuent is not compiete on many pieces of equip- which represents 2 substantial saving of this important
ment. Nevertheless, they represent the best opinion that national resource.
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Processes 1-2

PART I

Process for the Mechanized Manufacture of Quartz Crystal Units
CR-18/U and CR-23/U
(4.3—-54.0 mec.)

PROCESS 1, INSPECT AND HEAT STONES

PROCESS 2, MOUNT STONES AND
ORIENT Z AXIS

1. Incoming Material

The raw quartz to be processed will be clean Grade
A stones with at least one natural face suitable for mount-
ing. They will be selected or purchased with an average
weight of 250 grams, and will vary between 175 and 300
grams, approximately. The problems of material pro-
eurement or source inspection will not be considered
further since they are outside the scope of this report.

Preliminary studies of wafer size and blank yield
indicate that the weight ranges stated are suitable for
the blank size and dicing method we have chosen (as
will be discussed in later sections). The weight of
stone generzlly determines the wafer length, and since
our blank dicing method cuts only 2 limited number of
blanks from a wafer, too large a stone results in 2 waste
of quartz. On the other hand, it is uneconomical to
dice wafers containing less than two blanks, hence too
small a stone is also wasted.

The same reasoning indicates that small stones
should be used for small blanks and vice versa. Hence
the first process will be a rough division of the stones
into “small” and “large” categories. No rigid specifica-
tions will be set for this process, and it will be performed
manually.

2. Mounting Stones

Sections and wafers must be cut from the stones
with precise orientation relative to the crystallographic
axes of the quartz, in order that the temperature coef-
icient of the final crystal unit be within specifications.
In the chain of processes leading to this accurate orienta-
tion, the first is the preparation of the stone for X-ray
diffraction measurements which precisely locate the
atomic planes. A rough orientation of the stooe is
made, a2 saw-cut accomplished along this oriented axis,
and the stone treated further so that X-ray methods can
be used.

The first operation is therefore to mount the stone
on a plate by means that will be suitable for sawing in 2
later stage, and to make an orientaticn of the crystal-
lographic Z axis. The Z axis being the optical axis, it
can be detected by rotating the stone on 2 patural face
(a plune parallel to the X-axis) between two crossed

polarizing screens until a minimum of light is iransmitted
by the assembly. We have adopted without substantial
change, 2 means of performing this operation accurately,
developed by Union Thermoelectric Corp,, in which &
photoelectric semiconductor and a long-scale meter re-
places the human eye in judging the minimum illumina-
tion. The photoelectric polariscope will locate the Z
axis within better than 2°. The stones are to be mounted |
on ceramic plates, which have previously been used for
wafering: They will be given an orientation saw cul,
etch bath, and sectioning cut while so mounted, after
which the quartz will be separated from the ceramic
and the plates recirculated or discarded. The plates are
3.5/8 x 2-3/16 x 3/8 inches thick, contain two square
boles (for passage of the polarized orientation light
beam) and beveled edges suitable for mating with the
sawing jig. The plates must be fairly cheap, since they
are to be used only four times before discarding, must be
shaped accurately to fit the jigs, and should withstand
moderately high temperature, thermal shock, acid attack,
and fairly rough handling. The material fabricated by
American Lava Co. meets all these requirements and
has proven satisfactory in practice.

The method used for joining the stones and plates
must meet the physical and chemical requirements stated
for the plates and form a firm bond unaffected by strains
of sawing, must be conveniently applied, and sddi-
tionally, must be removed at will 2fter the sawing opera-
tions. A plasticized shellac cement, commerdially avail-
able in stick form has proven to be suitable for this
purpose. The cement, De Kbotinsky type, is thermo-
plastic, and the surfaces (stones and plates) must be
heated to approximately 155°C.(311°E.) before the
wax is applied.

The procedure to be followed for inspection, mount-
ing, and rough orientation can be summarized as follows:

2. The stones are examined in the storage room
and roughly separated into “large” and “small” catego-
ries.

b. The stones are stored in an oven, capable of
heating a day’s supply, and gradually raised in tempera-
ture to 155°C. Since it may be desirable to start with
heated stones in the morning, the oven may he loaded
in the afternoon and a timer set to turn 00 the oven ap-
proximately 3 hours before starting time.

¢ A day's supply of ceramic plates, previously
used for wafering, is placed in the oven at the same time
as the stones.
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PLANT STUDY H
MECHANIZED MANUFACTURE OF QUARTZ CRYSTALS ? . itx: R STATION DESIGNATIONS
BULOYA NESEARGH ans DEVELOPMENT LABORNTORICS i3h : . ol Statlon A — Mount Stones and Orientation Cut

THE ARMY SIGNAL SUPPLY AGENCY - . 1 3 . + " Station A’ — Mount Sections, Sanse Code and Saw X-ray Flat

CONTRACT e Da-38-038-38-30087

Station B — Initial Erch

Station C — Preposition Stones and Sections

Station D — Saw Sections from Stones

Station E — Saw Wafers from Sections

Station F — Dice Wafers

Station G — ZZ’ Angle (X-ray) and Thickness Sorting

Station H — Load lap Carriers

Staticn | — Primary Lap

Station J — Condition Lap Plates

Station K — Frequency Sorting

Station L — Secondary lap

Station M — Final Lop

Staton M‘ — Contouring

Station N — Final Etch

Station O — Base Plate

Station P — Mounting and Cementing Blanks

Station Q — Adjustment Plate

Station R — Can Preparation

Station § — Base Sealing

Station T — Frequency Check

Station U — Packaging

Plate I. Plan View of Mechanized Quartx Crystal
Production Facility Model
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Plate Il {b)
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Twenty seconds per stone muy be sllowed for pes-
formance of the above three tasks.

d. At commencement of the day's work, the
operator removes approximately three plates and three
stones, placing them on a thermostatically controlled
hot plate, mounted on a beach of a convenient height
for a standing operator.

c. Cement is applied to the fat side of the hot
stone and it is joined to the plate, The plate is im-
mediately placed in the polariscope, two adjacent edges
fitting snugly against an L-shaped jig which aligns the
hole in the plate over the polarized light beam {coming
from below the table surface.) While still hot, the stone
can be moved about the plate, and it is rotated until =
point of minimum deflection of the-meter is located. At
the same time, the edge of the stone is moved laterally
until the stone slightly overhangs the plate edge and
touches an edge of the jig which locates the relative
position of the saw blade. The stoae is now correctly
located on the plate, its Z axis is parailel to the edge of
the plate (2°) and the stone edge is in a position for
an orientation saw cut.

Approximately 40 seconds per stone is allowed for
steps (d) and (e). (U.T.C. allowance for similar
process is 36.seconds.)

f. Without altering the stone’s alignment, the

plate is transferred to an idjacent cooling area on the
bench. The area has sufficient space to hold a day’s
supply of stones. The stones are left undisturbed until

.the cement sets hard.

3. Alternate Methods

a. Orientation can be accomplished in an oil bath,
also using polarized light and with visual observation of
extinction. This means would be necessary if river
quarz (having no natural faces) or very dirty material
were to be used. Using the oil bath method (the oil
having an index of refraction equal to quartz) results in
accurate Z axis location, however, the Z line must be
marked in some way and the stone then transferred to
the mounting area and realigned. Thus two separate
operations are required, extending the time needed and
degrading the accuracy.

The present orientation scheme could also be ac-
complished by visual, rather than photoelectric observa-
tion of extinction. However, there is no doubt that the
mechanized method is far more accurate and consistent
while adding very little complication to the system.

b. Glass plates have been used for mounting and
have proven moderately satisfactory, however they are
fragile after use in multiple-blade sawing (the depth of
cut being such that the mounting plate is grooved) and
there ore difficult to use on both sides. Ceramic is
slightly more expensive, but is tougher and can be used
four times (twice on each side, once each for wafering
and sectioning, the two types of cut being made at dif-

Processes 2—3

ferent angles.) Most important, ceramic has the proper-
ty of dressing the saw blade, while glass has the op-
posite characteristic. The ceramic plates presently in
use are standard in other segments of the industry. Some
slight modification (a double-beveled edge with a flat
center strip) will be made for greater ease in fitting
cither side into our jigs.

¢. Wax can be used instead of De Khotinsky type
cements for mounting stones to be cut with a single-
blade saw, Courtwright 2£70C being a particularly good
composition. It has the advantage of being easily re-
moved with degreasing solvents. However its bond
scrength is lower than De Khotinsky and its use in
multiple-blade sectioning appears marginal. For wafer-
ing, the stronger cement is mandatory.

4. Condition of Material Leaving Process

“The stones, when cooled, are firmly bonded to the
ceramic plates with the Z axis parallel to one edge of
the plate within ==2°, and with the stone overhaagiog
that edge suffidently to permit a small saw cut.

S. . Yield Expected

No reason for loss in stones is contemplated except
thermal shock. With careful heating and static air cool-
ing this should easily be reduced to the point when the
yield will be substantially 100%, based on the number
of stones entering the oven.

PROCESS 3, X-RAY ORIENTATION CUT

1. Incoming Material

The cooled, mounted stones of Process 2 will be
brought individually to a saw for the rough orientation
cut.

2. Sawing Process

A flat cut roughly. parallel to the Z and Y axes (an
“X-cut”’) must be made and the cut plane etched before
a more accurate orientation can be determined by
X-ray metheds. The mounted stones will be secured
in a jig, mounted on the saw table, which will have a
predetermined orientation with respect to the saw blade.
A plunge-cut will be made parallel to the mounting
plate edge (to which the Z axis of the stone was
aligned). The saw will reraove a small portion of the
stone overhang, the amount being determined by the Jo-
cating stop of the mounting jig in Process 2. Approxi-
mately 80 seconds per stone is allotted to this process.

3. Alternate Methods

Sawing by mesns of diamond wheels is easily per-
formed by relatively unskilled operators, utilizing read-

- jly available machines common in the industry. It is

faster and more accurate than grinding, for example.
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Processes 3—4

Using the mounting method previously described, no
mechanization is required except for the jig into which
the mounting plate is fitted, since one operator and one
saw can handle a day's production, in addition to the
mounting task. Other method:, such as mechanical
clamps to hold the stone, are rendered unnecessary by
the cementing scheme, and the expense of these mech-
anical devices is avoided.

4. Condition of Material Leaving Process

After cutting, the stones are unlocked from the jig
and placed to one side, preparatory to. being placed in
etching baskets. The jig and saw blade will be aligned
to better than z£3°, hence the saw-cut will be aligned
to the Z axisto better than ==5°.

5. Yield Expected

No loss of stones is expected. A small amount of
quartz (perhaps 4 grams per stone) is lost in the cutting
and will be scrapped.

PROCESS 4, INITIAL ETCH STONES
1. Incoming Material

The stones, mounted on ceramic plates and with an
X-ray flat saw cut, enter this process before undergoing
X-ray prepositioning.

2. Etching Process

The purpose of this process is to smooth the sawn
surface of the X-.ray flat and to improve its X-ray
reflection properties. This will result in a greater sharp-
ness of the reflected X-ray beam and ease the prepo-
sitioning process.

A number of different chemical treatments are used
in the Quarz Crystal industry for this purpose. We
have found that hydrofluoric acid, 48%, by weight, used
at room temperature, is a relatively inexpensive material
and superior in etching qualities to others used. By
varying the etching time, HF can be used not only for
this process and for No. 14, which is identical, but also
for Processes 9 and 19 in which the visual properties of
defects and of orioscope etch figures are to be enhanced
by tke etchant.

In order to insure that the etching process is effec-
tive, the quartz should first be washed in a detergent and
rinsed. Following the ctch, the quartz is again rinsed
several times to terminate chemical action.

The etching process is conceived as being carried out
in a continuous semi-automatic machine. The mounted
quartz stones, contained in acid-resistant baskets which
hold five stones, will be inserted into the machine and
treated as in the following table:

10

Table 4-1

INITIAL ETCH PROCESS (Stones)

Operation Temperature Time

(Min.)

40°C. 2.5
2. Water Rinse 40°C. 1
3. Water Rinse R.T. 1
4. Etch, 489, HF R.T. 11 (approx.)
5. Water Rinse 40°C. 1

6. Water Rinse 60°C. 1

7. Air Dry — 5.5

1. Dectergent

* Total 23

Time and temperature of this process may be auto-
matically controlled, but need not be highly precise.

At the conclusion of the treatment, the basket will
be returned au.omatically to its starting point and re-
moved by the operator.

3. Alternate Methods

Other materials which have been investigated are
listed in the table below:

Table 4-2
1. Dallon’s etch 1.74 liter/gal. Methanol
1.74 liter/gal. Fluoroboric
acid 479,
6.95 1b./gal. Ammonium
bifluoride
(water substituted for
Methanol)
3.48 liter/gal. Fluoroboric
acid 479,
6.95 Ib./gal. Ammonium
bifluoride
4. Standard Quartz Ammonium bifluoride
Etch Molasses
HF acid
(exact percentage unknown)’

2. Modified $#1
3. Modified $#1

Etch figures obtained with pin-hole erioscope after
etching X-sections at room temperature gave the follow-
ing results as compared with HF acid alone (48%):

Table 4-3

ETCH FIGURES AFTER ETCHING FOR:
1 bosr’ 2 bours

fair
poor fair
good good
very poor poor
HF add 48% good very good
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The approximate cost of these materials for 200
gallons, not including freight, etc., is compared in
Table 4-4:

Table 4-4

Etch Approximate Cost/200 gal.
$

#1 910.
#2 87s.

#3 1250.
#4 750.
HF acid 489, 260.

The tables above indicate that HF is the best etchant
and the least expensive of all materials tested. It is easier
to provide corrosion-resisting lining for HF tanks thzn
with other etchants. All the materials are equally
poisonous but HF requires more care in handling. If an
automatic machine with a good exhaust system is used,
as contemplated, there will be no contact of the op-
erator with the acid and hence no danger involved in its
use.

4. Condition of Material Leaving Process

The stones will leave the etching process clean and
dry, with a sinooth surface on the X-ray saw cut.

5. Yield Expected -

No loss is anticipated in this process.

PROCESS 5A, INSERT MOUNTED STONES IN
TRANSFER JIGS

1. Incoming Material

The stones mounted on ceramic plates, having an
etched X-ray saw cut within +5° of the Z-axis, enter
this process to be assembled to a transfer jig.

2. Assembly Process

The purpose of this step is to secure the stone in an
adjustable mechanism in which it can be precisely
oriented by means of X-ray diffraction, then transferred
with this same orientation to a saw which will cut the
X-sections. The procedure is intimately associated with
that of the next process, X-ray prepositioning of stones
and with the sectioning process following. Even more
fundamentally, it is connected with the whole system of
producing AT cut crystal blanks.

The basic objective of the rough cutting stages of
quartz crystal manufacture is to produce blasks, which
are thin slices having plane surfaces exactly parallel to
the X-axis of the crystal and to the AT angle (ZZ')
with the Z-axis. The ZZ’ cutting angle will vary be-
tween 35° 15’ and 35° 26.5’ in our process, depending
on the final frequency desired and which AT angle gives

Procasses 4—5A

the best temperature coefficient in the finished units.
(See Appendix 15-1.)

Many different means have been conceived for pro-
ducing blanks from natural quartz crystals, in addition
to the variations or simplifications that oriented synthetic
quartz would introduce. For example, wafers may be
sliced directly from natural crystals, then cut into squares
of the proper dimensions, stacked and ground iato
blanks. For eack method proposed, consideration must
be given to the sawing time, utilization of quartz, degree
of skill and number of machines for each operation, to-
gether with many other tangible and intangible factors.

Although an exhaustive formal study comparing all
possible methods has not been prepared within the scope
of this project, considerable thought has been given to
the subject and the experience of others in the industry
has been culled. The conclusions have definitely pin-
poiated the X-sectioning method as being most econom-
ical of quartz and of the greatest potential for mech-
anization. By sectioning prior to wafering, one of the
important corientations of the eventual blank is estab-
lished with a small number of sawcuts, while the stone
is still in one piece. Advantage is taken of the atomic
regularity and rigidity of tlie natural material as long as
possible. If both X-axis and AT angle orientation must
be established on an irregular wafer, a much more dif-
ficult inspection and mechanization problem is presented
and the yield of blanks will be poorer.

Hence, the purpose of orienting the stone is to
establish the first saw-cut perpendicular to the X-axis, or
parallel to both Z and Y-axes.

The transfer jig will permit the stone to be rocked
in two mutually perpendicular directions, and a locking
device will hold the positions, once set. The stone will be
supported on the upper movable surface which will be
capable of being adjusted by micrometer actuators on the
X-ray positioning table. The ceramic plate holding the
stone will be clamped to the moving part so that the
orientation cut is accessible to the X-ray beam.

The stone is now secured in a position so that the
orientation cut may be illuminated by the X-ray beam.

The actual assembly will be very simple. The
mounted stones will be obtained from the previous pro-
cess and clamped into the jig, being locked with a2 single
motion.

3. Alternate Methods

Other methods have been investigated for orienta-
tion of stones for sectioning, among them being the use
of adjustable saw tables and the correction of angle by
external measurements on a preliminary cut. This method
does not lend itself to high-speed production as the saw
is tied up while awaiting X-ray results. The transfer
jig, by separating the two steps (measurement and saw-
ing) allows each to be performed with greater speed and
minimum of equipment.
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Processes SA-5B

4. Material Leaving Process

The jigs and stones are transferred to the X-ray
table for measurement.

5. Yields
There is no loss in this process. ’

PROCESS 5B, X-RAY PREPOSITION STONES

1. Incoming Material

This consists of the assembled jigs and mounted
stones of the previous process.

2. X-Ray Prepositioning

The objective of this step is to level the stone with
respect to a reference surface so that the X-axis of the
stone is perpendicular to the reference surface within
=5’ of arc.

The accepted m=thod of measuring the tilt of the
X-axis is to observe the intensity of reflection of a col-
limated beam of X-rays from a smooth surface of the
stone which is already approximately perpendicular to
the X-axis (the orientation cut). The spparent reflec-
tion is actually diffraction of the beam from the 11.0
atomic plane, which is exactly perpendicular to the
X-axis. Maximum intensity occurs when both incident
and reflected beams correspond to the Bragg angle
(18° 17.4’), with the 11.0 plane.

The tolerance of =5’ is not 2n absolute requirement.
Actually the combined tolerance of sectioning saw and
measurement are of interest. The cut surfaces of the
sections may be as much as %15’ away from being per-
pendicular to X without affecting the quality of the
ultimate crystal unit. It is well known in the crystal in-
dustry that significantly greater deviations (over 1°)
may adversely affect the temperature coefficient of fre-
quency of the final units. The specification of =5’ we
have set is with the expectation that the saw tolerance
would not add more than 10’ to the error. For a discus-
sion of the effect these errors have on X-ray (ZZ' angle)
sorting (Process No. 26), see Appendix 26-3.

In actuality, we will achieve significantly better than
5’ in the leveling procedure. This is because we are
using the same type of X-ray apparatus for stones as for
prepositioning sections (Process 15), which latter mea-
surement has a much smaller tolerance. The method we
are using is the so-called *“double crystal” X-ray gonio-
meter, in which the X-ray beam is collimated by being
reflected from 2 fixed crystal before being directed to the
crystal undergoing measurement. A much narrower
beam is achieved in this way than by slit collimation, and
accuracies much better than 1’.can be obtained.

Although the double crystal goniometer requires a
somewhat more sensitive X-ray detector than older
methods, these are now available in the form of scin-

12

tillation counters and high gain amplifiers. The ad.
ditional complexity or cost is slight, and is offset by the
fact that cher machines in the plant will require the
same components, hence maintenance will be simplified
and standardized. The greater degree of accuracy, al-
though not necessary for prepositioning stones is certain-
ly not harmful and may weli lead to better over-all
quality and control.

The process to be used in prepositioning the stone

for X-sectioning can be described as follows:
2. The X-ray apparatus is pre-aligned over a
horizontal turntable so that a standard crystal with its

11.0 plane parallel to the table will give 2 maximum
deflection of the detector’s output meter.

b. The mounted stone in its jig is placed on the

reference turntable and the latter raised until the cut

surface of the stone touches a pointer. (The X-ray beam
is directed at the pointer, which is exactly over the ceater
of rotation of the turntable.)

c. The turatable is rotated so that one edge of
the jig is parallel to the beam.

d. The table micrometer actuating the jig is
manipulated by the operator, tilting the stone about a
line perpendicular to the beam, until & maximum re-
flection is indicated. (This micrometer may be motor-
ized, automatically stopping on a signal from the peak
redection.)

¢. The table is rotated exactly 90°® so that the
other micromieter is in position to tilt the stone as above,
and the maximizing adjustment repeated. The jig is
then Jocked.

f. The 11.0 plane is now parallel to the reference
surface (turntable) and the jig and stone may be re-
moved without disturbing the adjustments.

Approximately 50 seconds per stone is required to
perform this task and that of Process No. £ (Assemble
Stones to Transfer Jig.)

3. Alternate Methods

Two-axis orientation using two machines is possible,
but is less desirable than the turntable method. Since
one machine will be sufficient to preposition all stones,
there is no advantage in splitting the task.

A one-axis orientation utilizing the natural face of
the stone as one reference does not seem to be possible
or practical at this time,

It is possible to-eliminate the initial etch procedure
prior to X-raying, since the accuracy required is less than
will be required for sections. However, the same op-
erator wiil preposition both stones and sections and since
the reflection peak is less sharp in unetched material,
consideration of uniformity in operator training favor
retention of the etch.
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4. Condition of Material Leaving Process

The stones mounted in their jigs are sent to the
X-secrioning process pre-aligned to better than =5,

5. Yield

There will be no shrinkage ia this process, either
fromn loss of quartz or from inaccuracies.

PROCESS 6, SAW X-SECTIONS FROM STONES

1. Incoming Material

The stones secured in pre-oriented transfer jigs
which are clamped to the ceramic mounting plates, are
transferred to the sectioning saw.

2. Section Sawing

‘The stones are to be cut into X-sections, the direc-
tion of cut being parallel to the Z- and perpendicular to
the X-axis. The thickness of the sections is determined
by the desired width of wafers which will be sliced from
the sections in a later stage. The wafer width is in turn
determined by the desired crystal blank diameter.

Early in the course of this study it was decided that
the frequency ranges of both CR-23/U and CR-18/U
crystals which have been specified could be covered by
two blank sizes, 0.490 and 0.375 inches in diameter,
(As discussed elsewhere in this report, the blanks are
round, to prevent chipping of corners during the lapping
processes, and have a flat to permit orientation in the
sorting and mounting stages of manufacture.) The
choice of diameters has been based on studies of industry
practices, .nd tc some extent on experimental measure-
ments of crystal activity as a function of blank diameter.
This work has been described in some detail in Progress
Report No. 19 (dated 27 April 1956) of this Contract.
A table of effective resistance vs. frequency for the dif-
ferent diameters is reproduced in Appendix 6-1 of this
report for convenience.

From consideration of the desired blank size, the
method of producing blanks (discussed under Dicing,
Process 22) and the saw tolerances, a theoretical section
thickness of 0.423” =.005 has been established for
0.375" blanks and 0.535 =.005 for the .490” blanks.
Since the yield of sections is very little affected by small
increases in width (since two end pieces are discarded in
any case), an additional allowance has been made, o
that the actual thickness of sections will be: for £.375
blanks 0.430” == .00S5, and for .490” blanks 0.542”
=+ .005.

From the Order Board (Appendix I), the ratio of
0.490” to 0.375” blanks is computed to be 0.542 to
0.458, hence the number of sections sawn to each thick-
ness will be approximately in the same ratio.

The equipment we have chosen for sawing is es-
sentially the same as the P.R. Hoffman sectioning saw

Processes 5B—6

and was choszn as a result of the experience of the Sig-
nal Corps Enginecring Laboratories and our own in-
vestigations on the possibilities of other methods. A
multiple-blade arbor will be used (five Felker diamond
blades), which can be quickly changed on the spindle for
different widths of cut. Blade life will be extended by
reason of internal coolant fecd with special coolant slots
and wells incorporated in the spacers. All experience to
date shows that the angular error of this saw js far less
than the over-all requircments (15") "of the X-sec-
tions. The thickness errors will depend to some extent
on the variation in saw blade set, on the blade spread,
as well as the ratio of blade to spacer diameter and on
the type and speed of cut, but in all cases the allowance
of #.005” in this process will be easily achieved.

A full step-cut will be taken to the depth of the
stone and slightly penetrating the ceramic plate. The *
jig will be clamped to a table sliding horizontally on
precision ways, and will be propelled into the blades.

The jig will be clamped against a vertical reference
surface mounted on the table and aligned precisely with
the blades. Thus the stone prepositioning established in
Process 5 will be maintained. Once the stone is in place,
the remainder of the process may be automatic, the saw
drive started and the table released into the feed. At
the end of the table travel, the saw will stop and the
operator removes the jig so that the table can be returned
for the next stone.

The entire procedure of loading; sawing, and un-
loading the jigs will require not more than 2.4 minutes.

It must be possibls to change arbors (section thick-
ness) in less than 15 minutes,

3. Alternate Methods

The entire procedure of loading, sawing, and un-
achieved with the P. R. Hoffman sectioning saw make it
a natural choice for this operation. Other saws inves-
tigated have included the Felker, Hardy, and British
Inner Peripbery, discussed in System Study Report
No. 1, none of which have shown advantages over the
Hoffman since that time, The Raytheon developments
on ultrasonic cutting have likewise shown no economic
or mechanical advantages.

4. Condition of Material Leaving Process

The quartz will leave this process as sections 0.430
or 0.542 =+.005 inches thick 2nd as scrap (end pieces),
cemented to ceramic plates and clamped to the pre-
positioning jig.

a. The thickness variation of sections will be less
than =+ .00$ inch.

b. The crystallographic X-axis will be perpen-
dicular to the cut plane of the section to better than
=+ 1%’ of arc,

c. The section planes will be parallel to approx-
imately + 3’ of arc.

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2




Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

Processes 6—9

d. The surface finish will b2 adequate to permit
observation of orioscope etch figures after moderate
etching.

5. Yield

“The number of useful sections obtained from a stoue
varies considerable with shape and weight. From 246
and 200 gram stones we have obtained three or four
sections in preliminary experiments, but all of these
sections are not equally useful for wafering. As 2 means
of estimating, we have arbitrarily based the yield on an
average section (approximate weight 60 grams) that
would yield 20 wafers.

The average yield on this basis is estimated as 2.6
sections per stone (250 grams).

The yield of quartz on a weight basis is between 60

and 659, that is approximately 37% of the quarz will
be unusable scrap.

PROCESS 7, REMOVE PLATES AND
DEGREASE TRANSFER JIGS

1. Incoming Material

The sawn sections and scrap enter this process ce-
mented to ceramic plates, which in turn are clamped in
prepositioning jigs.

2. Process

The ceramic plate is removed from the jig by ua-
locking 2 quick-acting clamp, and sent to the next pro-
cess where the cement is unbonded and the quarzz
separated.

The jigs are taken to a washer in order to remove
oil and quarz dust before being reused. A standard
degreasing treatment using trichloroethylene or a sim-
ilar solvent will be adequate for this purpose. A con-
veyorized degreaser is eavisioned in order to conserve
manpower and expedite jig recirculation.

3. Alternate Methods

The process is so simple that additional study does
not seem warran

4. Material Leaving Process

The clean jigs will be returned to the jig assembly
process, No. 4. The ceramic plates and quarz will be
sent to the next process, No. 8.

PRCCESS 8, SEPARATE SECTIONS

1. Incoming Material

The quartz scrap and sections are bonded to cers-
mic plates with 2 DeKhotinsky type (shellac) cement,
which must be loosened before they can be se]
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2. Separation Procsss

The cement is slowly soluble in several solvents,
the degree to which it is soluble depending on the exact
composition of the cement. If a very hard cement is
used, several hours or days may be necessary to soften
the bond. If the cement is too soft, it will not with-
stand the pressure of the saw blade, particularly in
muldple-blade sectioning.

A cement composition will be chosen that will per:
mit the bond to be released in approximately one hour,
Denatured ethyl alcohol will be used as 2 solvent, since it
will also serve as a degreasing meaas (to remove the
cutting oil). A slightly elevated temperature (40°—
50°C.) will hasten the process.

The ceramic plates will be placed in baskets and the
baskets inserted in a container where they will be im-
mersed in alcobol and agitated to some extent. A suit-
able cover and adequate veatilation will be provided to
prevent loss of solvent and fire hazard. At the end of
one hour of this treatment, the baskets will be removed,
the sections separated by band aad placed in other
baskets which are used for the Inidal Etch process.

The ceramic plates will be inspected, and if they
have been used twice on each side (for section sawing
and wafering), they will be discarded. Otherwise they
will be set aside to be returned to Process No, 1.

The scrap will be discarded.

3. Alternate Methods

The only other efficient Solvent known to us for
this cement is caustic soda solution (Na OH). Thisisa
more difficule material to handle and would require
special precautions to protect the operator. Further-
more, a rinsing and drying operaton would be needed
to remov= the caustic.

Other cements which 2re more readily removed hxve
not so far been demonstrated as adequate for our mal-
tiple blade sawing.

4. Material Leaving Process

The quarz sections (in baskets) may sdll retain
traces of cement on their edges, however, this will be re-
moved in the etching process.

5. Yield
No loss, except for scrap already accounted for, is
to be expected.

PROCESS 9, INITIAL ETCH SECTIONS
. (See Process 4)

1. Incoming Materiol
°  “The material to be etched at this stage coosists of

unmounted X-sections which have been cut and separated
from the remainder of the stooe.
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Sections are 0.430 or 0.542 (==.005) inches thick
and average about 1 cubic inch in volume and 70 grams
in weight.

2. Etching Process

The process is to be carried on with the same equip-
ment as Process 4, and utilizing the same etchant (HF).
The purpose of etching in this case is to permit the
quarez to be examined for twinning and left- or right-
handedness utilizing ordinary light. The degree of
etching must therefore be greater than in Process 4 and
the time in HF extended to one hour.

If an automatic, conveyor-fed etching process is
used, extension of etching time- is most easily accom-
plished by slowing the conveyor, hence the washing,
rinsing and drying steps will also be slower.

Table 9-1

ETCHING PROCESS (SECTIONS)
Time
15 min,

Operation Temperature
1. Detergent 40°C.
2. Water Rinse 40°* 7 min.
3, Water Rinse R.T. 7 min.
4. 489, HF Etch R.T. G0 min.
5. Water Rinse 40° 7 min,
6. Water Rinse 60* 7 min.
7. Air Dry —_— 22 min.

—

125 min.
3. - Alternate Methods (see Process 4)

4. Condition of Material Leaving Process

The sections are etched to a degree which permits
good etch figures to be observed with a pin-hole orio-
scope. They are clean and dry.

5. Yield Expected
Nosignificant loss is expected.

PROCESS 10, HEAT SECTIONS AND PLATES
1. Incoming Material
Etched Sections, unmounted.

2. Process

Sections and ceramic plates are both heated to
155°C. in order to permit the application of DeKhotin-
sky-type cement in stick form. This is necessary in order
to mount the sections for further processing and wafer-
ing.

Since over 2-1/2 times as many sections must be
processed per day, as were stones, 2 conveyorized oven
is envisioned for this step.

Processes 9—11

3. Alternate Methods

A hot plate or conventional oven could be used, but
would increase the manpower requirements.

4. Condition of fAaterial Leaving Process

The heated sections and plates will be delivered to
the operator position on a moving belt or some other
convenient means.

5. Yield Expected

Heating must be gradual so as not to set up excessive
strains in the quartz. If this is accomplished, there will
be no significant loss.

PROCESS 11, ORIENT SECTIONS FOR
MOUNTING SIDE, INSPECT FOR TWINNING

1. Incoming Material

The sections are delivered in a heated condition, ap-
proximately 155°C. As a result of prior operations, the
X-axis is perpendicular to the sawn faces of the sec-
tion (=5').

2. Process

In this step, right- and left-hand quartz must be
distinguished so that the AT wafering cuts may be made
in 2 vniform manner in subsequent processing. The
most convenient and accepted method of doing this is
to observe the etch figures with 2 pin-hole orioscope.

If the section is mounted with the +X-axis up for
left-handed quartz and the —X-axis up for right-handed
quartz the AT line will tilt to the right (i.c., will be in
the first quadrant) in both cases. (See LR.E. "Standards
on Piezoelectric Crystals”, 1949). The orientation for

furcher steps up to wafering will then be the same.

a. The operator will place the stone ona pin-hole
orioscope having three pin-holes in 2 line, and look for
following figures.

For left-hand quartz, a parallelogram.

R =

For right-hand quartz, an inverted “Z".

z -y~ - —%—-f%_' =X

UpP

The section is placed with the side facing upward
which gives one of the above two figures. -
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Processes 1113

b. The Z-axis is roughly marked by drawing s
line parallel to the pin holes. (This step may be expi-
dited by means of a marking jig or stamp.)

¢. Twinned areas (of opposite handedness to the
major part of the quartz), are marked. These may be
observed in the orioscope or by reflected light.

If the operator observes excessive twinning at this
point, the section may be put aside for future salvage
or scrap.

3. Alternate Methods

The AT line could be marked directly at this stage,
but the polariscope method (See Process 12) is more
accurate. This step could be also accomplished before
heating, but would require an extra operator.

4. Condition of Material Leaving Process

There is no change in the condition of the sections,
but the Z line is indicated on the side to be mounted up-
ward and the twinned arcas are marked off.

5. Yield Expected

It is expected that berween six and seven percent of
the sections examined will be twinned badly enough to
be rejected. Some of these may be salvaged by sawing
into two pieces, as for example where 180° twinning
runs through the center of the section.

PROCESS 12, MOUNT SECTIONS,
ORIENT AT LINE, AND COOL

1. Incoming Material

The sections are marked with the Z line, twinned
areas and side to be mounted upward. They are still
hot enough to melt the mounting cement. Hot ceramic
mounting plates are also delivered to this ares.

2. Process

a. The ceramic plates are placed in an L-jig over
a source of polarized light in a photoelectric polariscope
substantially identical to that used for stones. (See Pro-
cess 2.) Mounting cement is applied to the plate or
section.

b. The sections are placed on the plate with the
marked Zline upward and parallel to the long edge.
The section is shifted until one corner is in a position to
be cut by the X-ray flat saw, as indicated by a marker
which shows the relative position of the saw blade when
the mounted section is put into the saw jig.

c. If the comner to be sawn is marked as twinned,
the section will be moved until the twinned portion will
be cut off. If this is not feasible, the section can be
turned 180° on the plate.

d. The section is rotared slightly until the polar-
iscope meter shows & minimum reading.

e. The stoné is slid out of the jig snd onto &
cooling tsble.
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Since the same operator will perform both this
task and Process 11, the question of judgement-with re-
spect to twinning and rejection will be reduced. On
the other hand, thete is no doubt that the doctrine for
these processes must be carefully establiched in order to
maintain satisfactory yield. =

It is believed that an operator with two weeks train-
ing could accomplish this task and that of Process 11 in
Iess than one minute per section.

Since the mounting cement to be used must with-
stand the force of multiple-blade wafering (in a further
process), it must be of a type to give high bond strength.
The DeKhotinshy type has proven adequate.

3. Alternate Methods

See Process 2 for discussion of polariscope and ce-
ments. Because of the judgement required at this stage,
further mechanization does not seem possible.

4. Condition of Material Leaving Process

The mounted sections will havs their Z-axis aligned
with respect to the mounting plate by == 2°.

S. Yield Expected
See Process 11.

PROCESS 13, SCORE SENSE CODE
AND SAW X-RAY FLAT

1. Incoming Material

Sections mounted on ceramic plates, with Z-axis
parallel to one side of the plate.

2. Process

In this operation the upper side of the mounted sec-
don will be marked, and a saw cut will be made within
—+ 5° of the AT hne (approximately 35° from the Z
axis). These objectives will be accomplished in two

KEP.

a. SENSE CODE: The upper surface of the
section (4 X for lefthand 20d —X for right-hand
quarez) provides the proper sense for the further steps
of X-ray sorting and mounting.. This surface is marked
before wafering so that it may be recognized and the
sense preserved in the dicing stage.

Since the section will be wafered along the AT line,

¢he sense code will be marked at right angles to the AT
Iine in order to appear on every wafer.

The section will be serrated approximately 1/32
inch in depth by means of a ganged set of saw blades.

The mounted section will be clamped to a table
which will slide under a fixed set of saw blades. ‘The
mounting plate will be fixed at a preset angle so that
the blades will score the top surface of the section at
00° to the AT cut-as the table travels under the blades.
A heigh: adjustment must be provided so that two dif-
ferent thicknesses of sections can be accommodated.
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b. X-RAY FLAT: When the table has traveled
under this saw, the jig bolding the section will be ro-
tated 90°. The table will then be propelied uader 2
second saw with a single blade set to cut off the corner
of the section designated for the X-ray flat. This cut
will be parallel to the AT line within ==£°, and at right
angles to the sease code serrations.

The operator will remove the section and it will be
transferred to the initial etching arei.

The operations are conceived as being manually
carried out, with the aid of appropriate jigs and suitable
safety precautions. Both operations are performed by
the same operator and should require about one minute
total.

3. Alternate Methods

The sense code cut is made before the X-ray cut
in order to eliminate the possibility of chips on the
X-ray flat, which could cause errors.

A dye would be preferred to the serrations but it
would need to withstand the subsequent etch and wafer-
ing treatments. INo such dye has as yet been found by
us.

Ultrasonic cutting of the sense code would almost
surely be slower and more expeasive.

4. Condition of Material Leaving Process

Mounted sections with X-ray flat cut == 5° to the
AT line and sense code serrations at right angles.

5. "Yisld Expected
1009%,

PROCESS 14, ETCH MOUNTED SECTIONS

This process is identical to Process 4 and serves the
same purpose.

PROCESS 15, INSERT SECTIONS IN TRANSFER
JIGS AND PREPOSITION
(See Process 5)

1. Incoming Material

Mounted sections with an etched X-ray flat +5° to
the AT line.

2. Process

Insertion of the mounting plates into transfer jigs
is an operation similar to Process SA. The jigs are dif-
ferent, however, in that they are equipped with a single
adjustment; for the AT angle only.

A study of the requirements of the frequency range
of AT cut crystal units called for in the Order Board,
and of the published information regarding temperature
coefficients of crystal versus the ZZ' angle, has re-
vealed that the eatire range can be covered to a satis-
factory degree by means of six AT angles, providing

Processes 13—-15

these angles are cut to within == 3 minutes of arc. These
optimum angles, and the corresponding frequency
ranges, are listed in Table 15-1. (Ses also Appendix
15-1.)

Table 15-1

OPTIMUM 1I" ANGLE VS§~
FREQUENCY FOR AT CUTS

Frequency Range ZZ’ Angle (= 3') -
(First Harmonic)

4.3—6.0 mc. 35° 15
6.0—5.0 35° 17.5'
9.0—11.5 35° 20/
11.5—18.0 35° 22.5"
(Third Harmonic)

17.0—25.0 mc. 35° 25’

- 25.0—54.0 35° 26.5

The prepositioning equipment must therefore be
capable of adjusting the sections to be cut along any of
these six angles.

The target error for the entire wafering process is,
as stated, =3’ arc. The prepositioning equipment must
be capable of adjustment of == 1’ arc in order to allow
for the saw error.

The double crystal method outlined in Process 5 is
capable of achieving this accuracy whea measuring dif-
fraction of the 01.T atomic plane through an etched sur-
face. Hence the same apparatus specified in Process 5
will be utilized.

The sections will be slid into the prepositioning jig
and the ceramic plates locked in place with a quick-ac-
tion cam. The plates will be held at an angle with re-
spect to the feet of the jig, one of which is adjustable
by means of a fine-pitch screw or other device, which
may be located on the X-ray fixture. The jig will be
slid into the X-ray fixture, the feet pressing against a
reference bar (which represents the line of motion of
the wafering saw), and with the X-ray saw cut of the
section toward the front of the jig. As in Process 5B,
the X-ray flat will be pressed against a hardened pointer
which locates the point of impingement of the collimated
X-ray beam.

The X-ray table and an indicator will be mcunted on
a swinging arm which can be adjusted to any of six po-
sitions, representing the six desired AT angles. With
the indicator in the correct position, the adjustable jig
foot is moved until maximum deflection of the detector
output meter is obtained. The screw adjustment may be
motorized and the detector output used to generate a sig-
nal which will cut off the motor drive. The prepo-
sitioned jig is then removed.

3. Alternate Methods

(See Process 5)

It has been found that leveling of the X-Y plane
is not required, since the accuracy of sectioning using
the Hoffman saw is within the requirements (= 15").
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Processes 15—18

Standard X-ray methods other than the double-
crystal system chosen will, on the other hand, not pro-
vide sufficient accuracy.

4. Condition of Material Leaving Process

The sections leave the prepositioning fixture with
the jig feet parallel to the desired ZZ’ angle to within
one minute of arc.

5. Expected Yield

Over 999, of the sections will be aligned according
to the above criteria. No rejects will occur at this stage
since the total error will be determined by the wafering
saw accuracy, and will not be detected uatil the X-ray
sorting process. (No. 26.)

PROCESS 16, SAW WAFERS FROM SECTIONS
1. Incoming Material

The sections will be conveyed to the wafer saws
secured in jigs which have been adjusted to establish the
correct ZZ' angle for the frequency order. (See ap-
pendix 15-1.)

2. Wafering Process

It is desired to cut the secdion inte wafers parallel to
the selected AT line and to the X-axis, so that blanks for
the lapping process can be cut from the wafers.

The optimum wafer thickness depends on 2 number
of conflicting factors, among them being the excess of
lapping time vs. the capabilities of the saw and wafer
fragility. These are discussed in detail in Appendix
16-1. We have chosen three wafer thicknesses as tar-
gets, one for all bianks of 0.375” diameter and two for
0.490” blanks.

Table 16-1
WAFER THICKNESS

Crystal Blank Frequency Thickness
Type Dism. Renge of Wafer
CR18/U 0490”4360 mc 0.033”
CR-18/U 0.490" 6.0-9.0 mc. 0.029”
CR-23/U 0.4950” 17.0-25.0 mc 0.029”
CR-18/U 0.375" 9.0-18.0 mc 0.0257
CR-23/U 0.375" 25.0-54.0 mc. 0.025"

As a result of surveys discussed in System Study No.
1 and mentioned under Process 6, Section Sawing, we
have selected 2 multi-blade saw essentially the same as
the P.R. Hofiman Wafering Saw to perform this task.
Our tests with this saw indicate that it will produce 2
good yield of wafers at thicknesses less than 0.025” with
a range (3 sigma) of less than 0.003” in thickness and 3’
of arc in ZZ’ angle, thus meeting our specifications for
the Mechanized Plant.

Certain modifications will be made to the basic
Hofiman saw. The arbor is interchangeable on the
spindle, so that saw set-ups for different thicknesses can
be rapidly switched. The saw table will be equipped
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with a reference bar aligned with the blades, and with 2
quick-acting clamp tc hold the jig with its zlignment
feet against the reference bar. Means will be provided
so that the jigs can be slid onto the table and removed
in the same way when the wafering process is-finished.

The blades will be cooled by a flow from the ceater
of the spindle, ourward through slots in the spacers.

The entire wafering process will be mechanized afte
the jig is cltamped. The operator will receive pre-aligned
jigs and clamp them to the table of the saw having the
blade spacing corresponding to the job or order. A
push-button operation will actuate the saw and table ac-
tustor, so that no operators’ attention will be required
until the process is completed. At the conclusion of
the cut, the saw will automatically stop, so that the
jig may be safely removed.

The operation of the saw will be an initial plunge-
cut followed by a step cut. This has been found to re-
sult in wafers with parallel sides, to 2 greater degree than
other methods.

The cutting time will of course vary with the sec-
tion, but we estimate that the average time will oot ex-
ceed 3.5 minutes per section, including insertion and
removal of jig.

3. Alternate Methods
These have been discussed under Process 6.
4. Condition of Material Leaving Process

The thickness of wafers will be as specified in Table
16-1. The ZZ' angle variation will be less than =3’
from that specified in Table 15-1-1 of Appendix 15-1.
The finish and depth of saw marks will be such that not
more than .009” removal from both sides (using 25 and
12 micron abrasive) will be required to remove them in
subsequent lapping stages.

5. Expected Yield

Approximately 25 wafering blades will be used.
Results of our experience with various shapes of stones
indicate that we may expect an average of 20 useful
wafers per section or 52 per 250 gram stone. The
average wafer weight will be 0.8 grams and the yield,
based on weight of section, 275, Of these wafers, ap-
proximately 129, will be unsuitable for dicing, owing
to cracks or being undersize. These will be rejected in
2 subsequent process (No. 20, Inspect and Layout
Wafers). .

PROCESS 17, REMOVE PLATES
AND DEGREASE TRANSFER JIGS
This process will be identical to Process No. 4,
following Section Sawing.
PROCESS 18, SEPARATE WAFERS FROM PLATES

Thisprocessisthesamea:sProcusNo.9,which
followed removal of sections from transfer jigs.
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The separated wafers will be placed in baskets or
trays to be conveyed to the initial etch area.

The ceramic plates will be returned to the section
or stone mounting area where they will be re-used.

PROCESS 19, ETCH WAFERS
1. Incoming Material '

The wafers which were separated from scrap are
approximately 1/2 inch wide and 1-1/2 to 2 inches
long, and are between 0.022" and 0.036” thick. They
are transported to the initial etching area in baskets.

2. Etching Process

The purpose of etching the wafers is to enable de-
fects such as cracks and twinning to be more easily de-
tected, so that the unsuitable wafers can be rejected
prior to entering the blank dicing stage; and to 2id in
X-ray Sorting (Process No. 26).

The equipment, etching chemical, and processing
conditions are identical to those used for sections (see
Process 9). The wafers leave the process in similar
condition as regards iheir surface, and with no signi-
ficant shrinkage.

PROCESS 20, INSPECT AND LAYOUT WAFERS

1. Incoming Material

Etched wafers are received in baskets from the
initial etch area. The wafers will be in two widths,
0.430” or 0.5427. One edge of the wafer is coded by
means of saw-cut score marks.

2. Process

The wafers are inspected to weed out those un-
suitable for the dicing process of making blanks. In
that process (see Process 22), tound blanks with an
orientation flat are cut directly from the wafer. The
ecopomic balance of the cost of quartz up to this stage
and the additional cost of mounting, dicing, inspecting
and sorting, is such that it is more favorable to reject &
wafer unless at least two good blanks can be cut from
it.

The two wafer widths will be used to produce two
blank diameters, the larger for 0.490” blanks and the
smaller for 0.375” blanks. The blanks will be cut from
the wafer by 2 tool (capable of cutting four blanks in
a row), having a fixed position with respect to the un-
scored edge of the wafer.

The inspection will consist of examining the wafer
by means of transmitted or reflected light (or a com-

f these) and of marking the defective areas
by means of transmitted or reflected light (or a com-
stand the action of abrasive slurry in the dicing process.

If the wafer is too small to yield two blanks it will
be rejected forthwith.
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Processes 18—21

The remaining wafers will be compared in 2 jig
to the position which the dicing tool will occupy. If
the unmarked (undefective) portion will not cover the
area of two blanks, the wafer will be rejected. Two jigs,
one for each wafer width (and blank size), will be pro-
vided. The remaining wafers will be sent to the adjacent
mounting station. It is estimated that wafers will be in-

spected at the rate of ten per minute per operator.

3. Alternate Methods -

This operation is entirely manual, since it will de-
pend on the judgement of the operator and the correla-
tion of several visual and spatial factors which are im-
practical to mechanize.

4. Condition of Material Leaving Process

The wafers will contain an undefective area large
enough to yield at least two blanks of the size (0.490"
or 0.375") corresponding to their width. The defective
areas will be marked with a resistant paint or ink so0
that they may be readily identified after dicing.

5. Yield Expected

About 129, of the wafers entering are expected to
be undersized or otherwise rejected.

PROCESS 21, MOUNT WAFERS
1. Incoming Material

Inspected wafers from Process 20, with one edge
coded by means of saw-cut scoring marks.

2. Process

The wafers are to be mounted on individual glass
plates, so that they can be handled in the blank dicing
operation- without excessive chipping of the edges.

The plates, approxiraately 2-1/4” x 57 x 1/87, are
preheated and coated with a film of wax. Wafers ace
located on the plate with the unscored edge close to and
roughly parallel to one long edge of the plates. The
assembly is then cooled and is ready to be seat to the
dicing machines.

Because of the pumber of wafers to be processed
daily, it may be economicai to mechanize this operation.
Plates and wafers would be loaded into hoppers or fed
to the machine by mechanical conveyor, and the remain-
ing operations (heating, waxing, mounting and cooling)
would then proceed automatically. One wafer will be
processed every five seconds.

3. Alernate Methods

Cementing of the wafers is important in the ultra-
sonic dicing operation (22) since the edges of the blanks
tend to chip ualess undercut by the tool through a ce-
meated boundary. Glass is preferable to other ma-
terials tested, ceramic, for example, because it does not
wear the cutting tool and is also comparatively inex-
peasive and may be re-used (twice on each side).

19

Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

Processes 21-22

The wax used (Courtwright #70C) forms a good
bond, lends itself to mechanized application and is read-
ily removed in trichloroethylene.

4. Condition of Material Leaving Process

The wafers are conveyed to the dicing machines,
firmly bonded to glass plates. Wafers of the two widths
will be kept scparate; those of different thicknesses may
also be separately scheduled so as to reduce the sorting
problem.

5. Expected Yield
In a mechanized process, no loss will be expected.

PROCESS 22, ULTRASONIC DICING
1. Incoming Material

Wafers of widths 0.430” or 0.542” mounted on
glass plates. One edge of the wafer is coded to represent
the direction and sense of the X-axs.

2. Dicing Process

A shaped tool, round with a flat parallel to the
coded edge of the wafer, will cut similar shaped blanks
from the wafer by ultrasonic action. 0.375” =+.002 dia-
meter blanks witi. a flat 0.143"” ==,0604 will be diced from
the narrower wafers, and 0.490” =-.002 diameter blanks
with 0.179” ==.004 flats from the wider wafers.

The flat, being perpendicular to the X-axis, and
hence in the direction of Z’ will key the blanks for auto-
- matic sorting by ZZ’ angle in a later operation.

The didng process will be semi-automatic, in that
the wafers will be hand-loaded but will otherwise be
processed without assistance. A four station turntable
mechanism will be used. The mounted wafer will be
loaded in the first station by sliding the plate forward
until two locating points contact the uncoded edge of
the wafer. The operator will adjust the wafer laterally
with respect to a template showing the curting tool po-
sition, until the best yield of blanks is indicated. The
mounting plate is then clamped. At the next station a
multiple tool is lowered against the wafer and agitated
ultrasonically as a slurry stream is directed under the
cutting edge. At the third station, the diced wafer and
plate are ejected, and at the fourth the alignment jig
and clamps are washed and scrubbed clean. One op-
erator will be required for each dicing machine.

The multiple tool will be capable of cutting four or
five blanks at a time. The target production time will
be between 10 and 11 seconds per wafer. Tool life is
estimated at 500 wafers per tool.

3. Alternate Methods

The purpose of dicing round blanks is to elim-
inate the problem of chipping at the corcers of square
or rectangular blanks which occurs in the lapping stages.
Chipping not only leads to poor quality or dead crystals
bu: may also cause “crack-ups”.

In the past, it has been necessary to cut square
bianks so that they may be properly aligned in X-ray
equipment used to check the 22’ angle, In the auto-
matic X-ray sorting apparatus to be used in the Mech-
anized Plant (and described further in this report),
round blanks with a flat are aligned by means of a sys-
tem of three rollers and a slide. It has been found by
analysis that a €.375” diameter blank may be aligned if
its flac between 0.125” and 0.187” in length, and
similarly for a 0.490” blank having a flat between 0.163%
and 0.245”. This analysis is presented in appendix 22-1.

Hence the blanks may be diced directly in their
final state, rather than go through the steps of forming
square blanks, cementing, and roucding,

An economic comparison of the traditional and
ultrasonic processes is presented in appendix 22-2. It has
been found that the direct-dicing method will result in
a saving of 4 mills per blank. More important, the de-
gree of operator skill, training time per operator, and
number of operators is reduced, the latter, by approx-
imately 3 to 1. Additional advantagss are the simpli-
fication in material handling and consequent possibility
of increased mechanization and an increase in quartz
yield of approximately 5%. These advantages will
out-weigh the higher capital cost and greater main-
tenance skill required.

The ultrasonic method is, of course, the most direct
and rapid means of cutting 2 complex shape from the
quartzw afers, The various problems involved, such as
accuracy of X-axis alignment, have been worked out in
experimenta! models and have resulted in the procedure
described. Some data remains to be determined, par-
ticularly cutting rate and tool life. The tools will be
easily interchanged and made by an inexpensive form-
ing process. It is believed that the target cutting times
will be met.

4. Condition of Material leaving Process

The diced blanks will be automatically ejected and
conveyed to a separation station. They will still be ce-
mented to the glass plates along with the scrap, and
defective areas previously marked will be visible,

The error in flat orientation with respect to wafer -
edge will be less than #=15’. The combined orientation
error due to dicing and to section prepositioning and
sawing will be less than ==30’. For 959, of all blanks

it will be less than =22, since the errors are combined .

statistically. These accuracies are more than sufficient
for the subsequent processes of X-ray sorting and of
mouanting the crystal unit. The effects of these errors
on X-ray sorting are discussed fully in Appendix 26-3.

5. Yield Expectad

Of the wafers diced, the average yield will be in
the neighborhood of 2.5 blanks per wafer. This fi
may be conservative since no wafer will be diced unless
it will yield two or more blanks,
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PROCESS 23, DEWAX BLANKS

1. Incoming Material
Blanks and scrap, cemented to glass plates with wax.

2. Process

The plates will be subjected to a solvent bath in
which the wax cemeat will be dissolved. Warm trich-
loroethylene liquid or vapor is probably the most ef-
fective commercial agent for this purpose. A conven-
sdonal type of conveyorized degreaser is presently con-
ceived as the probable mechanism. It should require
no attention with the possible exception of loading and
unloading.

3. Alternate Methods

The process is standurd and should require no in-
vestigation.
4. Condition of Material Leaving Process

The glass plates, good and poor blanks, and the
quartz scrap will leave the degreaser in 2 separated state,
but mixed together in a basket or on 2 conveyer.

5. Expected Yield
No loss is contemplated.

PROCESS 24, INSPECT BLANKS

1. Incoming Material

Blanks, scrap and glass plates will be discharged
from the degreaser of process 23. The defective por-
tons of the quarz (cracks and twinaing) will be
marked.

2. Process

The unmarked (good) blanks will be separated and
seat for further processing. The glass plates wi'l be re-
moved and the remaining quartz scrapped.

If the glass plates have been used twice on each side,
they may be discatded here. If not, they will be re-
turned to the wafer mounting area (Process 21).

Although manual separation and inspection is con-
templated, a certain amount of mechanization is prob-
able, For example, if the degreased material is fed t0 a
coaveyor belt, the unmarked blanks may be picked out
and the remaining material conveyed to a scrap container.
The glass plates may be screened automatically owing to
their larger size, and examined later for rejection or re-
circulation.

It is estimated that an operator can detect and re-
movegoodbhnksatthcnﬂeofonepe:seeond.

Processes 23—25

4. Condition of Materlal Leaving Process

Separated blanks leaving the process will be free
of visible flaws.

5. Expected Yield

A yield of better than 809, based on all blanks
diced, is anticipated, The yield will depend greatly oa
the quality of stones initially sent into the plant, as
well as the quality of the sawing process.

PROCESS 25, LOAD BLANKS INTO CARTRIDGES
1. Incoming Material
Separated blanks, 0.375” or 0.490” in diameter.

2. Process

The design of the X-ray sorter and subsequent hand-
ling throughout the plant, requires that the blanks be
pre-loaded into cartridges. These are plastic tubes,
equipped with a slot and gate at the bottom. The de-
sign of the cartridge has been coordinated with that of
the sorting machine.

Blanks may be loaded into the top of the cartridge
without attention to their orientation (flat direction).

A vibrating hopper, similar to the Syotron design,
has been found capable of forming the blanks in & single
file and dropping them into the cartridges. The op-
erator need only £ill the bowl and switch on the mech-
anism. However other types of parts feeders com-
mercially available may prove more suitable from the
standpoint of speed.

On the average, & cartridge (2-3/4" useful height)
will hold 100 blanks. The feeding rate of the hopper is
two blanks per second, hence. 2 cartridge will be filled in
about S0 seconds. Cartridges will be changed by the
operator when they are full.

At least two machines will be required in order to
handle the different diameter blanks.

3. Alternate Methods

Depeanding on the design of the blank inspection
section, which will be immediately adjacent to this pro-
cess, the bowl may be conveyor fed by 1 belt carrying
the accepted blanks. -

1t is contemplated that the blank inspector will also
supervise the cartridge loader. .It may prove a con-
veaience or necessity to provide an automatic shut-off for
the loader so that the cartridges need not be changed con-
tinually,
4. Condition of Material Leaving Process

The blanks will be lIoaded in cartridges of two in-
side diameters, one for each of the two blank diameters.

o

) filling will be lanks i
3. Ahernate Met The avc:gt g 100 b! per cartridge.
5. Yied

Further mechanization may be possible but does not
seem warranted at this time. The yield will be 100%-
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Process 26

PROCESS 26, X-RAY SCRTING

1. Incoming Material

The diced blanks from Process 22, having been
separated, inspected, and loaded into cartridges, are de-
livered to the X-ray sorting process, either directly os
via intermediate (unsorted) storage. The blanks are
circular and possess a flat which is petpendicular to the

-axis and parallel to the Z’ axis within =3¢’ (95, are
within 22’),

The cartridges are designed to receive only 0.375"
or 0.490” diameter blanks, so that the blanks have al-
ready been segregated according to diameter in Process
25. Within each cartridge type, there may be blanks
which have been diced from wafers of the following
ZZ' angles and thicknesses:

Table 26-1
Cartridge

Type .
(Blank Thickness ZZ Amgle Range
Diemeter) (in. £ 00378  (£3%)e Intended (me.)
0.375" 0.025 35°20° 9.0—11.5
0.025 35°22.5" 11.5—18.0
0.025 35°26.5° 25.0—54.0®
0.490” 0029 35°17.5° 6.0—5.0
0.029 3s°2s’ 25.0—54.0%¢
0.033 3s*1s’ 4.3—6.0
*Tolerance equsl to three standard deviations Go)
**Third harmonic crystal (XR-23/0)

Freguemcy

2. Process

As seen from the above table and as discussed under
Processes 15 (Preposition Sections) and 16 (Saw
Wafers), the spread of 22’ angle within each type of
blank is =+3’. On the other hand, it is desired that the
blanks used to make erystals of any frequency within the
range of our order board should not deviate more thag
3’ total from the optimum 27’ angle. As discussed in
Appendix 15-1, the 22’ angle of blanks must be meas-
ured individually and they must be sorted into smaller
increments ear-marked for the manufacture of crystals
falling within their frequency range.

In view of the large production quantities demanded
oft his plaat, an automatic method of achieving this aim
has been developed. Basically, -the ZZ’ angle is re-
measared by means of X-ray diffraction from the 01.1
atomic plaae, using the same two-crystal method which
was outlined in Process 5B. However, where Processes
5 and 15 were manual adjustmeats, this process is auto-
matic and utilizes electronic ciccuitry for measuring the
peak. Where prepositioning may be relatively slow,
X-ray sorting must proceed at the highest practical speed
because of the much larger quantity of blanks compared
to the number of stones or sections.

In prepositioning, the end result was an adjustment
of the jig, while in sorting, the objective is to arrange the
blanks in an ordered sequence of batches so that they
may be allocated to the correct frequency order.

22

In the automatic sorting machine which will be
used, the cartridge containing the blanks will be merely
inserted into 2 slot on the top of the sorter console. The
blanks will be removad from the bottom of the cartzidge,
one by one, by meaas of vacuum chucks which transfer
the blanks to a rotating head.

The blank is rotated betvecn a system of rollers and
a slide until the flat portion of the blank is in contact
with the slide. (See Appendix 22-1.) The blank is
then oriented with respect to its X-axis, and maintaining
this orientation it is transferred to the measurement po-
siion. Here the blank is oscillated about its X-axis
while being exposed to a collimated X-ray beam. The
instantaneous angle of the blank meanwhile activates an
electronic drcuit which generates a secies of square
puises, each equivalent in width to an increment of the
sweep. angle. Each pulse or increment controls a sep-
arate gate in a sorting channel. The X-ray beam re-
flected from the blank is detected and the peak super-
imposed on the angle increment pulse.

The coincidence between the two pulses serves to
open one of the sorting gates. The blank is swept onoce
through the range of angles, and thea transferred to the
sorting channel and ejected. Sliding down the channel,
it falls through the gate opened by its reflected X-ray
pulse, which gate corresponds to a-certain range of 27’
angles, and drops into 2n output cartridge,

One output cartridge exists for each gate and in-
crement, and as sorting proceeds they are filled with
blanks, each of which has a ZZ’ angle whhin that in-
crement (except for sorting errors; see below).

The equipment developed under this contract will
measure and sort blanks at the rate of 43 per minute,
The sorting increments are adjustable between one and
ten minutes of arc, and there may be 2 maximum of
eleven two-minute increments. The machine will op-
erate continuously with no direction from the operator,
aside from the removal of an empty cartridge or inser-
tion of a full, unsorted one. Full, sorted cartridges (out-
put) may be removed by a push-button operation and re-
placed without interrupting the machine operation.

The precision of the ZZ’ angle measurement is ap-
proximately ten seconds of arc (one sigma) but the ac-
curacy of sorting is less easily expressed. Appendix
26-1 defines the meaning of sorter accuracy, aod explaing
how it is related to the input distribution and to other
parametess. In the range in which this Plant will op-
erate, it is estimated that the sorter accuracy will be such
that substantially all blanks entering any one output
cartridge (increment) will have ZZ’ angles falling in a
range equal to the nominal incremeat width plus 0.5
minutes of arc (3 sigma) on cither side of the increment.

The development of sorting errors by reason of er-
rors accumulated in the cutting processes is antlyzed in
Appendix 26-3. This appendix also discusses the effect
of cutting errors on resolution (beam width) of the
double-crystal goniometer,
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Process 26
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The question of how to set the sorter increments
has received some study, although the machine is flaxible
enough so that a final decision may be deferred. The
increment settings must not only meet 2 criterion that
no blank shall deviate more than three minutes from the
optimum ZZ' angle but also be placed so as to gain the
maximum yield of useful blanks without requiring too
many blank types to be stocked. Figures 26-1 and 26-2
show some of the study results, and also represent onc
possible way of setting up the sorter. The numbers
Gited are based on an assumption of normal distribution
of angular errors around each nominal angle set into the
prepositioning equipment. The spread past the nom-
inal increment limits due to sorter errors is taken as 0.5'
on each side. ‘This results in an overlap of 1.0” between
two adjacent increments. Observing Figure 26-1 (set-
tings for 0.490” blanks), 2nd taking the 35°25" (nom-
inal) blanks as an example, it is obvious that if the cen-
ter 3', e.g., 23.5' to 26.5" (equivalent to a sorter setting of
24’ to 26’), were taken as an increment, all the blanks
sorted into this increment would be usable over the fre-
quency range 17 to 25 mc. However, the two outer io-
crements must be thrown away (or at best the lower in-
crement could only be used for 17.0 mc,, exactly). The
two outer increments represent 13.4% of all blanks cut
to that angle, because the central portion is equal to
=+1.5 sigma of the normally distributed input, or 86.6%.
By splitting the blanks into two increments, as is done in
Fig. 26-1, only 1.24%, need be sacrificed and the remain-
der wiil be within the 3’ tolerance for the frequendies
noted.

Likewise, the range 35° 12’ to 35° 20.5" (ie. the
15* and 17.5' nominal cuts) can be separated into four
increments with only 1.24%, of the 17.5 blanks and
0.139), of the 15’ blanks sacrificed. An even better yield
can be obtained with the 0.375” diam. blanks. The
three nominal angles can be sorted iato six increments,
all of which are useful, with only 0.13% of the 26.5"
blanks lost. The number of blanks per day to which
these percentage figures correspond will depend on the
particular order board and total quantity of each type.
Also the increment settings may be shifted in order to
obtain a larger output of blanks useful for the more
popular frequencies. (For example, the lowest incre-
ment sorted in Figure 26-1, which is 11’ to 14, is useful
only for 4.3 mc. crystals. But since these constitute 6%
of the total production, as estimated by the order board,
this is a satisfactory emphasis. If a somewhat higher
frequency became more popular, it would be indicated
to shift the sorting spectrum upward.)

Finally, the schemes outlined in the two figures
show somewhat differing settings for 0.490” and 0.3757
blanks. Ia the interests of operating convenience, it may
be desirable to compromise yield slightly to keep the in-
crement settings the same for all blanks.

3. Alternate Maethods

Initially the question may be raised as to whether
X-ray sorting is necessary. Prior to the advent of the

Process 26

Hoffman saw, the angle spread was very great, but the
greater accuracy of the Hoffman machine made it con-
ceivable that the sorting step could be omitted. Appen-
dix 26-2 is a summary of an Operations Research Study
designed to answer that question. The results of this
study are that with X-ray sorting the yield of good cry-
stals may be raised well over 10%, since approxiinately
789, of the crystals will be within tolerance without
sorting but 949, may be expected to be within tolerance
if sorting is used.

The question as to whether sorting should be done
manually or automatically is simply answered on the
basis of economics and skill required. The measurement
specified cannot be made manually in less than 15 sec-
onds, thus the machine proposed replaces at least ten
operators, all of whom would be required to have more
¢than 2 moderate amount of skill. If wafers were meas-
ured instead of blanks, the amount of work would be cut
to perhaps as little as one-half (five operators) but the
accuracy would be less owing to the variations along a
wafet. Of course, if mechanization is granted desirable,
the blank is easier to handle than the wafer because of
the irregular size of the latter.

4. Condition of Material Leaving Process

The blanks will leave the sorter arranged in car-
tridges (an average of 100 blanks per cartridge), which
will be divided into 12 active categories, six of these
being for 0.490” blanks and six for 0.375". If the sort-
ing scheme used in Figures 26-1 and 26-2 are accepted,
the categories will be as follows:

Yable 26-2

X-RAY SORTER OUTPUT

Sorter ZZ Asgle Freguency
Increment Range Category
(min. arc) . (min. arc) (mc.)

<118 —_ Reject
11.5-13.5 11-14 43
13.5-15.5 13-16 6.0-7.0 (1)
or 4.3-5.7 (2)
6.0-7.6 (1)
or 5.06.0 (2)
6.69.0 (1)
or 5.0-6.0 (2)
Rejects

15.5-17.5 15-18
17.5-19.5 17-20

19.5-23.0 —_—
23.0-25.0 22.5-25.5 17-25 (3)
25.0-27.0 24.5-27.5 18.7-25 (3)
>27 —_— Reject
<17 —_ Reject
17-19 16.5-19.5 9.09.3
19-21 18.5-21.5 9.0-12.1
21-23 20.5-23.5 10.7-18.7
2325 22.5-25.5 13.7-18.0
. or 25.0 (3)
25-27 24.5-21.5 25-54 (3)
27-29 26.5-29.3 37-54 (3)
>29 — Reject
(1) Thickness .029” (pominal)
(2) Thickness 033" (pominal)
(3) Third harmoaic
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Processes 26—27

S. Expocted Yield

In addition to the twelve active categories there
will be three rejects as shown in the above table, i. e,
the extremes (over and under limits) 2nd the 19.5-23.0"
cut of the .490” blanks, What these will add up to in
terms of numbers of blanks wilt depend on the relative
number of each kind of wafer cut, but it will not exceed
29, and probably be less than 1.5%, with the sawing
process in good control. The number of twinned blanks,
which will also be rejected, should be negligible if the
veafer and blank inspection process remaias in control.

PROCESS 27, THICKNESS SORTING
1. Incoming Material

Output cartridges from the X-Ray Sorter containing
blanks divided into increments of three minutes spread,
are delivered to the Thickness Sorter. As stated in Table
26-2, there are twelve of these increments, six each for
0.490” and 0.375" blanks. Nine of these contain blanks
of only one nominal thickness (.006” spread) and three
of them contain two blank thicknesses with the same
ZZ’ angle range, (.010” spread). Table 27-1 defines
the thickness sorter input.

Table 27-1
THICKNESS SORTER INPUT

ZZ' Increment Range of Useful Frez.
Thickmess Range (mc.)
35°11.35%14° .0307-.036" 43
13-16’ .026"-.036" 4357
15%-18° 0267-036"  5.0-60, 6.0-7.6
17°-20° .026"-.036" 6.65.0
22.5%.25.5" .026"-.032” 17.0-25.0
24.5'.27.%° .026"-.032" 18.7-25.0

16.5"-19.5’ .022"..0287 9.0-9.3
18.5%-21.8" .022"-.028”" 9.0-12.1
20.5%-23.5" .022"-.028" 10.7-15.7
22.5%-25.5" *.022%-.028" 13.7-18.0, 25.0
24.5'-27.5" .022"-,028" 25.0-54.0
26.5"-29.5" .022"-.028" 37.0-54.0

2. Process

We find from the results of the study of the lapping
process (Process 29) that a limited improvement in the
thickness (or frequency) spread is to be expected in the
Primary and Secondary stages. This will be discussed
under the proper heading, but it suffices here to state that
the thickness spread into Primary Lap should not exceed
.002”. As can be seen from the Frequency Chart (Ap-
pendix IV), this will result in the desired spread into
Final Etch if we assume that the improvements in the
first and second lapping stages is 2:1 and that the Fre-
quency Sorter (Process 32 to 37) results in a farther
5:1 improvement after these stages.

On the other hand, the nature of the wafer sawing
process does not permit us to cootrol the raw blank
thickness to better than =.003” or a spread of .006”.
Thus we must resort to thickness sorting before entering

2. THICKNESS SORTER SPECIFICATIONS:
An ideal thickness sorter for this purpose wouid be one
in which the error was zero, the coverage from .022 to
.036 (.014" total range), and the increment width .002".
Such a sorter would divide the inputs of Table 27-1 into
a total of 42 separate categories (three increments for
cach of the inputs with .006” spread and five for each of
those with .010” spread). Each of these categories
would have a thickness spread of .002” and an angle
spread of 3’ or less. Since an ideal sorter is unobtainable,
we have investigated the behavior of sorters having a
finite error, with respect to number of increments, and
to some exteat, the loss of blanks by rejection. In general,
the more accurate a sorter can be made, the fewer number
of increments are required to divide a given input into
lots with 2 maximum specified spread. Hence a compro-
mise must be made berween the desire to have 2 minimum
number of increments to store, and the increased cost
and complexity of more accurate sorters. In cases which
may be in doubt, the decision may be based on the blank
loss caused by sorting good blanks into a reject category
(because of the finite sorter error). There is no general
formula for determining this loss; it must be found by
trial, fitting the proposed sorter increments to the actual
output in an optimum mannet.

It is not necessary to sort the entire range of inputs
with one setting of the sorter, provided that the settings
can be changed easily. However, the range must be
suffident to handle all blanks in the broadest input
category; in the case of Table 27-1 this is 0.010” (.026"
to .0367).

Let us assume a sorter with N increments (outputs),
each of width W inches. S, the.actual spread of the N
increments, is more than W, because of the sorter error
of standard deviation o. The total range R of the
sorter (for any one series of settings) is:

R = NW = 0.010 inches

Because of the error of the sorter measuring device,
some blanks lying near the border of two adjacent
increments will fall into the wrong increment, however,
only 0.3% of the blanks having a thickness as much
as 3¢ greater or smaller than an increment boundary
will fall into the wrong increment. Hence, the actual
spread of the sorter outputs is:

S=3+W+3c=W + 6¢
Combining these two equations and putting S equal to
.002”, the desired spread, we obtain
S R

6 N

010
v 000333 — ——
N

Hence, we obrain the following variation of o (standard
deviation of measurement) with N, the number of

increments.
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A value of ¢ approximately equal to 0.0001” should
be easy to obtain by a variety of techniques, such as
photoelectric gaging, air gaging, and the like A much
smaller value may be difficult to instrumeant, particularly
at high sorting speeds. Hence it appears that N = 8
ot N = 7 are near the optimum values.

Figures 27-1 and 27-2 show the effect of sorting one
particular 0.490” diameter input with a 0.010” spread,
and a2 0.375” input with a .006"” spread, using a sorter
of N = 8. Naturally, the former will divide into 8
outputs of spread .002”. The .006” spread batch will
be sorted into 4 outpats. There will be no loss incurzed
in sorting good blanks into reject from the 0.490” batch
because the increments overlap the total range of thick-
ness. There will be a small loss. not exceeding 0.2%, on
cither end of the 0.375” batch.

With N = 8, the six angle-sorted input increments
are sufficient to sort spreads of .006” into those of .002%,
if we accept a loss of 0.62%, at cither end, or a total loss
of 1.249,. This would result in a total quantity of
output increments equal to:
9x3 4+ 3 x7 =27 + 21 = 48 outputs

We can reduce the number of increments going to
storage by 12 but at a cost of 0.8%, of blanks sorted and
a slight increase (30%) of sorter accuracy. At this
time it appears better to store the additional categories
of blanks than to “build in” a loss of nearly 1%, other
than-legitimate rejects.

Table 27-2
COMPARISON OF SORTER POSSIBILITIES

N = bj 7 8
. (Perfect)
Sorter Error

(1 std. dev.) 0
Total output

increments 42 48 60
Sorting loss:

.010” spread (1] (1] o

.006” spread (] 1.6% 0.4%

The possibilities N = 7 or 8 both appear to be
easily instrumented at a sorter speed compatible with the
X-Ray Sorter; i e., 40 blanks per minute. Externally,
the sorter could resemble the X-Ray Sorter console and
could utilize the same cartridges and sorting mechanism.

3. Alternate Methods

There appears to be no reasonable alternate to
thickness sorting of some kind, if we are to maintain our
schedule of spreads. Frequency sorting is not considered

0.000095" 0.000125"

Processes 27—23

possible because all’the blanks are not “active” in the
raw stzge. It is possible that the blanks could be lapped
unsorted until they were smooth enough to oscillate, then
frequency sorted, but this would almost surely result in
a great loss of time in lapping and an.increase in spread
to the point where many more increments would need
to be separated when sorting finally occarred. It does
not seem cconomic to defer sorting, therefore.

As far as the method of measurement is concerned,
the technique has not yet been frozen, but there are
many possibilities (as mentioned above) for which this
range of accuracy and speed is reasonable. The most
economic means will be chosen from the results of a
survey of available methods.’ :

4. Condition of Material Leaving Process

There will be 55 active categories of blanks leaving
the thickness sorter, in addition to the over-and-under
thickness rejects. These will all be loaded into the
plastic cartridges utilized in the X-ray sorting step. A
typical division of outputs will appear as follows, assum-
ing that the sorting schemes suggested are used.

Blank Diam. Freq, Range
0.4950" 4.3 mc
4.3-5.7
5.0-6.0
6.0-7.6
6.6-9.0
17.0-25.0
18.7-25.0
9.0-9.3
9.0-12.1
10.7-15.7
13.7-18.0
25.0-54.0
37.0-54.0
Total Categories 55

5. Expected Yield

The number of rejected blank< should be less than
19, if the most efficient sorting scheme is chosen. A
fair estimate would be 029, of the total number of
blanks from sorting errors plus 0.5, actually out of
control due to sawing defects, or a total of 0.79 loss.

No. of Increments

L L A

PROCESSES 28, 33, 38, LOAD LAP CARRIERS
1. Incoming Material

Blanks to be prepared for lapping have been pre-
viously sorted by ZZ’ angle and by thickness (see Proces-
ses 26 and 27), and are divided into a number of
increments, each of which is suitable by virtue of angle
of cut and spread of thickness to produce crystals of a
specified r.nge. These increments of blaoks bave been
stored in the plastic cartridges previously mentioned by
the sorting machines. They will be drawn from a central
blank storage area when a production order is recsived.
In Processes 33 and 38 the blanks will be obtained from
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Processes 28-29

Frequency Sorting after one or two lapping stages. They
will also be stored in these cartridges.

2. Carrier Loading Process

Depending on the process which is chosen for lap-
ping, it is usually necessary to place the blanks in carriers
madc of metal or plastic, Laving holes large enough to
receive the blanks and to allow them to rotate. In the
lapping process which we will use (planetary lapping)
this is certainly necessary by reasoo of the design of the
machine. Tuae carriers in this case possess gear teeth
around their drcumference, which are engaged by the
planietary gears of the machin¢, and in turn, cause the
carrier to rotate between stationary upper and lower
lapping plates, carrying the blanks with them.

The use of blank carriers is common enough in the
quartz crystal industry that it is hardly necessary to justi-
fy them here. The primary question has been whether to
place the blanks in the carriers after the latter are in the
lapping machine or to cement the blanks and carriers
together and load them as an assembly.

The advantages of the latter course are obvious
with respect to lapping machine loading time, and in
the production quantities of this contract, the smaller
number of machines required. In addition, it is pos-
sible to separate the skill required in loading from the
actual operation (or supervision) of the machine,

It bas been found quite feasible to pre-load the
crystals into the carriers. They may be cemented with a
variety of adhesives, nitrocellulose lacquer being one
and a proprietary adhesive *Nu-Bond” (Solomons Lab-
oratories, Inc.) being another. The cements dry rapidly
and the carriers can be readily handled after this step.
However, the cement must be removed from the blanks
before the start of actual lapping, since the blanks should
be free to revolve in the carriers to promote uniform
lapping. Hence, the cement must be highly soluble in
commercial solvents. The two adhesives mentioned are
soluble in acetone and the latter may also be dissolved
by solvents of lower vapor pressure which may prove
more convenient in practice. When one of these solveats
is introduced into the lapping machine (after the car-
riers are inserted and the lapping plates in place), the
blanks are quickly loosened and lapping is satisfactorily
accomplished without danger of crack-ups from this
cause.

The actual procedure of carrier loading coasists of
placing the blanks in an appropriate size carrier, brush-
ing cement over the assembly, drying, and sanding the
surface slightly to remove ridges of cement which might
prevent the lapping plates from contacting the blank and
thus promote crack-ups. The sanded carriers are then
stacked and are ready for loading into the lapping ma-
chine.

It should be mentioned that two sizes of carriers
are necessary in order to hold the 0.375” and 0.490”
blanks with a small clearance (a few thousandths). The

30

carriers must be rigid so that they do not bead or
warp during lapping (again promoting crack-ups). The
carriers material, and hole size ig therefore impertant.
We have obtained good results with razor blade steel
carriers having either three c€ four holes for 0.490” or
0.375" blanks, respectively, The thickness of the carriers
is important—they must be thinner than the blanks, but
not so thin as to cause structural weakness. Carriers
used in the plant should therefore be examined peri-
odically for wear and damage,

In practice, the skill and time required in loading
the carriers is such as to justify the mechanization of this
process. Hence, it is envisioned that a machine will be
developed to perform the various operations described.
The task of the operator will be limited primarily to
feeding the machine with cartridges of blanks and in
seeing that the loader carriess are delivered to the proper
lapping machine or stage.

3. Alternate Maethods

The various alternatives of hand-loading and load-
ing crystals into the lapping machine directly have beew
discussed above.

4. Condition of Material Leaving Process

Blanks are cemented into carriers of the correct
dimensions, sanded, and stacked in order of lapping
machine-loads or increments of thickness und frequency.

5. Yield

No loss is assumed in the loading process; any
damage to the blanks being lumped in the loss due to

lapping.
PROCESSES 29, 34, 39, LAPPING

1. Incoming Material

Metal lap carriers containing three or four holes
in which blanks are cemented, are delivered to the
various lapping stages. The blanks in any group of
carriers which are processed at one time by a machine
in the first or primary lapping stage have 2 thickness
spread not exceeding .002 inches (e. g. 99.5% of all
blanks in one lot fall within this range of thickness varia-
don.) Those entering the second stage of lapping will
have a thickness range of .0002 inches (equivalent to
between 33.3 and 257 kc for the nominal frequency
range of 4.3 mc. fundamental to 54.0 mc. third har-
monic.) Those entering the third and final lapping stage
have a range of 0.15 to 0.28f’kc, depending on the
nominal frequency, as specified in the Frequency Chart
(Appeadix IV).

The ZZ’ angle spread will be not more than three
minutes of arc for any incoming machine-load of blanks,
aad the angle will be not more than three minutes away
from the optimum ZZ’ angle for zero temperature coef-
ficient, as defined by Appeadix 15-1.
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2. Llapping Process

The purpose of the lapping process in this system
is to bring the blanks down in thickness to 0.55 or 0.50{*
above nominal frequency of the order (for CR-18/U and
CR-23/U crystals, respectively), and at the same time
to remcve sufficient material to remove a!l saw marks
and striations that have occured during the preparation
of wafers, as well as to obtain a smooth finish appropriate
to the subsequent process of etching. The spread of
thickness of the blanks must also be reduced to a range
of 0.2f2 in order that the final frequency can be adjusted
easily in the finishing operations.

The lapping process is broken up into several
stages, each aided by an intervening sorting process, so
that the frequency spread is continually reduced rather
than widened.

The theory of lapping processes is largly lacking,
although a good deal of empirical data has been gathered
in this project and by the crystal industry, In the first
place, we find it necessary to choose a lapping process
which can be mechanized to zn extent where 2 high
degree of skill is not required of the operator. In the
second place, the process must be reasonably rapid and
economical of machines, owing to the large quantities
of crystals which must be produced. Equally important,
the processing must be relatively fool-procf so that the
yield of good crystals is high, since a low yield neces-
sarily enlarges the entire plant, In particular, we must
avoid crack-ups, the progressive destruction of all blanks
in a lapping machine. However it is not suffidient to
avoid destruction of blanks and chipped blanks of low
activity, it is also necessary (in the case of bigh-frequency
crystals) to insure that the blanks are parallel to a high
degree, and in all cases to avoid unpredictable angle
shift which will nullify the care taken in wafering to
insure a low temperature coefficient.

So far as the mechanical aspect of lapping is con-
cerned—production of parallel sides, spread reduction,
and avoidance of crack-ups—the parrow-track planetary
principle bas appeared to offer the greatest advantages.
The narrow track machine offers the possibility of the
use of one type of machine over the complete frequency
range. It can produce extremely flat blanks for high
frequency and also can be used to produce medium
frequency blanks which seem to require z slight surface
contour. The narrow lapping plates are easier to true.
The frequency spread obtained is small, possibly due to
the better control of the lapping plates. Additionally,
the narrow track lapping machine has 2 reasonable
capacity which does not require the plant to have
an excessive number of lapping machines. Planetary
lapping involves the gear-toothed carriers previously
described, which revolve about their own axes and
around the axis of the machine in cycloidal fashion,
carrying the loose blanks. These also revolve between
a lower and upper lapping plate, the latter being loaded
by an appropriate weight, the whole being flooded by
an abrasive slurry. The results of such machines being

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 :

Process 2%

attractive, we have added certain features and refinement
of design, permitting mechanized raising of the upper
lap for loading and unloading, mechanized wiping of
blanks into a central basket after conclusion of lapping,
radio-frequency monitoring of crystal oscillation and
automatic shut-off at a predetermined frequency, all to
permit more rapid cperaton and to reduce the skill
needed. The design of the blanks (round) largely elimin-
ates the chipping problem, since this most often occurs at
the corners of square blanks.

We have determined by experiment and observation
that three lapping stages are sufficent to produce
properly finished blanks and to rzmove saw-marks. The
minimum total removal of quartz from the raw blanks
has been discussed in Appendix 16. In Figure 16-1-1 of
this appendix the amount of removal which must follow
lapping with a specific grit size (in order to remove
marks of that grit) is specified. The grit size also deter-
mines the speed of lapping, other factors such as machine
rpm and top plate weight being equal. For 2 certain
minimum removal and a given finish at the end of the
last stage, the amount of removal and hence the relative
lapping time can be estimated for different numbers of
stages assumed, each with a progressively smaller grit
size. For example, we have found by experiment that
good CR-18/U crystals can be made with a final finish of
8 microns but that CR-23/U crystals require 4 micron
grit, otherwise the amount of final etch becomes exces-
sive, causing a greater spread and loss of crystals by
reason of etch pits. Also, a larger grit size in final
lapping reduces the amount of cortrol in that process.
On the other hand, a much larger grit size should be
used to remove the saw-marks, since 4 and 8 micron
lapping is excessively slow. But i 1in, control of 25
micron lapping, which yields sufficie. tly rapid results,
is poor, so that an intermediate stage is advisable. More
than one intermediate stage is undesirable, since it in-
volves additional handling of the material, more ma-
chines, and greater loss of blanks. Fortunately we have
found that three stages is sufficdent for both crystal
types; ¢. g, 25, 12 and 4 micron for third barmonic
crystals and 25, 12, 8 micron for fundamental crystals
(within the frequeacy range of this contract).

A tabulation of the minimum removal in each stage
is found in Appendix 16-1, Table 16-1-1.

The abrasives we have found to be most satisfactory
are those suspended in oil—the “permanently sus-
pended” products of Scientific Abrasives Co. SiC and
alumina Al,0y are reliable and of sufficdent hardness
to lap quartz; diamond dust is too expensive and some-
what too hard for final lapping. The oil suspension
results in 2 lower frequency spread and fewer cracks
than water suspension, for example, although oil neces-
sitates washing of blanks between each stage. The syn-
thetic oil-suspended abrasives we used are the following:

SiC 25 micron
SiC 12 micron (Crystolon)
Al,0; 8 or 4 micron (So. African Corundum)
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Process 29

‘The amouat of rcmoval in each iapping stage is:

Primary 0i62” (average)

Secondary .0037”

Final .0015” (CR-18/U)
00057 (CR-23/U)

The rate of removal in cach stage is sharply depead-
ent on such tactors as top plate weight, machine rpm,
and even the coadition of the grit. We have not
gathered sufficient data on our machine to make any
firm statements. However the data on hand indicates
that the lapping rate is inversely proportional to the
unit area of the quartz load, for 2 givea top plate weight,
and to the square of the grit size in microns. It is not
koown_whether or not the rate increases linearly with
top plate weight (unit pressure), and it almost certainly
increases less rapidly with machine rpm. Based on data
for 48 blanks per load, the diameter 0.490”, 25 micron
grit, 50 rpm and a weight of 16 pounds, which has
averaged about .0011 inches per minute removal on 2
Dallons narrow-track planetary lapping machine, we
have extrapolated the foilowing rates which we ex;
under our own operating conditions (e. g., 48 blanks of
0.490” and 64 of 0.375” diamerer, speed 100 rpm, top
plate weight variable.)

Table 29-1
Lapping Rate
Grit Size  (inches per min.)
Lapping Stage (microns) 0.490"D. 0.375"D.
Primary 25 002 0026
Secondary 12 0005 0006
Final (CR 18/U) 8 100022 00026
Final (CR-23/U) 4 000055  .000067

An important objective of the lapping process is to
reduce the spread in thickness (or frequency) from the
range of variation to which we are capable of sawing
(aided by the practical limits of thickness-sorting) to
that range where finishing operations, specifically final
plating, can adjust the frequency within the limits re-
quired by Military Specifications. We have found def-
initely that 2 reduction in spread is possible with narrow-
track lapping and well-trued lapping plates, which re-
duction is most apparent using the coarser abrasives.
(This spread reduction is predicted by elementary theory,
but bas not always been borne out in past practice.)

The spread reduction appears to have a finite limit
with a specific abrasive; that is, the improvement is most
noticeable when the input has a rather wide spread,
(but not excessively wide), while a narrow spread input
might not be improved at all, or even worsened. The
absolute spread limit apparently becomes less as the grit
size is decreased.

It is concluded that it is not possible to reduce the
spread indefinitely in any one stage; that is, each stage
has an optimum input spread which spread will improve
to some exteat as lapping proceeds; but after a certain
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degree of lapring, no further improvemeant is possible.
Lapping in three stages is not sufficient to reduce spread
to 0.2f2 without aid. This aid is supplied by frequency
sorting between each stage; the blanks are removed
from the muachine, their frequency measured, and the
blanks sorted izta lots which have a spread optimum for
the next dner grit or lapping stage. Frequency sorting
can be carried as far as the accuracy of measaring in-
struments permit, but the complexity of production con-
trol increases with the number of sorting incremeants.
Therefore, there is a practical limit to sorting.

We have assumed and amply confirmed by experi-
ment that it is possible to obtain 2 2 to 1 improvement
in spread in the first stage of lapping (e.g., from .002%
to .001” (6 sigma), and likewise for the second stage.
After the first and second stage, we will sorttoa Sto 1
improvement. Hence, the spread after first lap 2ad fre-
quency sorting will be .0002”, which constitutes the in-
put to the secondary lapping stage, and after the sec-
ond lap and sorting process the spread will be 0.2f3,
which corresponds roughly to 2 10 to 1 improvement
(see Table 29-2). Hence we enter the third lapping
stage with the final spread which we wish to achieve,
and need not assume any improvement. After the final
lap, sorting is not helpful, since those blanks out of
limits mus: be rejected or else improved in final etching
or base plating. This step we do not intend to take be-
cause of the complexity 2dded to the final etch or base
plating apparatus, hence we will frequency sort after
third lap only to reject out-of-limit blanks.

Table 29-2

REDUCTION IN SPREAD IN LAPPING AND SORTING

- Input = Ostput

Stage (Process) Spread (6g) Spread (6o)
Thickness Sorting (No. 27)  .006” .002”
Primary Lap (No. 29) 002" 0017
First Frequency Sort (No. 32) .001” .0002”
Secondary Lap (No. 34) 00027 00017 (1.f2)
Second Freque

Sort (No. 37) 1.f* 0.2f3
Final Lap (No. 39) 0.2f2 0.2f*

Frequency sorting is described in more detail under
Process 32, and is mentioned bere only to show its re-
lationship to lapping. However it is a significant point
in another respect. If we did not resort to sorting, there
are other means by which the spread can be kept with-
in limits. One of these is transposition of blanks, e.g.,
removal of some blanks from the .machire and re-in-
sertion in a particular pattern, after which lapping is
resumed. This is done by some crystal manufacturers
and results in good blanks. It is almost impossibly time-
consuming for large production lots, requires much skill,
and is the sort of operation which this plant must avoid.
Fortunately we find sorting is 2 good substitute. In the
same way we have avoided the need for redrculation;
e.g, removal of blanks after partial lapping, sorting,
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and returning to the sarae stage. This is practiced in
some plzans, Bt as can be reacily seen, is aquivalent in
bandling tims to =0 additicnal stage of lapping. The
quality of blanks produced by our narrow-track lapping
machine has eliminated any need for this step.

Finzlly, one other procedure should be mentioned.
It is possible to run all blanks through the various
stages of lapping without sorting except at the end of
the process. This is done by some manufacturers, but
requires more skill on the part of the operator to maiao-
tain a narrow frequency spread. With the use of auto-
matic frequency sorting, we can keep our overall yield
at a high level without operator skill.

Two more aspects of the lapping process should
be briefly mentioned. Regarding ZZ' angle-shift, very
little is known, oz even if it actually occurs in narrow-
track lapping. We have insuffident data to predict the
amount which will occur. However, industry practice
indicates that it is possible to compensate for any shift
that does occur, or we could narrow the increments of

our X-ray sorting procedure.

Another aspect of blank quality is the degree
which opposite sides are parallel. A certain amount of
waviness can be tolerated and not effect activity or
response, but non-parallel sides result in poor crystals.
We know that our lapping machine is sufficiently ac-
curate that 8 mc. crystals must be contoured slightly to
give good activity: this is a strong indication of flatness
and also indicates that parallel blanks will result.

To briefly summarize our lapping procedures: pre-
loaded blank carriers will be placed in narrow-track lap-
ping machines, the operation of which is largely auto-
matic and controlled by radio chut-off. Three stages of
lapping will be used; for CR-23/U these will utilize 25,
12 and 4 micron abrasive suspended in oil, for CR-18/U
¢he abrasives will be 25, 12 and 8 microns.

Between each stage, blanks will be removed and
sorted by frequency to reduce frequency spread. After
the last lap, the spread will be 0.2f2. Blanks will be flat
and paraliel and a high yield of undamaged blanks will
result. After final lap, low frequency crystals will re-
quire edging of contouring to bring up activity (which
is discussed under Process 41). Between 7.5 and 10. mc.
it may prove possible to produce the slight contour
needed by altering the planetary gear ratio of the lap.
Hence an additional operation would not be required.

3. Alternate Methods

In Report No. 1 of this System Study, mention was
made of various othet methods of lapping. These have
been studied in sufficieat detail to plan a course of ac-
tion. The methods and our reasons for oot choosing
them are outlined below in brief.

2. BLANCHARD GRINDER—rapid diamond
wheel rough cutting is experienced with this machine.
However blanks must be cemented to the holder, de-

Processes 29—30

greas=d, and re-cemnented; once for ~ach side, and this
is dme-consumng if not mechanized. Fourther, it does
not seem possible to hold angle shift to the required
orientation. This machine is certainly limired to primary
lapping.

b. DRILL-PRESS—suitable for small loads oaly
(up to 18 pieces). Neither faster ncr as precise as
planetary.

c. PIN-LAP—results in a wide spread of fre-
quency. Requires transposition.

d. WIDE-TRACK PLANETARY LAPPING—
narrow-track lapping plates are trued more easily, re-
sulting in better blanks, It is also limited to the lower
frequency ranges.

Because the use of one machine type for all lapping
stages results in greater efficiency in plant operations
and development and also simplifies operator training
procedures, this has been established as our design goal.

4. Material Leaving Process

The lapping machine design provides for sweeping
the blanks from the lower lapping plate into a basket,
which necessarily contains the carriers and abrasive as
well. Thus, at each stage a basket containing 16 car-
fiers and 48 or 64 blanks will be the output of the ma-
chines.

The quality of the blanks has already been discussed.

5. Yield

‘The yield of undamaged blanks in any stage is less
important than the overall yield. The degree of mech-
anization incorporated into the lapping machines coupled
with the loaded-carrier system leads us to believe that
the overall yield will be on the order of 789, for the
three stages, or an average of 929, per stage. The
damaged blanks will include those broken in crack-ups
(relatively few), cracked and chipped blanks, and those
with scratches or other defects which prevent oscillation.
These rejects will be detected visually and automatically
in subsequent processes.

PROCESSES 30, 35, 40, WASH BLANKS
1. Incoming Material

Baskets removed from the lapping machines, bold-
ing lapped blanks (from the various stages), abrasive
SiC or Al0; in an oil slurry, and the metal lap carriers.

2. Process

Blanks must be washed to remove abrasive, quartz
dust and oil before they can be inspected and frequency-
sorted. Particularly oil must be removed in order not to
interfere with the frequency measurement. No abrasive
grains may be carried on to the next lapping stage or the
blanks will be scratched. In summary, the blanks must
be washed with a liquid of sufficient density to loosen
the abrasive grains, as well as dissolve the oil, such sol-

33

Declassified i - iti
ied in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2




Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

Processss 3032

vent being commerdially avzilable and acceptabie in in-
dustrial usage. A natural choice for this solvent is
trichloroethylene which is & standard industrial degreas-
ing solveat.

The blanks and other material from the lapping
tzachines have been purposely swept into special baskets,
which can be placed without further manipulation into
washers designed to accept them. The washers mie en-
visionea as being similar to domestic dishwashers, in
that the liquid will be swirled or agitated ia and around
the baskets, however, the action shall not be so violent
as to cause damage to the blanks. The washing cycle
will be automatically timed.

3. Alternate Methods

The saving in operator time achieved by automatic
washing is such that manual methods, although possible,
should not be considered.

4. Condition of Material Leaving Process

Blanks will be free from oil and abrasive, but will
be wet. They must be separated from the baskets and
carriers as well as dried.

5. Yield

Shrinkage estimated in this process has been lumped
with the loss during lapping.

PROCESSES 31, 36, 42, SEPARATE, DRY AND
INSPECT BLANKS, LOAD CARTRIDGES

1. Incoming Material

Blanks will be removed from the washers after each
lapping stage, contained in perforated baskets.

2. Process

Several objectives will be achieved in this process.
First, the carriers are removed from the baskets and set
aside for return to the loading machines. Secondly, the
blanks are emptied from the baskets and placed on an
inspection belt which carries them past an inspector in
single file. These operations can be performed manually
with the assistance of some simple jigs.

The blanks, having been separated, will then be
passed through 2 drying secion which may consist of
infra-red lamps above and below the traveling bele. It
may be necessary to perforate the belt to achieve good
drying. Finally the dry and separated blanks are passed
in front of an iaspector.

The blanks are best inspected by transmitted light,
heace they may be illuminated from below and the belt
made transparent or translucent for this purpose. Op-
tical magnification or projection may ease the inspector’s
cask of determining defects in the blanks. It is neces-
sary to reject blanks that are broken or cracked, else they
may jam the sorting machiae. Blanks which are badly
chipped or scored should also be rejected since it is ex-
pensive to process them further. However, they will
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be eliminated in the sorting process if the defects are
serious enough to destroy their activity. Since the blanks
are already separated, it is easy to load them into car-
tridges by lerting them slide off the end of the belt. In
the event that several differcat orders are to be processed
at once in the lapping stage, different cartridge loading
stations should bz provided, and the belt divided into sec-
tions for the purpose of keeping orders separate.

3. Alternate Methods

There are other possible variations of this scheme,
but basically the inspection and separation is & mantal
process, and it is necessary to provide &s many aids as
possible to assist the operator in making a decision as to
quality of blanks.

4. Condition of Material Leaving Process

Inspected blanks will be free from visual defects
and will be packaged in standardized cartridges which
fit the sorter mechanism.

5. Yield

Approximately half the blacks which are consid-
ered damaged or lost in the lapping process will have
visual defects and will be rejected at this point. The
remaining blanks will be rejected in the frequency sorter.
Since we have assumed 89, loss in the lapping stage, the
shrinkage here will be about 4%.

PROCESSES 32, 37, 43, FREQUENCY SORTING
1. Incoming Material

After each of the three lapping stages, inspected
blanks which are loaded into cartridges will be picked
up and delivered to the Frequency Sorter. The blanks
will have different spreads, depending on the lapping
stage just completed. (See table below)

Table 32-1
TYPICAL INPUTS TO FREQUENCY SORTER
(SPREAD* FOLLOWING LAPPING STAGES)

Primary Seconmdery Find Lap
Lap Lap

167 ke. 23 ke 46 k.

18.0 mc. 995 kc. 250 ke 50.0 ke,

17.0 mc. 283 ke 45 kc. 89 ke

54.0 mc. 1290 ko 383 kc. 76.5 ko

sSpread equals range of 6g. All spreads refer 1o fuodamental
frequency.

CR-18;/U
CR-23/U

4.3 mc

2. Sorting Process

The objective of frequency sorting after each lap-
ping stage is to reduce the spread into the next stage, or
in the case of final lap, to reject out-of-limit blanks be-
fore final etch. A reduction in spread b - a factor of five
is necessary after the first and second stages of Iapping.

Frequency sorting by hand methods is maanifestly
impractical for production quantities of the magnirude
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cited. Hence, this process will be automatic, with one
operaior required to load cartridges into the machine,
unload those cartridges containing the increments sorted,
and to change from one nominal frequency to another
whes input cartridges are changed.

The frequency sorter’is a device to measure auto-
matically the frequency of oscillation of the crystal
blanks at various stages of lapping.

The frequency measurement and sorting equipment
can be divided into three units; oscillztor, frequency
measurement unit and control unit. In addition various
mechanisms will be needed to handle the blanks. The
osdillator into which the crystal is inserted must be one
that requires no tuning over at least the frequency spread
expected from crystals being lapped to the same fre-
quency. One type of oscillator that can be used is the
Pierce oscillator which contains no frequency determin-
ing elements except for the crystal blank itself. |

To obtain reliable results, 2 means must be provided
for inserting the blank so as to insure oscillation at the
correct frequency. The holder will consist of a slot into
which the crystal blank is inserted horizontally. The
blank will lie on one electrode and the other electrode
will operate from above through a small air gap.

Fcr measurement of frequency, an electronic fre-
quency counter will be used. This unit is similar to the
Berkeley Model #5570 which covers the frequency
range of interest. However, this unit will be modified
considerably to provide for automatic operation and pro-
vide signals which indicate the frequency increment of
the crystal osdillation.

Operation of the system is as follows:

The crystal is inserted into the test oscillator. The
test oscillator output is applied to the frequency counter.
The frequency counter first reduces the input signal
to below 2.26 mc. (This frequency is based on the
magnitude of the largest frequency increment.) This
is accomplished by mixing the input signal with proper
harmonics of an accurate crystal-controlled 1 mc. osdl-
Jator. The mixer output is applied to the frequency
counting circuits and it is counted for an accurately
known period of time. The number of counts divided
by this time is the frequency of the mixer output. In
addition to measuring the frequency, a signal must be
produced which allows the counter to be used as a preset
counter. This signal is generated when the number of
periods of the mixer output equals the lower frequency
limit of the test crystal multiplied by the gating interval.

The preset counter operation is such as to generate
an output pulse and reset itself after counting a pre-
determined number of periods of the input signal, The
setting of the preset counter will be the frequency in-
crement multiplied by the gating interval of the fre-
quency counter. The number of resetting pulses, there-
fore, will be measure of the frequency increment in which
the test crystal is oscillating. The counter output will

Processes 32—41

actuate the sorting mechanism so as to properly sort the
test crystal.

The control unit contains selector switches and re-
lays which permit setting up the preset nominal fre-
quencies and increment intervals. It also controls an
automatic test feature by which the entire assembly is
checked for accuracy when input carcridges are changed.

The console, or frequency measuring unit, contains
the mechanical parts which remove blanks from the in-
put cartridge, feed them through the air gap, and sort
them into the correct incremental cartridge.

3. Alternate Mathods

Other :lectronic schemes have been proposed and
discussed in System Study Report No. 1 of this con-
tract. These are based on mixing or analog methods.
The digital method described was chosen primarily be-
cause of the availability of commercial designs which
could readily be adapted to our use. However, the
method chosen probably has advantages both in accuracy
and reliabiliry.

4. Condition of Material Leaving Process

Each of the inputs exemplified in Table 32-1 will be
divided into five increments following the first and sec-
ond lapping stages. These increments will be equal in
width. The sorter input following final lap will be
maintained as one increment of 0.2f2 range. Each out-
put increment will be packaged in the same type of
cartridge as it entered.

5. Yield

The sorter wil® reject high frequency and low fre-
quency (or dead) blanks which are out of the preset
limits, and sort them into additional cartridges. These
will amount to about 49, of the input for each stage of
sorting.

PROCESS 41, CONTOURING

1. Incoming Material

Blanks for CR-18/U crystals between 4.3 and 7.5
me. will be taken from the Final Lapping Process to be
contoured. Some blanks greater than 7.5 but less than
10.0 mc. may also require this processing.

2. Contouring Process

It is well-known that Jow frequency crystals require
contouring or beveling of their edges in order to have
sufficient activity and also to prevent unwaated oscilla-
tion modes in other than the desired frequency. For
example, 8 mc. crystals lapped flat and parallel on our
parrow-track machines require a slight surface contour
in order to have high activity. Likewise, groups of
blanks we have prepared between 4.3 and 5.2 mc,, base-
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Processes 41—44

plated with aluminum and sealed in helium have oc-
casionally sbown frequency and activity dips if insuf-
ficeatly contoured.

Tire exace degree to which we must contous to
prevent thesz cfiects must be determined "o latcx experi-
ments. Io order to fix the pressac sate of ths act, we
heve surveyed a number of companies ptoducing low-
frequency AT blanks and investigated their practices.
This survey is summarized in Appendix 41-1.

It appears definite that we ioust contour to &
significant depth for frequencies below 7.5 mc. and that
some contouring may be required below 8 or 9 mc. A
slight contour may be obtained by adjusting the gear
ratio of the planetary lap, and it is suggested that this
method will be adequate for blanks above 7.5 mc
Special methods will be needed below this frequency,
one of which is the diopter or optical cup commonly
used for this purpose.

In our range of frequencics (down to 4.3 mc.)
it is not required to have a full contour. Hence the
dme of contouring will be small. Furthermore, coarser
grits can b= used in the last lapping stage since the arex
occupied by the plated electrode may be left uatouched.
Contouring may be controlled by time or by frequency
monitoring. 1f both are equally satisfactory, the former
will probably be used. Contouring times may be as
sw 2c 15 seconds per side, although the average will
probably be higher.

As of our present knowledge the following contour-
ing procedures are suitable to produce crystals according
to Mil-C-3098B.

Procedsre

cach side of blank
one minute on optical
cup #2.37

each side of blank
/> minute oo optical
cup #3.37

achieve very slight
contour by means similar
to pin-lap (approx. 15
seconds) or change of
gear ratio oo lapping
machine.

NOTE: The cxpression “optical cup” does not pecessarily ex-
clude other machine constructions. Actually 2 multiple head
machine may be used, which uses 2 flat grinding disc (and
suspended abrasive), and on which the blanks are bevelled on
the tips of vacuum-chuck equipped axes.

Frequency Abrasive

43-6.0 mc. 25 micron
Nat. Alumin, Oxide
(Scieatific Abrasives)
25 micron
Nat. Alumin. Oxide
(Scientific Abrasives)

7.5-10 mc, 8 micron
Nat. Alumin. Oxide
(Scientific Abrasives)

3. Alternate Methods

The method to be used has not been firmly estab-
lished, but it will not be equipment radically different
from that in present use. One alsernative may be a bowl-
polisher holding three blanks—these may be held ia
place by means of vacuum chucks or suction cups.
Another alternative is a flat plate against which the
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crystal is edged by being fixed to & rotating shaft held
at an angle to the plate (see Note, above). Any method
used must be capable of rapid luading of crystals.

A very attractive contouring method from the
staudpoint cf mechanization is turubling. Union Thermo-
sleczric Corp. is experimenting with tumbing of blanks
in jars and drums, and obtaining premising control of
frequency and spread. However, at this writing, not
enough is known of production methods to utilize this
process, and the ccatcuring rates at present are €x-
tremely slow.

4. Condition of Material Leaving Process

Crystals above 4.3 mc. and below 7.5 or 9.0 mc
will leave this process with 2 bevel or contour so as to
produce high activity without dips.

5. Yields

Any loss which may occur in this process has been
lumped with the lapping shrinkage.

PROCESS 44, ETCH HOLDER LOADING

1¢ Incoming Material

Blanks emerging from the Frequency Sorting
process follewing Final Lap are loaded in cartridges.
They will be stored until needed for final etching.

2. Process

To prepare for the Final Etching process the blanks
must be loaded into holders so thai the hydrofluoric
acid can attack them evenly. The blanks should be
arranged vertically in slots, each blank well scparated
frora the other, for best results in the etching bath. The
holder is made of Teflon and should contsin about 100
slots for blanks

Owing to the number of blanks to be handied, and
to the fact that they may be as thin as .003” after Final
Lap, the task of manually loading them is difficult, as is
their removal from the cartridge. Hence, a mechanized
method will be used which will require no skill on the
part of the operator. The machine will extract blanks
from the cartridges by some mechanism similar to that
used in the Frequency Sorter, and place them in the
etch holder slots.

3. Alternate Methods

No firm design has been specified for the loading
machine. It is obvious that this task should not be

ormed manually, from the standpoint of time and
blank loss.

4. Condition of Material Leaving Process
Blanks will be loaded in etch holders.
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5. Yisid Expected

Aithough hreakage will be far less than would occur
using tweszer mcthods, some luss (iess thao 1%} will
be sllowed.

PROCESS 45A, DEGREASE ETCH HOLDERS

1. Incoming Material
Final etch holders loaded with blanks,

2. Process

After loading, the blanks should be degreased to
insure that all traces of oily material that may interfere
with the action of the HF acid are removed from the
surface.

A standard trichloroethylene degreasing process has
proven adequate for this step.

3. Alternate Maethods
None applicable.

4. Condition of Material Leaving Process

Etch holder and blanks will be free from oil or
greesy material.

5. Yield Expected
No loss will be experienced.

PROCESSES 458, C, FINAL ETCHING AND BLANK
DRYING

1. Incoming Material

The lapped quartz blanks are taken from the de-
greaser 45A, still loaded in their Teflon holders, and
brought to the loading station of the Final Etching
Machine. The Teflon holders each contain 100 siots to
hold an individual blank edgewise. The blanks are
lapped to 0.55f2 or 0.50f* (=£0.12) greater thaa their
final frequency for CR-23/U and CR-18/U blanks,
respectively; finished with 8 r iicron abrasive for CR-18/U
or 4 micron for CR-23/U blanks; and are thoroughly
degreased from process 45A.

2. Final Etching Process

The purpose of the final etching process is to remove
the rough surface of the quartz (the “disturbed layer”)
resulting from the finite grain size of the abrasive used
in the final lapping process. Removal of the disturbed
layer is necessary to obtain satisfactory aging character-
istics of the final plated crystal.

A series of tests made in conjunction with this
System Study have shown that the optimum amount of
etching to achieve good activity is a fuaction of the
grain size in the last lapping process. The results of
these tests are shown in the “Special Report, Finzl Etch-
ing and Cleaning of Quartz Blanks”, issued by the

Processes 44—458, C

Bulova R & D laboratories on 11 September 1956.

In the case of the plant, final lapping is performed
with 8 and 4 micron grains, hence the amount of etching
is 0.382:0.06 and 0.21f23-.05, equivalent to 4.5 and
1.6 minutes, respectivaly, using 16% hydrofloric acid at
25°C. In the process cf ciching, the rcsouant frequency
is raised by these amounts owing to the reduction in
thickness of the blank.

In order to achieve uniform etching and maximum
smoothness, the surface of the blank must be absolutely
clean. Hence, after degreasing, the blanks are subject
to a further cleaning process with a 5%, solution of
trisodium phosphate (Na;PO,°12H.O) at 85°C for 2
minutes. This is followed by a treatment with 3% am-
monia at 25°C, in order to disintegrate the last traces of
fuosilic acid, H,SiF, which may occur on the surface
of the blanks.

The crystal blanks are agitated during these treat-
ments by oscillating their holders at the rate of 40
cycles per minute.

Two sinses in continuously Howing demineralized
water at 25°C precede the etching bath, in order to
remove the last traces of ammonia. Demineralized water
is used because the impurities of ordinary tap-water as
salts and organic components would negate the previous
cleaning procedure. The actual etching occurs in
triple tank of 169, HF, at an accurately (0.5%) con-
trolled temperature of 25°C,

The total time in the etching tank is 2djustable
berween O and 6 minutes. Agitation is continued at
40 oscillations/minute.

All traces of the etching bath must be removed, in

_order that the chemical reaction cease and no foreign

material remains to react with the plating material in the
next process. Hence, etching is followed by a second
treatment with trisodium phosphate (2 minutes at 85°C),
2 minutes in 39, ammonia solution, and three demin-
eralized water rinses at 25°, 85° and 85°C.

Water is removed from the surface of the crystal
blanks by means of a superheated steam blast for 4
minutes. This treatment is followed by radiant heating
in a separate machine for 30 minutes.

The process described above is summarized in
Table 45-1.

3. Alternate Methods

Consideration has been given to cleaning the blanks
with chromic acid prior to etching. It has been shown as
2 result of our study that chromic acid has a detrimental
effect on the activity of the blank ‘and increases the
effective series resistance, These results have been con-
firmed by the experience of Phillips Eindthoven of
Holland s described by Mr. Missel of that Company.
Hence, we eliminated the chromic acid treatment,

Many methods of etching crystal-blanks have been
used ir past and current practice, among them being
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Process 438, C

Tnble 45-1
PROCESS 45 ~FiNAL ETCH

Treatment

Loading

59, Trisodium Phosphate
39/, Ammonia
Demineralized water
Demineralized water

16149, HF (3 station tank)

(For 8 micron finish, 0.32 to 0.44f2, time immersed = 4.5 min.)

(For 4 micron finish, 0.16 to 0.26f, time jramersed = 1.6 min.)

59, Trisodium phosphate
39, Ammonia
Deminertlized Water
Demineralized Water
Demineralized Water
Superheated steam

85°+2
25°==2
25°+2
85°x2
85°+2
115°(Approx.)

(Steps 3-16 carried out in Teflon holders, containing blanks in individual slots, oscillated

at 40 cycles/mioute)
17, 18 . Unloading
—_ Drying

4
30

Dallons Etch, ammonium biflouride and various mod-
ifications of these. The superiority of hydrofluoric acid
as an etchant has been demonstrated by the excellent
coatrol of frequency-change spread we have observed
with manual control of the process variables, compared
with plant results using other materials mentioned. In
addition, the cost of HF will be considerably less than
1/5 that of competing etchants.

Lower concentrations of HF are to be preferred,
since better surface quality is achieved and longer etching
times permits better control. Figure 45B-1-1 (Appendix
45B-1) indicates the etching time required to obtain
various amounts of frequency change, with HF concea-
tration as a parameter. A constant concentration of acid
in the etching tank is desired, otherwise control or
machine design problems become difficule. A choice of
169, HF at 25°C permits us to achieve 0.44f* in 6
minutes, the meximum etch required on 8 micron finished
blanks, and slso allows us at least one minute for blanks
finished to 4 microns, hence, the specifications on timer
precision and transfer time variations ace less stringeat.

ULTRASONIC AGITATION—Preliminary experi-
ments performed under this System Study showed that
benefits were to be obtained by the use of ultrasonic

agitation during etching. As shown in Figure 45B-1-1,
quoted above, the effect of ultrasonic sgitation is to
increase the etching rate a small amount. However, no
improvement in frequency spread was noted. Increase
of the etch rate alone was insufficient to justify use of
ultrasonics, since the total time required for etching is
not a critical factor in plant operation.

DRYING—Gther methods of drying the etched
blanks have been considered. Initially a spin-dry at
250 rpm was considered. However, it wus found ex-
perimentally that superheated steam was as efficient, and
reduces the complexity of the etching machine.

Infrared is not the most efficient means of final
drying because of the shielding effect of the etch holders
and the comparative transparency of quactz to LR
Dry air would be more efficient, as would vacuum drying.
The former cannot be considered because of the danger
of blowing dust on the crystals and the consequent need
for filters and frequeat changes of filters. On the other
hand, vacuum drying, although it would undoubtedly
be faster, is expensive snd complex from the equipment
standpoint. Hence, we have chosen radiant heating
as the optimum technique for thé present time and the
results have proven very satisfactory.
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4. Condition of Material leaving Process

The blanks leave the final etching machine and
drier thoroughly cleaned and dry, prepared for the base
plating process and still in their Teflon holders, Indica-
tions both of our experience and that of the Bulova
Watch Company's Crystal Division are that blanks
etched and cleaned by the process outlined have satis-
factory aging propesties. The blanks will be etched to a
nominal increase in frequency of 0.38 #+0.06f2 for 8
micron finish and 0.21 =.05f* for 4 micron finishad
(17.0 to 54.0 mc CR-23/U) blanks. Since the lapping
spread on (sorted) incoming blanks was ==0.1f* for
both types, the statistically corubined spread is ==0.12f
(0.115 for 4 micron blanks). Summarizing, the fre-
quency and spread of the blanks are as follows:

CR-23/U CR-18/U

Frequency range 17.0-54.0 mc. 4.3-18.0 mc.
Finish lap 4 micron 8 micron
Nom. frequency increase, lapping 0.50f2 0.5503
Nom. frequency increase, etching 0.21f* 0.38f2
£2, above nominal 0.71£2 0.938
Spre=d (lapping) (3¢) *+0.1002 *0.10f2
Spread (etching®) (30) =+0.05f2 =+0.06F2
Total Spread (3¢0)
*See Section 5

*0.1158 *0.12f2

5. Yields

Since there will be no complete quality inspection of
blanks leaving the etching process, there will b2 no
shrinkage except for actual breakage, which, due to the
design of the Tefion holders, should be nominal. How-
ever, considerable accuracy is claimed for control of the
etching process (sce above), with respect to results
obtained in conventional practice. Since blanks over- or
under-etched with respect to the established limits may
not be corrected in the adjustment plating process, itis
of interest to consider whether the degree of control
claimed is justified.

Actually, s statistically valid answer cannot be given
until experience has beea obtained with the prototype
etching machine. A theoretical analysis (sce Appendix
45B) indicates that a reasonably high degree of con-
fidence can be held in the etching spreads claimed. With
the machine controlled within the design tolerances,
the following deviations can be expected from nominal
total exch.

Deviasi
Type (30)

CR-23/U blanks +0.0508

CR-18/U blanks +0.0558

Hence, better than 99.7% of all blanks should be
etched within the required spread.

~

Processes 45—46

PROCESS 46, LOAD BASE PLATE MASKS

1. Incoming Material

Etched blanks are delivered to this process after
being dried. -

2. Process

The blanks must be removed from the Teflon etch
holders and loaded into masks in preparation for the
process of base plating by evaporation of metal in vacu-
um. The base plating forms the clectrodes for the
finished crystal and also lowers the crystal resonant
frequency by mass loading. The evaporated metal is
blocked off everywhere on the blank except for holes in
the mask, which define the spot size and placement. The
spot must be placed nearly exactly in the center of the
blank, otherwise the finished crystal unit will show poor
activity. The masks can be desigaed so that the blanks
will fit only in one position relative to the hole, taking
advantage of the orientation flat.

The spot (or hole) size must also be dcfined
precisely, since the plated areas, one on each side of the
crystal, form a capaditor in parallel with the holder and
pins. Military Specification MIL-C-3098B states that the
pin to pin capacitance of the finished unit shall not
exceed 7 micro-micro farads. The capacity of an HC-6/U
wire spring holder, similar to the type we will use, is
1.5 mmf. Allowing 0.5 mmf. factor of safety, the
capacity of the plated spots must not exceed 5.0 mmf.
On the other hand, it has been established as = matter
of experieace that the larger spot sizes result in lower
effective resistance of the crystal, so that the capacity
should not be less than 4.5 mmf. for the best results.

The capacity formed by the two plated electrodes
and the quartz dielectric is expressed by the formula:

C=c¢e —&- 1)
where C is the capacitance

A is the area of the plated electrode

d is the thickness of quartz dielectric

. is the dielectric constant of quartz in the direc-
tion of the applied voltage.

The value of ¢ depends on the direction relative to
the optic axis and as given in the literature, varies some-
what with the source, but 5.06 has been found to pro-
duce satisfactory results with AT cut crystals.  This
yields the standard formula

C = 0402 —-:—- mmf, (2)
where d and A are in cm. and (cm)*®.

The thickness of the crystals varies according to the form-

4 =.§}_6_ o)
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CR-I18/U & CR-23/U
FREQUENCY AND THICKNESS

Figure 46-1.

FREQUENCY, MC.
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Figure 46-2.
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Processes 46—47

ula where f is the fundamental frequency in kilocycles
and d is in inches. This relationship is plotted in Figure
46-1 for the range of interest (4.3 to 18 mc.). For the
same range, the electrode (spot) size is plotted with C
as a paramecter, using formula (2) above and converting
to inches diameter. These results are shown in Figure
46-2, The spot sizes of interest are those diameters
which cover the range of fundamental frequencies
between 4.3 and 18.0 mc. and do not fall outside the
values C = 4.5 to C = 5.0 mmf. It car be seen that
this range is covered by 14 spot diameters, varying from
144" to .291” approximately.

Thus the entire range of crystal frequencies between
4.3 fundamental and 54.0 third harmonic can be covered
by 14 spot diameters without exceeding the capacity
limits. However the masks must be made also in two
sizes, to fit 0.375” or 0.490” diameter blanks. All
fundamental frequencies less than 8.33 mc. are to be
made from 0.490” blanks, and all above 9.0 mc. will’
utilize the 0.375” size. Between 8.33 and 9.0 mc. there
may be provided one mask for 0.375” blanks (CR-23/U)
and one for 0.490” blanks, each, however having the
same spot size (approximately 0.215”). It is possible,
therefore to meet the requirements of the Plant with
fifteen mask types, and it may be possible to produce
good crystals with fewer types.

The masks. once loaded with blanks, are fitted
into holders which can be inserted into the base plating
machine, and which hold the masks at 2 precomputed
distance from the source of metal vapor. The distance
determines the amount of plating sirce the thickness
of the evaporated film varies inversely with the square
of the distance from the source, CR-23/U and CR-18/U
units will require differeat amounts of plating, equal
to 0.55f2 in the first case and 0.7f? in the second. Thus,
the masks must be placed in holders appropriate to the
crystal type being manufactured. (The holders, it will
be noted, are mechanically designed to permit mask
rotation in the vacuum chamber.) The fact that it is
necessary to orient the blanks in the masks makes it
difficult to perform the mask loading rapidly without
some mechanized aid. The exact degree of mechaniza-
don which will be optimum has not been completely
determined. For example, the operator may transfer
the blanks from the etch holders to the masks and have
the blanks oriented raechanically before the masks are
completely assembled. Or, it may prove feasible to have
the entire operation performed mechanically. The mask
loading aids or machine must be coordinated with the
design of the mask proper, and this in turn is determined
by the utilization of the mask in subsequent processes.
It is desirable, for example, to have the blanks remain in
the mask through base plating, pre-aging, and into
mechanized unloading in the mounting and cement-
ing machine (Station P). The high temperature of
pre-aging (425°C) and the requirement of mechanized
unloading will cause some restriction in design, but
it appears mow that at least some mechanical aid in
loading will be possible.
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The requirements of the overall production goal
require that the blanks be loaded into masks at the rate
of 30 per minute (approximately) and it appears
feasible that this can be done by one operator with
proper mechanization,

In any method of loading, the mask type must be
coordinated with the crystal frequency as specified
by the order. If completely mechanized loading is used,
the operator must still select the type of mask, perhaps
by stacking the type called for by the job ticket in a
magazine, or by selecting the proper chute of a multiple
magazine to feed into the machine,

The masks, when lozded, must be inserted in the
proper holder as called for by the crystal type. This
would be a manual operation. Either 40 or 50 blanks
will be mounted in one holder, depending on the blank
diameter.

3. Alternate Methods

Manual loading of blanks into masks would be so
slow as to require several operators, since there is not
only the problem of orientation but also the fragility
of the blanks, and the need to keep them clean,

4. Condition of Material Leaving Process

The blanks are transferred to a preheating stage
assembled in masks, which in turn are assembled to
holders. Each holder totals 40 or 50 bianks.

5. Yield Expected

A small loss of the higher frequency blanks (.003”
thick) may be expected due to handling. This will
amount to less than 1%,.

PROCESS 47, PREHEATING AND BASE PLATING

1. Incoming Material

The crystal blanks are delivered to this process
after being loaded into the base plating masks and
mas'’: holders Prior to plate-back in the base plater the
blanks have the following characteristics (from Final
Etch):

CR-18/U: Frequency=Nominal +0.93f2 =0.12
CR-23/U: Frequency=Nominal +0.71f* =0.115f*

2. Base Plating Process

There are several reasons for base plating, among
them being the need to provide metal electrodes on
either side of the crystal so that it can be electrically
excited. Base plating also serves in part to bring down
the resonant frequency of the crystal so that it can be
exactly adjusted to the desired nominal by meaas of
the final or frequency adjustment plating. Finally, the
base plating material forms a film which adheres
strongly to the smooth quartz surface aand serves as
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an intermediate layer to which the final plating material
will bond.

The desirable qualities of the base plating matesial
are (1) a firm bond to quartz, (2) low ohmic resistance
(a metal), (3) low densicy, so that the loading effect
(primarily that of mass) is nct too extreme and can
therefore be readily controlled. The material must
furthermore not have any undesirzble physical or chemi-
cal characteristics which will cause excessive frequency
drift or failure of the crystal oo aging.

The plating process must be one which will apply
the material at a high rate and distribute it evenly
over the surface of all blanks treated st one time. The
area to which the base plate is applied should be such
that the specified capacitance is not exceeded. Further-
more, material and plating method must combine so
as not to cause the allowable maximum effective resis-
tance to be exceeded.

A comprehensive survey of basc plating materials
was reported in System Study Report No. 1 (3 January
1955), in which it was concluded that aluminum would
make a desirable choice because of its lightness and
physiro-chemical properties. This choice has been amply
confirmed in subsequent experiments. Hence, we have
chosen aluminum in this process. Of the several means
available of depositing aluminum on quartz, the method
which has proven best is evaporation in a vacuum
chamber. Furthermore, apparatus has been designed
and tested to perform the operation automatically, so
that the requirement of operator skill is reduced to
a minimum,

Prior to base plating, the blanks must be thoroughly
dried, so that traces of water vapor will not interfere
with the evaporation process. This is accomplished by
preheating the loaded masks and holders at 120°C,
and leaving them at this temperature for at least one
hour. It is envisioned that a mechanized conveyor
will transfer the holders to the base platers, and this
conveyor may include a heated section so that the blanks
are dried during transfer, and delivered to a heated
storage section near each base plater.

The holder will be removed from this storage
heater when required and inserted into the base plater
above the induction coil. Prior to this, 2 small tantalum
crucible is inserted into the work coil. The openings
in the masks (which have been selected in the prior
process) are of such diameter as to maintain the capad-
tance of the final crystal within the desired allowance.
The distance of the masks from the crucible is deter-
mined by the design of the mask holder inserted in
the plater. CR-23/U blanks are to receive an amount
of plating corresponding to 2 frequency reduction of
0.55f2 while CR-18/U blanks receive 0.70f2. These
amounts have been shown to result in good activity and
resistance of the final units (see Table 47-1 and
Figures 47-1 to 47-4). Since the rate of plating in the
evaporation process is inversely proportional to the

Process 47

square of the distance, preset adjustment of the height
of the two types of mask permits the plating time to
remain & constant,

Operating procedure for the base plater is as
follows: -

The operator will lift the countecbalanced chamber
which raises sufficiently high to permit easy unloading
and loading of crystal mask fixture and crucible. The
operator removes the previously plated mask fixture
and drops a new mask fixture in place with onc simple
motion,  Angular aLgnment and centering with re-
spect to the crucible is accomplished by aligning pins.

The old crucible is removed and a2 new crucible
inscrted in the load coil with a suitable tool. The oper-
ator lowers and seats the chamber, presses a start hutton
and from this point the process is automatic. The
vacuum system is then automatically valved into the
roughing cycle and brought down to 200 micron
pressure by a Kinney KC-15 pump. During the rough-
ing cycle, 2 2§ composition aluminum ball is fed into
the hemispherically shaped tantalum crucible located
within the induction load coil. At 200 microns, &
thermocouple gauge relay switch sequences the vacuum
solenoid valves into the fine pressure cycle (a2 C.V.C.
MC-300F Diffusion pump backed up by the Kinney
KC-15 pump). When the system pressure is brought
down to 0.3 microns, the induction load coil is energized.
This is accomplished through appropriate circuitry be-
tween the cold cathode discharge geuge and tie cycle
timer which sequences the Lepel induction generator
through the melt and evaporation stages of plating.

After the plating has been completed on the first
side of the crystal, the load coil is deenergized and the
ball loading mechanism drops a new charge into the
crucible.  'With the same motion, the crystal masks are
rotated 180°, The load -coil is then energized and the
second side is plated. At the end of 2 15 sec. crucble
cooling period, the vacuum system is sequenced to the
starting or unloading position. A bright light will
indicate to the operator that the cycle is complete and
the machine is ready for unload/load.

The base plating cycle has been determined to re-
quire 4.5 minutes, as follows:

Operasion Time
Unload and load masks 15 sec.
Change crucible 10 sec.
Pump down to 0.3 micron 80 sec.
Plate one side 75 sec:
Plate second side 75 sec.
Cool crucible 15 sec.

270 sec. —4.5 min.

3. Alternate Methods

Other materials that bave been used in the produc-
tion of CR-23/U crystals or suggested for use are:

47
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5.0
5.1
. 7.5
i 9.2
15.0
15.0
15.0
15.0

47

, Nominal
S Frequency
mc/s

Nomindd
Freguency

mc/s

62

8.775
10.0
12,0
15.0

17.0
25.0
30.0
44.5
50.0

(1) blanks are edge-contoured

BASE PLATING RESULTS WITH BULOVA HIGH FREQUENCY INDUCTION PLATER,

Diam.
Blank

4907
4907
490"
490"
4907
3757
3757
3757
3757

TANTALUM CRUCIBLE AND ALUMINUM PLATING MATERIAL

Surface
Finish,
microns

RESULTS WITH RCA 'PLA'I’ER, TANTALUM CRUCIBLE AND

Diam.
Blank

4907

3757
375"
3757
3757

4907
3757
3757
3757
3757

Distance

Mask:

Crucible

ALUMINUM PLATING MATERIAL

‘U
ar
4"
4'
4”
4”
o
4"
am

Table 47-1

Plating
timse,
one side
90 sec.
90 sec.
90 sec.
90 sec.
90 sec.
90 sec,
90 sec,
90 sec.
90 sec.

mg,
Alum,
Evap,

78
78
78
78

a2

Amount
Plateback,

fl
0.74
0.70
0.70
0.62
0.70
0.67
0.46
0.68
0.52

Surface Amoxunt
Finish, Plateback,
microms r
—CR-18/U—
8(1) 0.71
8 0.52
8 0.66
8 0.64
8 0.50
s 0.42
—LCR-23/U—
4 0.51
4 0.55
4 0.47
4 052
4 0.65

14
36.7

- 125

10.4
7.6
10.9
13.7
13.6
10.8

17

13

7.9

17
16.7

By Y

Effective Resistance, obms
Measured Max, Allow.
Mil. Spec.

120
75
75
33
33
25
25
25
23

Effective Resistance, obms
Measured Max., Allow.
Mil, Spec.

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

———.




Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP8-01043R002200150005-2

gold (evaporation)

gold (sputtering)

silver (evaporation)

silver (chemical deposition)
copper ’

As mentioned in.the sbove reference, gold is so
heavy as to make the film thickness very critical for
high frequencies, also it has poor adhesion to polished
quartz. Silver is better on both counts but not the
equal of 2luminum since aluminum forms a chemical
bond with quartz. Bcth gold and silver are expensive
and tend to recrystallize and show large frequency and
activity changes on aging. A further advantage of
aluminum noted is the even distribution of plating over
the crystal as compared to gold. Copper has excellent
adhesive properties, but its aging characteristics are
doubtful,

Of the plating methods used and proposed, evapora-
tion is common and the most applicable for aluminum.
Sputtering is possible with gold and offers possibility of
close control (particularly for final plating) but it is
difficult with aluminum because of the oxide layer. Aan
additional difficulty with sputtering at high rates is the
heat developed, which, while it insures a clean surface,
may cause quartz modification and twinning above
570°C.

Electrolytic deposition, although it has been used
for final plating, is not possible for base plating since
a metallic layer must already exist. In common with
chemical deposidion it has the disadvantage of requiring
treatment with chemicals which may cause serious aging
effects unless completely removed.

With the evaporation method, several variations are
possible. We have chosen induction heating, but re-
sistance heating is possible. However, this requires
a larger, more complex crucible which costs from 10
to 20 times as much as one which can be designed for
induction heating. Also, the problem of clamping
a resistance-heating crucible into electrodes would com-
plicate the operator task or the mechanism. Since the
crucible life is limited (one cycle in our process), this
is a serious consideration in high production, Instead
of tantalum crucbles, tungsten and molybdenum have
both been tried since the melting point of each (4000°C)
is suffidently high. Molybdenum has proven to bave
insufficient chemical resistance to molten aluminum.
Tungsten, on the other hand, has not been obtainable
except in sintered form. Sintered crucibles tested have
proven too porous, and hence easily attacked by the
alumioum,

4. Condition of Material Leaving Process

The error expected in base plating is =+0.102 (3
sigma), which will combine with the Final Etch fre-
quency error to yield the following:

CR-18/U: Frequency=Nominal+ 0.23f2 =+0.16f
CR-23/U: Frequency=Nominal+ 0.16f2 -0.155f*

Processes 47—48

5. Yield Expected

No significant loss of blanks is to be expected in
this stage,

PROCESS 48, PRE-AGING

1. Incoming Material

Unmounted crystals arz conveyed to this process
in the masks used for base plating.

2. Pre-Aging Process

Quartz crystals manufactured by any process are
subject to drifts in frequency and changes in activity
or resistance with age. These effects are mainly due
to the following reasons:

Properties of thin metal layers, which were
deposited at temperatures below the recrystalliza-
tion temperature of the metal;

Properties of the quartz itself, which occurs in
various crystallographic modifications;

More or less unknown factors, connected with
chemical impurities adsorbed on the surface of
the plated units.

The aging effect is greatly accelerated with tem-
perature, and the crystal reaches a state of comparative
stability after a time. The purpose of pre-aging is to
accelerate aging which would occur normally, by heating
the crystals prior to the final plating adjustment. In
this way the crystal will stabilize and a greater yield
of satisfactory crystals will be obtained, since any
frequency drifts can be adjusted in final plating.

Richard B. Belser (Georgia Institute of Tech-
nology, Atlanta, Ga.) and E. M. Washburn (Radio
Corporation of America, Camden, N. J.) have prepared
extended aging studies under contracts with the Signal
Corps.

In tests with approximately 19 different plating
metals, these studics have demonstrated that units with
low aging rates can be obtained by beating quartz plates
with electrodes to temperatures which are at least 200°C
higher than the plating temperature of the electrode
metal. The temperature which is considered to secure
a suffident pre-aging range is between 400—600°C.
In these tests, the finished crystals were sealed in
helium instead of air.

Since it is known that the Curie-point of quartx
(coaversion of 8 quartz into « quartz) is 575°C and
that application of too high temperatures in pre-aging
may yield changes of the crystallographic structure of
the quartz or destruction of the metal electrodes by
undesired aggregation (as shown by R. Belser), 425°C
has been selected as & safe pre-aging temperature. A
period of 14 to 15 hour seems to be sufficient to obtain
stable units. .
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Processes 48—49

Mechanized transfer to the Mounting and Cement-
ing machine (Process 49) is eavisioned, since it appears
most convenicat to convey the masks through a tunnel
oven. In this way, variations in heating cycle can be
obtained by adjustment of conveyor speed and tem-
perature along the oven.

3. Alternate Methods

Other combinations of time and temperature are
possible as shown in the investigations cited above, The
optimum combination, therefore, will be determined
for the particular oven which we shall use, when the
final design is established,

4. Condition of Material Leaving Process

Having been aged, the crystals will be compar-
atively stable in frequency and will have shifted slightly
from the values specified in Process 47.

5. Yield Expected
No loss is expected during pre-aging.

PROCESS 49A, CLEAN BASES

1. Incoming Material

Bases of the HC-6/U type will be purchased or
fabricated for the plant, and will be delivered from
the stock room.

2. Process

Bases must be inspected for leakage on a contin-
uous or sampled basis, and cleaned for subsequent
processing. The bases will be identical to the standard
HC-6/U type except that they will have stiff mounts
rather than the wire type.

Inspection will be part of the quality control pro-
cedure and therefore not considered in this report.

The purpose of cleaning the bases will be to re-
move traces of oil or dirt which may interfere with
the subsequent vacuum processing (frequency plating)
or soldering (in the sealing stage) or contaminate the
crystal. A standard degreasing treatment, such as
trichloroethylene, should be adequate. The base pre-
paration procedure will then be as follows. Bases (in-
spected by lot samples) will be delivered from storage
and assembled to small ceramic blocks, fitted with
clectrical contacts from the base pins to points on the
outside of the block. (These blocks will be used to
support and Iocate the bases during insertion, and will
be used also in final plating and base sealing.) The
assembly will be manually performed, with some me-
chanical aids, such as automatic feeding of blocks into
a jig. The bases and contact blocks will be degreased
by passing through trichloroethylene. This will serve
oot only to clean the bases, but to remove traces of flux
from the blocks which have been redrculated from the

50

subsequent sealing operation, and may adhere to them
and cause difficulty in final plating.

The blocks and bases will be taken out of the
degreaser and fed directly into the insertion machine.

3. Alternate Methods

Other possible methods include cleaning of bases
at the source and packaging in strip form for easier
mechanization. This possibility is outside the scope
of this report, however, since it involves the problems
of procurement and perhaps development by the vendor.

4. Condition of Material Leaving Process

Clean bases will be conveyed to the insertion
machine assembled to individual ceramic blocks,

5. Yield
(Not applicable)

PROCESS 49B, MOUNTING AND
CEMENTING BLANKS

1. Incoming Material

The crystal blanks coming from the Base Plating
process have been plated with aluminum electrodes on
both sides, and have been pre-aged at high temperature
in order to decrease subsequent frequency drife. The
aluminum electrodes are circular with one rectangular
tab extending radially, parallel to the orientation flat,
on cither face of the blank. The two tabs, which make
continuous electrical contact with the electrodes, are
on opposite ends of a diameter of the blank, The
blanks will still be loaded in the base plating masks.

2. Process

The masks will emerge from the aging oven and
feed directly into 2 mechanism which will extract the
blanks. The blanks are oriented in the mask, and they
will drop one by one, sdll retaining their orientation,
into a mechanism which will push them into a waiting
base. The angular error of mouating with respect to the
X-axis of the blank should not substantially exceed 5°
(owing to possible damping). The flat error may be
=30’, hence the target mounting tolerance should be on
the order of +=4.5°. The base, held in its ceramic block,
will meanwhile have been moved under the blank chute
and the contract fingers of the stiff mount spread apart
to receive the blank,

The coantact points of the mount will then be
allowed to spring back, and since the blank has been
dropped iato the mount with the correct orientation,
the fingers will make electrical contact with the tabs
of the plated aluminum electrodes. The ceramic block
bolding the base and blank will then be moved to
another station. At this point cement will be applied.
This could be accomplished by two small injector tubes

& 4y Sk o £ i’ B B T b i,
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that press against the mount contacts where they touch
the aluminum tabs, The contacts would be drilled at
these points. A small drop of electrically conducting
cement would be injected into the holes in the contacts.

The cement used will be an epoxy-silver compound
similar to DuPont formulation #5605 or #5604.

The mounted and cemented crystals will be ejected
from the machine at this point end go on to the next
process, which is to dry ¢nd cure the cement.

3. Alternate Methods

Current methods, using bench jigs and wire spring
mounts seldom exceed a rate of 1200 per day per
operator. Even these rates require skilled operators,
particularly for thin crystals. The development of the
stiff mount has opened the possibility of mechanization,
which is clearly justiied. The mount design may well
improve crystai performance as a by-product, owing to
the lesser strain on the crystal blank.

A choice exists between two available kinds of con-
ducting cement used to iosure reliable electrical con-
neciion between base plate coating and mount electrodes.
Epoxy-silver is superior from the standpoint of thermal,
mechanical and chemical stability, but requires a longer
drying and curing time thar the more common silver-
Bakelite. The advantages in performance appear to be
worth the additional difficulty.

Other methods of connection, such as soldering
and spot-welding, have not proven practical so- far.

4. Condition of Material Leaving Process

Crystals are assembled in the base mounts and have
a spot of cement at each electrode contact.

5. Expected Yield

A nominal loss of about 1%, may be expected in
handling crystals in and out of the masks.

PROCESS 50, AIR DRY AND CURE CEMENT

1. Incoming Material

Crystals assembled to bases and with epoxy-silver
cement applied to the electrode contacts, enter this
process. The bases are inserted in the ceramic blocks
previously described.

2. Process

The epoxy cement must be cured for 5 hours at
150°C. Before entering the curing oven it must be air-
dried for 1/; hour to prevent the cement from swelling.

Ceramic blocks holding the mounted crystals will
emerge from the mounting machine aad be ejected
onto a conveyor track. The length of this track can
be made sufficiently long to result in the required air-

drying time.

Processes 4931

At the end of the air-drying time, the cement will
be rigid enough so that the blocks may be handled and
placed into racks that will hold ten blocks each. These
racks will be used as part of the mechanization of the
next process (Adjustment Plating). The operation
may be semi-automatic; that is, the blocks may be pushed
into the racks by action of the conveying mechanism
and the racks removed manually when filled, or the
entire operation may be manual. Io either event, the
racks will be assembled in easily-handled groups and
loaded into a curing oven held at 150°C and left there
for five hours, One method of timing various batches
would be to have separate compartments in the oven,
each with an individual timer and 2 sigoaling arrange-
ment, so that the operator will be notified when each
batch has completed its cure,

3. Alternate Methods

Although 2 completely conveyorized cure would
result in some labor saving {e.g., transfer to the batch
oven), the requirement of five hours curing time meaas
that a substantial amount of a day’s production must
be kept moving through the oven. This may be expea-
sive to mechanize. In addition, the demands of the
nuxt process (Adjustmeat Plating) are variable owing
to the variation in adjustment between batches of
crystals, It is better to combine the take-up storage
with the oven than to have 2 continuous output from
the oven z2nd a comparatively long dwelling time where
the crystals will cool and pick up moisture or con-
tamination.

4. Condition of Material Leaving Process

On leaving the curing oven, the epoxy cement will
be completely polymerized, and the crystals as well
as the holder blocks will be free from moisture. The

blocks are assembled in slotted racks ready for final
pladiog.

5. Expected Yield

No loss of blanks is expected to occur in this pro-
cess owing to the method of handling.

PROCESS 51, ADJUSTMENT PLATE
1. Incoming Material

Mounted and cemented crystals are removed from
the curing oven of the previous process in & clean,

dry state.

As a result of base plating, the crystals have the
following specifications with respect to the nominal
frequency.

‘ Table 51-1
Type Frequemcy Ramge (3 Sigma) Reguired

Adinstment

CR-18/U  Nominal 40.23f2 +0,16f2 0.07-0.39f3
CR-23/U Nominal 4-0.16f2 *0.155f2 0.005-0.315f2
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Process 51

2. Process

In the final plating proceduze the crystals are to be
adjusted to their desired frequency as specified in the
individual job orders. Since the crystals-have a con-
siderable variation, the adjustment must be made on
an individual basis. The accuracy of the adjustment
must be suffident so that the final crystal will meet the
tolerance specifications of the heat run (—55°C to
+490°C), which is £0.005%, of the nominal (job order)
frequency. Some frequency shift occurs during sealing
and in aging, apart from the excursion which results
from a non-zero temperature coefficient. Hence at
this stage, before sealing, the nominal must be ap-
proached with considerable precision. We have set a
tolerance of ==0.001), of nominal, which corresponds
to deviations of =0.043 kc. (fundamental) to =0.540 kc.
(third harmonic) or from =.0023f2 to =.0006f* be-
tween the nominal frequendes ranges of 4.3 to 18 mc.
fundamental or 17 mc. to 54 mc. third harmonic.

Thus two of the important requirements of the
adjustment plating process are (1) accuracy and (2)
speed. In addition, the process must not contaminatc
the crystal surface with any material which will affect
its activity on aging, the added material must adhere
strongly to the aluminum base plate, and it should
ideally be evenly distributed over the base coat surface
50 a5 to minimize undesirable loading efiects (damping,
unwanted modes or decrease in activity).

These requirements have been met to a high degree
by the method of evaporation of gold in a high vacuum
(1 micron or less). As a result of these studies we have
developed apparatus which will evaporate gold from a
hot filament while the crystal is in oscillation. Both
the rate of evaporation (e.g., the filament temperature)
and the amount of gold reaching the crystal are con-
trolled by the difference between the measured frequency
of the crystal and a reference standard. The filament
temperature is controlled by’ a frequency-sensitive mag-
netic amplifier circuit reading from the difference fre-
quency. In addition a shutter is caused to oscillate
between the crystal and filament, intzrceptiog the evap-
orated gold molecules when the difference frequency
drops below a predetermined value. As the difference is
decreased, the shutter cycle is altered so that the crystal
is exposed less to the gold. When the frequency dif-
ference reaches zero, a separate circuit stops the shutter
osdllation completely and shuts off the filament.

The above apparatus, after some experimentation,
has been refined to 2 point where the required accuracy
is met. One difficulty has been the unavoidable heat-
ing of the crystal due to radiation from the filament.
This causes the crystal to oscillate zt a different value
from that which it would have at room temperature, and
so causes a drift after shut-off. The combination of
shutter duty cycle variation and filament temperature
reduction has reduced this error to that of the specifica-
tion. The speed of plating has been Jowered to some

extent, but it appears probable that the plating can be
accomplished in 20 seconds in the final machine.

The other factor which determines speed is the
time to pull down an adequate vacuum. Vacuum
plating with gold can be accomplished with pressures
as high as 100 microns, which is equa! to the vapor
pressure of gold at about 1450°-1500°C. With lower
pressures the evaporation temperature is reduced, but
more important, the gold films obtained at higher
pressures tend to peel. With pressures on the order
of 0.1 to 0.2 microns, good adhereat gold films have
been achieved.

A rough vacuum can be readily achieved by a mech-
anical pump of moderate size, for example the Hypervac
20 at 422 rpm bas a pumping speed of about 3 liters
per sccond at 100 microns, but the speed drops off to
less than one half at about 0.5 microns. A Kinney
pump is even faster; their type CVMS556 being rated
at 5.4 liters/sec. above 100 microns. With pressure
differendals less than a few hundred microns, diffusion
pumps become enormously effident. In our system,
we will use the above-mentioned Kinaney pump down
to 100 microns and then valve in a diffusion pump
baving a rated speed of 375 liters/sec. from 100 to 1
microns and practically the samc speed down to 0.1
micron.

If the final pressure for a pumping system is sub-
standally above the so-called limiting pressure (about
10- microns for an oil diffusion pump) the pumping
time can be expressed as .

V- P
t, —t; = — 10—

S Py

where V is the volume of the system in liters, S the pump-
ing speed in liters/sec,, P, the initial pressure and P, the
final pressure. If V is about 1 liter, P; equals 760 mm.
(one atmosphere), P2, the cut-in pressure for the diffu-
sion pump, 0.1 mm, and 8, the rough pumping speed,
5.4 liters/sec., then the rough pumping time is:

1
(tz — ;) moups = — 10 7600 = 1.2 sec.

The fine pumping time, from 100 to 0.1 microns with
S = 375 liters/sec, is:

1
((2—t‘)rl-=—lﬂlom=°.°2“.
375

Therefore, neglecting leakage, out-gassing and con-
ductance of the pump connections, the total pumping
time in theory should be less than 2 seconds. Practically,
the pumping time should be less than 10 seconds for &
tight system. The time to transfer crystals in the ma-
chine, including raising and lowering of the bell-jar,
should be very small, on the order of 2 seconds. Hence
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the entire operation of adjustment plating may not take
more than 30 seconds.

In plating from one side only as called for by this
process, it is desirable from the standpoint of crystal
loading to make the size of the gold spot nearly equal
to that of the base electrode. Hence a separate size
mask is required for each frequency range; as many sizes
as are required by the base plate. It will also be neces-
sary to alter the serting of the electronic shut-off circuit
cach time a machine is changed to a different frequency
order.

3. Alternate Method

A previous survey of manufacturers wbo have pro-
duced CR-23,/U crystal units in quantity has revealed
that silver and nickel electroplating is the most common
method of reaching final frequency. Other methods
of plating are cathode sputtering and “burning on”
or firing of colloidal metal. Other possibilities are
deposition from solutions of gases (e.g., carbonyl com-
pounds) and torch deposition.

The electroplating method is objectionable in large
scale production because the crystal frequency caanot
be measured in tks plating bath, therefore the crystal
must be removed, rinsed, dried and measured several
times to achieve the desired accuracy. Estimates of cycle
time run berween 5 and 10 minutes for this process, be-
sides requiring skill oa the part of the operator. Also
the strong chemical treatment may well cause undesirable
aging effects.

Chemical reduction from solutions of metal com-
pounds is open to the same objections and seems to offer
no advantage. Reduction from gases has been ruled
out owing to the poor adherence expected of the fine
powdess deposited and the toxic nature of carbonyl
compounds. The Schoop or torch process appears more
likely to be successful, but insufficient data has been ob-
tained to justify experiments along this line.

“Burning on” is a common means of produdng
optical mirrors. Its major fault in this instance is the
fact that the metallic salt to be applied and reduced is
suspended in an oily solution, which may easily con-
taminate the crystal surface. The film after burning
must be compacted by heating and rubbing, thus re-
quiring another operation. Finally, it is doubtful that
frequency control could be applied to this process.

In contrast to the above, cathode sputtering shows
much promise as a plating means, and bas advantages
(such as control of the areas of metal application) over
evaporation. Two difficulties have prevented its use
kere. First, the process is slow, even with gold which
is one of the most rapidly sputtered of all metals. Optical
practice in sputtering ( gold or silver in 1. to .01 mm. N,
A or air using 1-20,000 volts) requires as much as
1 hour to achieve an opaque coat. Conventional quartz
crystal practice (gold, 2000 volts, 0.1 mm.,) requires 35

Processes 51—52

to 40 minutes, the rate being approximately .01 microas
per minute and a total of .25 microns (approximately
.15£2) being plated. It has been found possible to speed
this cycle considerably, using small chambers and im-
proved electrode design. However we have not been
able to reduce the time for plating below 1 minute for a
significant correction. Hence the evaporation method has
better than a 2 to 1 advantage in plating time alone. In
addition to this fault, sputtering causes a considerable
amount of heating of the crystal, which heating shifts its
frequency and tends to make automatic shut-off inac-
curate. The heating effect is greater than that of eva-
poration, which latter we have been at considerable pains
to minimize.

4. Condition of Material Leaving Process

Both types of crystals (CR-18/U and CR-23/U)
will leave this process with their frequency adjusted to
within == .0019 of the nominal value called for on the
job ticket, and with an adjustment (gold spot) on one
side, of a thickness equivalent to between .005f* and
.39f2 per Table 51-1.

5. Expected Yield

If adjustment plating and the processes leading up
to it are in control, there should be no significant number
of crystals which require a negative adjustment; that is,
none that are already below the nominal frequency. A
small number, less than 1/4%, will require less than
0.005f2 adjustment, and an equal amount will require
more than 0.39f2; these latter crystals will only require
slightly more time to plate arnd will not be lost.

A small number, about 19, are expected to be lost
in handling.

PROCESS 52, ASSEMBLE CANS TO
BASES & SOLDER PREFORMS

1. Incoming Material

Clean cans are received from the hydrogen firing
process (No. 49A). Crystals cemented to bases, adjusted
to final frequency, and plugged into ceramic blocks
which are asserubled in racks, eater from Process 51.

2. Process

Cans are to be sealed to bases by means of s subse-
quent soldering process. At this stage they must be as-
sembled to solder preforms and fluxed so that the actual
sealing process may be mechanized.

Present methods (e.g., those developed by UTC)
call for a preform of 63-37 tin-lead alloy to be fitted
around the can after being dipped in flux and dried (the
can being assembled to the base), additional flux to be
added and the assembly clamped in preparation for
soldering. The solder is purchased in ritbon form

" and is preformed by special tools.
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Processes 5253

This is normally & manual operation requiring skil!
and care, and would be uasuitable for the specified pro-
duction rates unless mechanized.

At present, it appears that the steps of assembling
cans to bases, preforming solder, and fluxing, could be
accomplished more easily in one step than in attempting
to separate preforming and fluxing on the one hand and
assembly to bases on the other. The major danger in
this operation: is that flux will enter the cans and cause

poor aging characteristics after sealing. Unfortunately

the flux appears to be required to form a good seal. We
have experimented with ultrasonic soldering in an at-
tempt to eliminate flux but without complete success.

On the positive side, the bases received from the
final plating operation are already assembled in racks
and are in 2 form convenient for mechanized assembly
to the cans.

It is therefore envisioned that the entire series of op-
erations will be mechanized with exception of can load-
ing, and if a suitable handling mechanism is available
for the can stamping press it may be possible to mech-
anize this step also. Lacking this refinement, the op-
eration would be somewhat as follows.

An operator will select cans with the required fre-
quency stamping from trays of annealed pieces and feed

them to the machine. Racks of mounted crystals will
also be fed to the machine either by an operator or from
a conveyor. The cans will be engirdled by solder pre-
forms which will be fabricated in the machine from a
solder spool, and then placed on top of the bases. The
cans will be held in place whiie liquid flux is applied
and dried, during which time a spring-loaded clamping
bar will be inserted on top of all cans in a rack. The
clamped assembly would then be ejected from the ma-
chine.

3. Alternate Methods

There ate many variations of this concept which are
possible, but some similar scheme must be implemented
if metal cans and holders are to be used. Glass holders
would, of course, present an entirely different set of
problems.

One point which might be raised is the automatic
assembly of the clamping bars. This operation might be
performed manually after the racks are cjected, but it is
feared that the cans would move out of place on the bases
after fluxing, making it difficult to assemble the clamps
properly, and presenting a danger of flux entering the
can. Also the cans might be assembled to the solder
preforms automatically and placed on the crystal bases,
either manually or in the same machine, the clamps
manually put on, and the clamped assembly sent through
a2 second machine which will apply flux. In view of the
additional labor required, this scheme will not be tried
unless it resuits in considersble simplification of the
mechanisms.

54

Placing the unsoldered cans directly on the bases
by hand before feeding the racks to the solder-forming
machine would seem at first to offer some simplification,
but on further investigation it is seen that it is difficult
to place the soldsr zing on the can without danger of
malalignment, so that no substantial saving in com-
plexity results.

4, Condition of Material Leaving Process

The assemblies leaving this process will consist of
the crystals mounted in ceramic blocks, assembled in
racks, and clamped to the HC-6/U cans complete with
solder preforms and flux.

5. Yield

Owing to the clearance between can and crystal, no
loss through breakage of the blank is anticipated.

PROCESS 53, BASE SEALING

1. Incoming Materlal

Can and base assemblies (HC-6/U) are obtained
from Process 52 complete with solder preform in place
and fluxed, the unsealed crystal units being joined to-
gether in racks, while the cans are held against the bases
by means of a spring-loaded clamping bar. The spring
exerts a force of approximately one pound against the
cans.

2. Sealing Process

Sealing of the crystal units is an important step in
assuring good aging qualities. A hermetic seal free from
the smallest leaks must be obtained after a controlled
atmosphere of dry gas is introduced. The sealed unit
must be capable of passing military tests (e.g., hot water
immersion).

In contrast to methods previously used with HC-
6/U mounts, the process to be described is largely auto-
matic. ‘The incoming assemblies are prepared in all
respects for sealing and need only be flushed with the
proper gases and heated.

The sealing process which will be used is ‘accom-
plished without a pin-hole in the can, thus eliminating
several operations.

In order to permit a larger quantity of crystals to be
more readily hacdled, the racks of units will first be ar-
ranged in special trays which will hold 400 crystals in
the sealing machine. The latter consists of a large
chamber which can be evacuated and flushed with dry
gas, and in addition, is equipped with an induction heat-
ing coil and mechanisms for feeding the units through
the coil.

When the crystals are in place in the machine, it
will be pumped down to 10 microns, at which point a
valve will open to admit dry helium or nitrogan and the
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vacuum valve closed. When gas pressute equals at-
mospheric, the unit will again be pumped down to 10
microns and gas re-admitted untl the pressure reaches
6 psig. An R.F. generator will then energize the work
coil inside the machine and the handling mechanism
will push the crystal carriers through the induction
heater. The units, filied with gas, pass through the
work coil. The fluxed solder preform will melt to
accomplish hermetic sealing of can to base. Some of the
chamber gas will be vented off above the work coil and
additional gas admitted in order to flush out soldecing
v:pors.

The bandling mechanism in the chamber will reas-
semble the racks of sealed units on a tray so that they
may be removed by the operator when the last one of
the batch is completed, at which time the chamber will
be opened to the atmosphere and a sigoal given to the
operator.

Apart from loading and unloading, the entire op-
eration will be automatic, the cycle being initiated by 2
start button.

Pumping to 10 microns will require Jess than 9
rminutes, while admission of gas will be very rapid. The
speed of the handling mechanism will be such that a
crystal is passed through the sealing unit in about 1 sec-
ond, and the entire batch of 400 processed in 5 minutes.
Loading and unloading will require 2 to 3 minutes, for
a total cycle time of 25 minutes pes 400 crystals.

Helium will be used in preference to other gases
(e.g., nitrogen) if available, since it offers several ad-
vantages. The loading effect on the crystal is less than
heavier gases, and it provides good heat transfer. In
addition, mass spectrometer tests for leakage require
the use of some helium in the can. However, helium
is about 10 times more expensive than N, (over 1/2
cent per unit), and more important, is under priority at
present. Hence, it may be necessary to use N, with ad-
dition of He in some proportion.

3. Altcrnats Mathods

HC-6/U holders are conventionally sealed by means
of a hot plate and appropriate jigs where production

quantities are small and manual methods suffice. A pin-

hole is left in the can and the units fushed with gas
after base sealing, after which the pinhole is sealed. Ex-
periments at Bulova R&D Labs. and at Union Thermo-
electric Corp. have shown that satisfactory seals can be
made without the pinhole in an apparatus similar to the
one described, withcut bubbling of the solder or other
poor results. Elimination of the breather hold sigai-
ficantly simplifies the entire operation.

For heating the joint, induction coils are the most
convenient, compared to resistance heating, for example.
Welding would necessitate redesign of the HC-6/U can.
Hot plate methods, of which there are several, are satis-
factory for small quantities but do not lend themselves to
mechanization.

~ -

Processes 53—54

The most satisfactory method of hermetic sealing
is undoubtedly an all-glass seal. Glass mounts have
been developed and tested, but have not yet been ap-
proved for use with CR-18/U and CR-23/U units,
Among other reasons, it has not yet been proven feasible
to design a mount small enough to replace the HC-6/U
directly. Furthermore, some modification of standard
vacuum tube sealing machinery would be necessary to
adapt it to crystal units.

Ultrasonic soldering has the possibility of giving &
good seal but does not give a good appearance. It is
also a non-continucus process which leads to a lower
machine capacity than induction heating. On the other
hand, it would eliminate all flux problems if otherwise
suitable.

4. Condition of Material Leaving Process

Crystal units after sealing will be removed from the
chamber and subjected to leakage tests (by immersion or
mass spectrograph) on 2 sampled basis.

5, Yield

No loss of crystals by breakage is expected in this
process. Asa result of quality control procedures, some
Jots will be rejected in leak testing; this should not ex-
ceed 29, of the total. (Rejected crystal units may be
salvaged and resealed.)

PROCESS 54, FREQUENCY AND
ACTIVITY CHECKING

1. Incoming Material

Crystal units, having been sealed in the base sealing
machine, will be seat to the frequency checking beach
after removal from the trays used in the previous process.
The crystals are plugged into the ceramic blocks used
in the prior operations and the blocks are arranged in
racks. . .

‘2. Process

It is pecessary to check each crystal unit individually
to be certain that they are within the limits of frequency
and activity specified. This check will be accomplished
at a temperatureof 25°C = 2°. ‘The crystal units must
also meet a frequency and activity specification at the
temperature extremes of —s55° to +90°C. This re-

uirement calls for a deviation of not more than
~+0.005%, of the nominal frequency over the tempera-
ture extremes, an effective series resistance of less than 40
ohms for CR-23/U units, and 2 maximum effective
resistance (anti-resonance) varying from 120 ohms st
4.3 mc. to 18 ohms at 25 mc. for CR-18/U units.

The heat run test fequires a significant amount of
time, a minimum of several minutes per unit using
methods now available. To require a complete test on
every unit would require an inordinate amount of equip-
ment and manpower. The room temperature test, on

D m— . -
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Processss 54--55

the other hand, can be performed much more rapidly
since we bave already developed equipment to measure
frequency and sort crystals with great rapidity. We
believe that our quality control procedures in the pilot
plant will be sufficiently accurate to climinate the need
for 1009, sampling on the heat run. Since the tem-
perature coefficient is-2 primary function of the angle of
cut (ZZ'), this means that the quality procedures will
emphasize close control to this parameter. Hence, shifts
in the nominal frequency which arc due to aging, seal-
ing, or imperfections in final plating can be detected in
the more rapid room temperature test with 1009, samp-
ling, while only a selected number of each lot of crystals
will be given the heat ruan tests.

This number (the quality control level for heat run)
should be sufficient not only to control the temperature
coefficient but also to monitor activity dips adequately.
These may be due to insufficient contouring or to mois-
ture and other foreign substances in the sealed can.

The room temperature frequency check may be
performed by an automatic apparatus similar to the
electronic portion of the Frequency Sorter, except that
it can be simplified. Only one increment need be set,
an upper and lower limit, and the crystals sorted into
good, high and low units. The frequency limits for each
lot will be set into the apparatus by a control paael
similar to that developed for the sorter, except that it
will contain only two rows of selector dials, eight
cach for the high and low frequency. The limits for
each order can.be established by the job ticket and set
in by tbe supervisory or maintenance personnel. The
accuracy of the frequency check will be on the order of
=+0.0002%,. Effective resistance limits will be detected by
resonating the crystal in a circuit similar to the standard
C.I. Meter and equipped with relay contacts to signal
grid currents lower than the specified value. The ap-
paratus will be preset for effective resistance lumt of
each lot of crystals.

The frequency sorter operates on the principle of
counting the number of cycles in a given time interval,
which permits a test to be made to the desired accuracy
in 0.2 sec. Another 0.1 sec. is needed to stabilize the
crystal. About 2 seconds or isss will be required to
handle the crystals in and out of the checking unit. The
effective resistance test should proceed simultaneously
with the frequency check. Hence, the eatice operation
will be performed in better than 2.3 sec. per crystal unit.

The handling mechanism may be a variation of that
developed for the Final Plater, or alternately that which
will be designed in the base sealing unit. Either will
be capable of the above speeds, and in addition, are
adapted to the racks and ceramic carriers in which the
crystal units are plugged. It will be recalled that these
blocks bring out electrical connections from the base
pins of the unit to the outside of the block. The added
capacitance will be made small enough so that this will
not destroy the accuracy of the measurements.

Since the eavisioned test will be automatic, the op-
erator will require little skill and need only feed the
racks of units to be measured into the device and dispose
of the sorted output.

3. Alternate Methods

Several alternate schemes for automatic frequency
measurement have been discussed under Frequency Sort-
ing (Process 32 et al). Manual frequency check using
a standard C.I. Meter is possible, but is too time-con-
suming and requires 2 much higher order of skill than
the contemplated method. In either case, the C.L. Meter
circuit is a preferred oscillator, since it is the equipment
utdilized by the Signal Corps Inspection personnel. Pres-
ently available C.L. Meters have a variable drive level at
high frequencies. A new meter which minimizes this
difficulty is under development by the Signal Corps and
should be available shortly. This equipment may prove
more suitable to work into the proposed automatic test
than the older types.

4. Condition of Material Leaving Process

Tested crystals will be ejected from the equipment
marked according to whether they pass the test or have
a high or low frequency or low activity.

5. Yield

It is anticipated that less than 39, of the crystals
tested will be in the reject category.

PROCESS 55, PACKAGING
1. Incoming Material

Tested crystal units are conveyed to the packaging
area assembled to the ceramic blocks used ia the testing
and prior finisking processes. They will be arranged ac-
cording to job order.

2. Process

Crystal units are to be unplugged from the blocks
in which they have been transported through the
various machines, and the blocks returned to Process 49A
(Clean Bases). The units will be manually packaged
according to Military Spcaﬁauons and the particular
job order.

Packaging materia! will be procured from vendors
or manufactured in the plant by commercially available

automatic machinery.

3. Alternate Methods
Packaging methods are conventional and will be
specified more closely in future studies.

4. Condition of Material Leaving Process

Crystal units will be packaged as specified by the
particular order, and according to destination (domestic
or overseas).

A, A o 2 B P
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3. Yield
The yield of this process will be 1007%-

PROCESS 56, FREQUENCY STAMP CANS
1. Incoming Material

Cans used to seal the crystal units will be purchased
and delivered from stores.

2. Process

Duplicate job tickets of orders to be processed in
final plating (Process 51) will be transmitted to this
process, in order that the number and nominal frequency
of crystals produced are known.

The preformed cans must be stamped on the top
and sides with the code designation aad nominal fre-
quency of the order. This will be accomplished by an
automatic punch carrying dies in which the digits and
letters are set. ‘Two dies striking the can simultaneously
will be capable of stamping both top and sides at the
same time.

The Maximum Order Board specifies a distribution
of about 150 separate orders per month, equivalent to
7 or 8 changes in frequency per day. This number is
small enough to enable the dies to be set by hand.

The can stamping press may be fed by an operator
seated at the machine, or the cans may be stacked in a
hopper and fed automatically. The latter course will re-
quire procurement of a device to orient the cans. In
either case, it is envisioned that the machine will op-
erate at a rate of 25 per minute or . “tter. A resetable
counter will be incorporated in order to inform the op-
erator of the number of cans stamped with a given fre-
quency, or in a machine feeding automatically, it may
be arranged to stop the flow of cans.

3. Alternate Methods

From a standpoint of production coatrol, it may be
more convenient to Jabel the cans after sealing them to
the crystal_units, but it would aot be feasible to stamp
them at this stage. It is doubtful that a stenciling or
other marking process would meet military requirements
of permanence and legibility. The remaining question
of importance is the degree to which the stamping ma-
chine would be mechanized.

4. Condition of Material Leaving Process

Stamped cans will be assembled in batches, each of
which contains a number of cans stamped with the same

frequency.

5. Yield
Not applicable.

Process 55-37

PROCESS 57, DEGREASE CANS
1. Incoming Material

Stamped cans assembled in batches of the same
frequency marking.

2. Process

Cleaning of cans is an important step in order to
assure freedom from oils or other material which may
cause poor aging qualities after sealing. The lubricant
from the decp-drawing method of forming the cans, plus
any traces of grease which may come from the stamping
machine are possible sources of contamination.

There are several methods used in the industry for
cleaning, depending on whether or not the caas will be
hydrogen annealed in subsequent steps. For example,
the Bulova Watch Co. Quartz Crystal Division prepares
cans by washing in detergent, ammonia water, rinsing in
demineralized water several times, and finally with al-
cohol. Hydrogen annealing is not used after this pro-
cess. These steps occur after pretinning, so that some
flux also must be removed. The Union Thermoelectric
Co. uses a process prior to hydrogen annealing which
consists of a trichloroethylene degreasing step, a deter-
gent wash, and several rinses in tap and distilled water.

Since it is proposed to use hydrogen annealing, &
washing process similar to the Unioa Thermoelectric
Company’s will be used. This will be comprised of the
following steps:

DEGREASE: Stamped cans will be loaded into
baskets and thence into s trichloroethylene degreaser.
The baskets wili remain in the degreaser for 15 minutes.

WASH: Baskets removed from the degreaser will
be placed in a washer which will agitate them with hot
detergent. The washer will require four minutes per
cycle. ’

RINSE: Baskets as removed from the washer will be

. placed in a continuous rinser. The cans will be rinsed

in several sprays of tap and demineralized water. The
rinsing process will require 10 minutes.

DRY : Baskets removed from the rinser will be emp-
tied into trays, which in turn will be loaded into a dry-
ing oven. They will be dried for 30 minutes in a nor-
mal atmosphere.

3. Alternate Methods

Whether or oot this method will prove satisfactory
will depend on the results of aging tests. Some modi-
fication may be required as a result of these tests.

4. Condition of Material Leaving Process
Cans will be free from oily residue, and dry.

Yield
Not applicable.
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PROCESS 58, HYDROGEN ANNEAL CANS

1. Incoming Material

Clean and dry cans stacked in trays.

2. Process

Hydrogen annealing is a continuation of the de-
greasing process, with the objective of removing all ma-
terial from the inside of the can which may cause poor
results in aging. Experimental evidence indicates that
the hydrogen treatment results in a very clean surface
and remeves aay traces of.oily lubricant which may ad-
here to microscopic crevices in the metal.

Existing methods of hydrogea annealing involve
sealing batches of cans into a high vacuum system, bak-
ing, and flushing with H, several dmes before firing in
that atmosphere. This method is quite complex and
would no doubt prove difficult and costly to mechanize,
On the other hand, it would require much skill and op-
erator time to perform these operations manually.

It is believed that the major benefits of hydrogea
ancealing can be obtained by firing at ncrmal pressures
without the requirement of prior vacuum baking.
Whether or not this will be justified will depend on the

[ Declassified in Part - Sanitized Cop

results of aging tests performed on crystals prépared by
this method. . , P

Consequently, we propose to load the trays of
washed and dried cans directly into a conventional con-
trolled atmosphere oven and to fire them at 450°C or
other appropriate temperature. This treatment should
require approximately 1-1/4 hour. The oven will be
equipped with the necsssary controls to flush the cham-
ber with hydrogen and to maintain the correct tempera-
ture cycle automatically.

3. Alternate Methods

A recent study has concluded that H. treatment is
responsible in some cases for poor aging properties of
the crystal, rather than prevent them. Therefore, it will
be necessary to conduct adequate aging tests to prove out
this process before it can be firmly fixed.

4. Condition of Material Leaving Process

Cans will be unloaded from the oven held in trays,
and will be free from material which may contaminate
the quartz crystals,
5. Yield

Not applicable,
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Design—Station A

PART 11l

Man-Machine System for
Mechanized Crystal Unit Manufacture

DESIGN PARAMETERS

The man-machine system herein described is de-
signed for the manufacture of Crystal Units, types
CR-18/U (4.3-18 mc.) and CR-23/U (17.0-54.0 mc.).
The design goal is 200,000 units per month. The
distribution of frequendes to be considered typical is
summarized in Appendix L Ten thousand units per
8-hour day (oue shift) are to be produced for 20 working
days per month. The plant is designed to be capable
of at least doubled production rates with the addition
of extra shifts,

A process is defined in this report as a unit operation
on quartz or other material uscd in crystal units. Pro-
cesses are confinuous or batch, depending on whether
the operation can or cannot be performed without
interrupting material flow. An aufomatic process re-
quires no operator attention except for loading, unload-
ing or adjustment of the machine. A manual process
requires continual operator-attention other than standby.
The process unit is the container in which the material
is processed or the equivalent average number of quartx
blanks or pieces contained (e.g. “basket” or “cart-
ridge”). Process time is the time to process one blank
or unit. Machine or process capacity is the number of
blanks or units processed at one time.

Efficiency or percent stilization as used herein is
the number of minutes per shift in which a machine
or operator is usefully occupied (e.g., utilization in
minutes divided by 480, or in hours divided by 8).

A Station is » group of machines or operators
performing related operations on quartr..

The Stations may be divided into the following
groups:

Rosugh Cutting: A, (Mount Stones) to F,
(Dicing).
G, (X-ray and Thickness Sort-
ing) to K, (Frequency Sort-
ing), including Lapping (I, L,
M) and Contouring (M’).
N, (Final Etch) to U, (Pack-
aging).

Sixteen operators are required to rough-cut 175
stones per day, for a yield of 14,900 inspected blanks.
14,600 blanks enter Primary Lap (after X-ray and
Thickness Sorting), and 11,300 are delivered to Final
Etch; lapped to frequency and, if required, contoured.

Intermediate:

Finishing:

The number of operators in Intermediate Operations
is nineteen. The total shrinkage in Finishing Operations
is estimated as 700 crystals or crystal units, so that
10,600 pass Frequency Check; however an additional
allowance of 600 crystals is provided for defective lots
in quality control. The final operations will require
fifteen operators.

STATION A, MOUNT STONES AND ORIENTATION CUT

Includes Process 1, Inspect and Heat Stones
Process 2, Mount and Orient Z Axis
Process 3, X-Ray Orieatation Cut,

1. Material Entering Station

175 stones averaging 250 grams each (for a total
of 96.5 Ibs. quartz) will enter this Station in an average
day'’s production. The stones will be clean Grade A
quartz with at least one natural face s specified in
Process 1.

The requirement of 175 stoces/day (average) to
produce 200,000 crystal units per month, is based on
the overail yield of the plant. Appendix V gives the
estimates for each process involved.

2. Station Description

The Station is adjacent to the Raw Stone Storage
area and to the Initial Etch machine. Its purpose is to
mount the stones and orient them for eventuz: pre-
positioning and section sawing.

The station includes an oven, capable of reaching
155°C (311°F) and of bolding at least 200 medium
weight stones and 200 ceramic plates roughly 21/ x 3l x
34 inch. Thc oven is equipped with a timer so that it
will be up to temperature prior to the start of work,
also with thermostatic controls, all of which suggests
an electric oven of modest size. A table is provided
to lay out and separate stones into large ones, suitable
for cutting 0.490 inch diameter blanks, and small stones
for 0.375 inch blanks. The table may be located either
in the Storage area or in the Station proper, but most
conveniently the former.

Next to the oven is & table of standing beight,
bhaving a hot plate sufficiently large to hold three stones
and plates, and haviog a_photoclectric polariscope
(light source, filters, detecting photocell and meter)
built into its surface and covered with a light-shield
hood open in front. A continuation of the workbench
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is provided for & cooling area; this portion may include
shelves to hold up to 200 mounted stones,

Separated from the cooling table, but within reach,
is a plunge-cutting diamond wheel saw equipped with

a special holding jig which accepts the ceramic mount.*

ing plates. Another table is located on the other side of
the operator position, so that mounted stones can be
taken from the cooling table, locked in the jig, cut,
and placed on the second table without excessive
operator motion. The table for cut stones is accessible
to the operator of the initial etch machine,

A single operator will handle the work in this
Station and will be allocated duties per the following
table.

3. Operator Tasks

INSPECT, MOUNT, ORIENT AND X-RAY CUT
175 STONES/DAY

Operation Unit Time Daily Total
(min.) (brs.)
Inspect, . separate stones, 0.33 0.94
load ovea
Remove hot stone, mount 0.67 1.96
and orient
Cut X-rzy orientation flat  1.3% 3.90
2.35 6.80
Operators required 1
Operator efficiency 85%

Quantity of Material Leaving Station
175 stones (average) per day

Transfer to Next Station
Cut stones are conveyed to the Initial Etch Machine.

Machine Specifications

a. STONES/MOUNTING PLATE PREHEAT
OVEN

Purpose: To preheat stones and ceramic mount-
ing cement plates to 155°C (315°F) and permit mount-
ing cement application,

Regquirements: Theemostatically controlled - at
155°C, equipped with 24 hour timer for delayed start
of heating cycle, capacity of approximately 200 stones
and plates. ,

Visualization: A floor-mounted electric oven ap-
proximately 3 x 3 x 6 ft, equipped with shelves to
separate stones and plates.

b. PHOTOELECTRIC POLARISCOPE

Purpose: To orieat hot stones on ceramic plates
so that the Z axis is aligned with the plate edge and the
stone overhangs the plate suffideatly to allow & plunge
cut and clearance for the X-ray beam in Prepositioning.

Stations A—A’

Reguiremenis: The accuracy of the orientation
mears must be within =:2°. An salignment jig for the
plates must be designed so that plates are easily slid
in and out while hot (operator wearing gloves). The
arrangement of the nulling meter aad jig must be such
that it is possible to observe the meter while simultan-
eously rotating the stone and aligning it lacerally. A
lateral stop for the stone must permit it to be aligned
with respect to the plate edge so that it will extend a
predetermined amount beyond the sawblade when
finally mounted on the saw,

It must be possible to remove the oriented and
aligned stone to the cooling section without disturbing
the stone.

Visualization: A photoelectric polariscope has
been built in accordance with U. T. C. designs, and will
be used substantially unchanged. A convenient location
for the meter and a lateral stop for the stone will be
added, in addition to a light-shielding hood.

c. X-RAY FLAT SAW

Purpose: To cut a small flat (X-cut) on the stone
prepz tatory to etching and X-ray orientation for sec-
tioning.

Requirements: Rapid, rough cut of pre-oriented
stcne to an accuracy of +3°,

Visualization: A plunge-cutting saw, similar or
equal ro the Felker type, and equipped with a heavy
gauge diamond wheel, will be used. A quick-locking
jig will permit rapid insertion and removal of the
ceramic plate-mounted stones.

STATION A’, MOUNT SECTIONS, SENSE CODE AND
SAW X-RAY FLAT .

This Station is adjacen: to and 2 continuation of
Station A, mount stones and saw X-ray flat. The fol-
lowing processes are included:

Process 10, Heat Sections and Plates

Process 11, Orient Sections for Mounting Side,
Inspect for twinning

Process 12, Mount Sections, Orient AT line and
Cool

Process 13, Score Sense Code and Saw X-ray
Flat

1. Material Entering Station

An average of 450 sections per day will enter this
station from the Initial Etch ares, Station B. The
sections will be conveyed in baskets or in similar loose
form. An equal number of ceramic plates will enter,
cither new plates or recirculated from the wafering

process,

2. Station Description

The Station is part of the stone mounting ares,
Station A, and is laid out in a similar manner. It con-
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Station A’

sists of a conveyorized oven, capable of heating the
sections and ceramic plates to 155°C., a work-table
conizining an orioscope and a photoelectric polariscope,
and a cooling table. Next to the cooling table will be
a gang-bladed fixed-position saw and 2 single-blade
plunge-cut saw, beneath both of which will run a saw
table equipped with clamps for the ceramic plates and
a turn-table,

The incoming sections and plates will be fed sep-
arately into the oven on adjacent tracks. They will
be conveyed through the oven and delivered bot to
the oparator’s station. The sections will be picked up
by the operator and examined for mounting side 2nd
twinning per Process 11, using the orioscope, and
marked. One of the ceramic plates is smeared with
mounting cement and transfered to the polariscope
along with the section. The operator will then orient
the Z-axis and locate the section on the plate, using
polariscope, and transfer the assembly to the cooling
table. Stones with excessive twinning, averaging 30
per day, will be rejected at this stage, leaving 420 per
day to be mounted.

Whea cool, the sections will be picked up by the
saw operator and clamped to the sliding saw table.
They will pass first under the sense-code scoritg saw,
the table rotated 90°, and passed through the X-ray
flar saw. They will then be unclamped and sent to the
Initial Etch machine.

Assuming a ganged assembly of sense-code scoring
and X-ray flat saw, it is estimated that approximately
0.5 minutes are required to clamp and sense-code, and
another 0.5 minutes to saw X-ray flat and unclamp, or
a total of 1.0 minute for the entire operation.

420 stones could be processed in 7 bours with this
set-up, Thus one combined machine will be suffident.

As an alternate the scoring and X-ray flat saws may
be separated, both operating at the same time but with
automatic feed. Under these conditions twice as many
operations need be performed by the operator (840
clamping and 840 unloading operations). However,
almost twice as much sawing time will be available, so
that one saw of each type can still handle the load, even
if the time to take an X-ray flat cut exceeds 0.5 minutes.

3. Operator Tasks .

MOUNTING OPERATOR—INSPECT, MOUNT
450 SECTIONS/DAY
Operation Unit Time Daily Total
(min.) (brs.)
Unload sections, feed tooven --- 045
Orient mounting side, in- 0.5 3.75
450 sections
Mount and orient Z-axis 04 28
(420 sections)
0.9 7.0
Operators Required
Operator Eﬁidmcy°

SAW OPERATOR—SENSE CODE AND SAW
X-RAY FLAT, 420 SECTIONS/DAY

Usnit Time Daily Total

(min.) (brs.)
Saw sense code 0.5 3.5
Saw X-ray flat 0.5 3.5

1.0 7.0

Operation

Operators Required ° 1
Operator Effidency 87.5%

Quantity of Material Leaving Station—Yield.

420 mounted sections/day, average output.
Yield (based on sections entering) = 93.5%

5. Transfer to Next Station

The mounted sections will be placed on a mechani-
cal conveyor, preferably in a detachable etch tray, for
transfer to the Initial Etch ares.

6. Machine Specifications

a. SECTION, MOUNTING PLATE PREHEAT

OVEN

Purpose: to preheat sections and mounting plates
to 155°C. (315°F.) and allow application of mounting
cement,

Requirements: Same as Stone Prcheat oven, ex-
cept that it shall be conveyor fed.

Visualization: A tunnel oven, probably electrical,
with a conveyor traveling through the oven and extended
past the operator’s position. Some means of hopper-
feeding sections and plates may be included,

b. ORIOSCOPE

Purpose: to detect etch-figures and twinning of
etched sections.

Reguivements: Three illaminated pinholes to
form etch-figures; a beat-resistant top to permit exam-
ination of hot sections.

Visualization: The pinholes should be fAush-
mounted in the operator’s bench to eliminate unecessary
manipulation of the hot sections,

c¢. PHOTOELECTRIC POLARISCOPE
Same as described in Station A
d. SCORING AND X-RAY FLAT SAWS
Purpose: 3) to score sense-code marks on ooe
surface of the section, approximately 1/327 wide by
1/327 deep.

section.,

Requirements: Two saws are required, one a
multi-blade saw to take & narrow scoring cut at right
angles to the AT line, and the other a single-blade saw
to cut the X-ray flat parallel to the AT line.

Visualization: Two saws, one a fixed-blade gaog
saw and the other a single-blade saw will be mounted

b) to saw the X-ray flat from the
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together, A carriage and turntable, capable of 90°
rotation and equipped with clamps to hold'the mounted
section will run beneath both saws., The scoring cuts
will be made by passing the carriage uaderneath the
first saw; the turntable rotated, and the carriage moved
under the second saw where the plunge cut can be
made, forming the X-ray flat. The two saws will be
similar to the Felker type and equipped with diamond
blades. The carriage and turntable could be power-
operated, and returned, so that the operator need only in-
serts and remove the sections. On the return stroke of the
carriage, the saw blades could also be automatically
lifted so as to prevent damage to the section or
equipment.

STATION B, INITIAL ETCH

Includes Process 4, Etch Mounted Stones
Process 9, Etch Unmounted Sections
Process 14, Etch Mouanted Sections
Process 19, Etch Wafers

Material Entering Process
From Process 3:
(average)
From Process 8:
(average)
From Process 13:
(average)

From Process 18:

175 mounted stones/day
. 450 unmounted sections/day
420 mouanted sections/day

8,400 wafers/day (average)

2. Station Description

This work station is conceived as being a single,
continuous, automatic machine which will carry out the
basic operations of wash, rinse, etch, rinse and dry as
specified in Processes 4 and 9. The machine will be
ceatrally located in the rough cutting area so as to be
accessible to the various processes which are followed
by etching (i.c., X-rey flar saws, section saws, wafer
saws). The machine will probably be located at a junc-
tion of a continuous conveyor which will conoect it to
all these areas, although the subject of conveyance is not
covered by this report. The machine will be loaded and
unloaded from one end, which will be the operator posi-
tion, and will presumably be located at this conveyor
terminal.

The Initial Etching Machine itself will consist of
a number of tanks, containing the various solutions, the
tanks being heated and thermostatically controlied where
needed, and requiring no atteation from the operator.

The tanks aad the drying, loading and unloading
stations will be connected by an internal conveyor which
will have the function of carrying baskets of quartz
material from one station to another, and to bold them
at these stations for the proper length of time. This con-
veyor and the baskets, will be made of material resistant

Stations A'—8B

to the action of 489, KF add; e.g., monel, copper,
plastic, plastic coated steel.

The function of the operator «ill be to gather the
various kinds of quartz and to transfer them to the
Etch Machine conveyor, to remove them from the ma-
chine, and to route or carry them to the next processing
area. No adjustment will be made to the machine by
the operator, with one exception—the remaining ad-
justmeats being the function of reaintenance personnel:

It will be noted that two etching times are specified:
in the referenced process descriptions, one for X-ray cuts
and another for visual inspection. It is contemplated
that tke process time variation can be handled by means
of a two-speed conveyor drive, the ratios of the two
speeds being that of the total process times, or approxi-
mately 5.5 to 1. The shift from high to low speed or
vice versa can be handled by the operator since it may
be merely a push-button operation, The shife will take
piace at a time determined by the relative backlog of
each kind of material to be etched.

A study of commerdiai types of apparatus used for
similar purposes (such as electroplating) indicates that
the baskets loaded ‘into the etch machine conveyor
could have the. following capacities without being ex-
cessively heavy or uawieldy:

Mounted Stones and Sections — 5 per basket

Unmoucted Sections — 15 per basket

Wafers — 1000 per basket

Two or more of these baskets could be processed
together in each tank of the etching machine.

A particular type of automatic plating machine, the
Udylite Junior Hydraulic Retura Type Plating Conveyor
(The Udylite Corp.) bas been suggested as one which
can easily be adapted to initial etching seevice. This ma-
chine has the following characteristics:

Rack spaces in process

section (neglecting

load/unload) 20

Rack size, inches 12 x 10 x 24

‘Process time at slow
speed, hrs.

Process time at high
speed, hrs.

Space between rack
ceaters, feet 1.5
Dwell time of rack in

“up” position, sec.

(This can be neglacted

in computing the

process time)

Overall machine size

(approx.), feet

2.2 (9.1 racks/hr.)

04 (53 racks/hr.)
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Stations B—C

The number of baskets which must be processed
per day, according to paragrapk (1.) of this section, and
the basket capacity above, is:

Mounted Stones 35

Mounted Sections 84

Unmounted Sections 30

Wafers 9

The first two items, totaling 119 baskets, or GO
racks, are to be processed at high speed. A rack will
traverse the 20 rack spaces in the process section in 0.4
hrs. Assuming two baskets per rack, the time to load
the mounted items is:

04
60 x — = 1.2 hrs.
20

The time required to empty the machine at high
speed is 0.4 brs.

The sections and wafers can also be processed two
baskets to the rack. The time to traverse the 20 rack
spaces in the process section is 2.2 hrs. Hence, the time
to ctch the 30 baskets (or 20 racks) at slow speed is:

20 x 2.2
20
and the time to empty the machine is another 2.2 hrs.

=2.2 krs.

Therefore, the average time the machine is in use
per day is the total of these four figures, or 6.0 hrs.

One machine is required, and the efficiency is:

6.0
n x 100 or 75%-

3. Oporator Tasks

The operator will be required to load and unload
the machine for a total of 3.4 hrs. He will handle 119
baskets at a rate of 100 baskets per hout, approximately
35 seconds per basket, for 1.2 hrs; and the remaining 39
baskets at 2 slower pace of 3.4 min. per basket. During
this period (2.2 hrs.) and the time during which the
machine is being emptied, or is idle, the operator can be
utilized in transporting or gathering material in and
out of the etch Station.

4. Material Leaving Station—Yield

The same quantity will leave this Station as entered,
since the quartz will be unaltered in form (see Para-

graph 1).

5. Transfer to Next Station

The material removed from the etching machine
may be transferred to subsequent Stations (Preposition-
ing or Mounting) by mechanized conveyor or by manual
means.

6. Machine Specifications
a. INITIAL ETCH MACHINE

Purpose: ‘To treat saw-cut quartz surfaces with
bydrofluoric acid, together with washing, rinsing and
drying operations, in order to permit X-ray or visual
examination.

Requiremenis: Preset processing time, cither 11 or
60 minutes in HF, together with temperature controls in
specified stations. Complezely automatic operation ex-
cept for loading and unloading. Enclosed tanks and
precautions to prevent contact of operators with fumes or
add.

Visualization: A series of tanks, properly con-
trolled and enclosed, fed by a two-speed intermittent
conveyor and appropriate mechanism to lower and raise
basket in the various tanks. The machine will be ap-
proximately 30 feet long. A modification of & commer-
cial automatic plating machine such as the Udylite Junior
will fit these requirements.

STATION C, PREPOSITION STONES AND SECTIONS

Includes Process S, Insert Stones in Transfer Jigs
and Preposidon.

Process 15, -Insert Sections in Transfer
Jigs and Preposition.

1. Material Entering Station

175 mounted stones per day (average) enter the
station from Initial Etch, Station B. 420 mounted sec-
uons per day (average) enter this Station from Initial
Etch.

2. Station Description

The prepositioning area is adjacent to the initial
etch machine (Station B), and to the section and
wafer sawing areas, (Stations D and E). The mounted
sections and stones received will be inserted in transfer
jigs (manually), and fed to an X-ray diffraction appars-
tus, in which the jigs will be prepositioned for sawing
by measuremeat of the reflection from the X-ray flat
saw cut,

The Station therefore, will consist of two tables or
work surfaces on which the jigs aad stones or jigs and
sections will be assembled, means for teceiving stones
and sections from the etch area and for storing them tem-
porarily, and for receiving jigs and their temporsry
storage. It will also include X-ray detectors to receive
the X-ray beams reflected from the stones or sections
at the correct angle for prepositioning, and meters to
read the relative intensity of the reflected beams as
the jigs are adjusted. It is eavisioned that one central
generator will provide the source of X-rays for the
two prepositioning tables. These tables, one for stones
and one for sections, will be built on eitber side of the
X-ray tube, so that they will both be accessible to oae
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operator. Each table will have its owa collimating
crystal, detector, and intensity meter, as well as the
necessary fixtures (reference surfaces, turntable, etc.)
to facilitate jig alignment.,

The prepositioning tables will be constructed and
placed with reference to the jig assembly tables so that
the jigs can be slid from assembly to X-ray tables without
being lifted. They will also be equipped so that the
jigs can be slid from the X-1ay fixture to another table
or conveyor wkere they can be transported to the saws,
also without lifting. In this way, there will be no
danger of damage to the jigs or of changing the accurate
settings made in the X-ray fixture.

Prepositioned  jigs removed from the X-ray fix-
tures will be stored on a table or slowly moving con-
veyor, where they will be transferred to the section saw
(in the case of stones) or wafering saws (for the
sections).

3. Operator Tasks

The duties of the prepositioning operator can be
summarized in the following table:

X-RAY PREPUSITIONING OPERATOR TASKS

Sections
(Sec.)

Operasion Stones
(Sec.)
1. Select mounted quartz

and jigs, assemble 10 10

together.

. Transfer to X-ray fixture
and secure in measuring
position.

. Make first adjustment
and maximize meter
reading

. Make second adjustment,

maximize reading and
recheck first adjustment

. Transfer to assembled
jig storage or conveyor 5

—_—

Total time 50 sec.

Time spent on stones per 50x175
day: 3600

Time spent on section per 35x420
day 3600
Total prepositioning
time per day

Operators required

Operator efficiency

Station C

No time is required to change over from preposi-
tioning stones to sections, since both X-ray fixtures will
be available for use at all times.

The time required to change from one ZZ' angle
to another (in prepositioning sections) is neglected,
since this will probably not be the task of the operator.
Furthermore, work flow can be scheduled so that only
a few changes in wafering angle will be maae per day.

4. Quaontity of Material Leaving Station

175 prepositioning stone jigs and 420 prepositioned
section jigs will leave per day. .

5. Transfer To Next Station

Jigs will be transferred by mechanical conveyor -to
the wafering and section areas.

6. Machine Specifications
2. X-RAY PREPOSITIONING FIXTURES

Purpose: To provide 2 collimated X-ray beam
system to accurately align quartz stones and sections to

predetermined angles by means of reflection from appro-
priate atomic planes.

. Reguirements: The system is required to align
the X-axis of stones to =5’ with respect to a reference
surface on the fixture, 20d to align the ZZ’ axis of sec-
tions to within ==1’. The X-axis adjustments must be
made in two perpendicular directions. The time to
make a single adjustment shall be in the vicinity of
15 seconds.

Visualization: The machine will consist of five
major functional divisions, the X-ray generator, & pre-
positioning fixture for stones and one for sections, and
the interchangeable transfer jigs for stones and for
sections.

The X-ray generator will be of conventional design,
similar to commercial units, modified as recuired with
special power supply filters or other means needed to
improve the accuracy of the system. The X-ray machine
will generate two beams which shall impinge on crystals,
one on each prepositioning table, for further collimation.

The stone prepositioning. table will have a means
of holding the stone jig against a reference table, mecha-
nisms to raise the table so that the X-ray flat cut on the
stone will contact a beam locating pointer and means
for detecting the intensity of the reflected beam. It
shall also include chutes or other means of sliding the
jigs on and off the table. The detector output will be
a meter, and if required, an alarm to signal passing of
the peak of intensity or to cut off motors activating the
jig adjusting screws if the jig adjustments are motorized.

The stone prepositioning table will be cspable of
rotating the stone 90° so that two orthogonal sdjust-
ments may be made,

63
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Stations C-D

* The section prepositioning table shall be similar
to the stone table, except that it will be equipped to hold
and adjust section jigs, and that only one adjustment
position need be provided. However, this table shall be
capable of being preset to adjust the jigs for at least six
different ZZ' angles (by offsetting the prepositioning
table with respect to the beam) and of being changed
from one angle to another.

The jigs shall be capable of clamping the stone or
section mounting plates by means of 2 single rapid
motion. The stone jigs shall have two adjustments at
right angles to each other (with respect to 2 fixed
reference point) and the section jigs shall have one
adjustment. These adjustments will be capable of fine
motion with respect to the required accuracy (one or
five minutes of arc) without sacrificing the required

speed of adjustment (15 seconds maximum).

STATION D, SAW SECTIONS FROM STONES

Includes Process 6, Saw X-sections
. Process 7, Remove Plates and Degrease
Transfer Jigs
Process 8, Separate Sections

1. Material Entering Station

“The incoming matesial consists of mounted quartz
stones, averaging 2503, assembled to transfer jigs, which
have been prepositioned so as to adjust the stone X-axis
within =5’ of a reference surface defined by the jig feet.
175 stones per day will be processed on the average.

2. Station Description

“The Station consists of a storage area, into which
the prepositioned stone jigs are conveyed and accumu-
lated; a sectioning saw equipped with ganged blades
in which the stones are cut into sections in one pass;
a short conveying section in which the sections, still
cemented to ceramic plates, are removed from the trans-
fer jigs; a degreaser in which the jigs are cleaned before
being returned to the Prepositioning Station (C); =
special degreaser in which the cement binding the
sections to the plates is dissolved; and an area in which
the plates are separated from the sections and the latter
accumulated for initial etch.

The prepositioned transfer jigs are accumulated on
a table or slowly moving conveyor terminating in 2
storage section adjacent to the sectioning saw. The saw
may be a P. R. Hofiman Sectioning Saw equipped with
a2 moving table which passes laterally beneath s set of
five ganged blades. The table is locked in the rearward
position and is located with respect to the jig storage
or conveyor so that 2 prepositioned jig can be slid onto
the table. The table has = vertical reference surface
against which the transfer jig presses when it is clamped
to the table. When the »aw operator has secured the
jig, 2 push-button operation starts the saw drive and
the operator releases the table, which is gravity-fed, into

the saw blades. At the end of the table travel the saw
drive automatically cuts off and the jig can be unclamped
and slid onto another storage table.

The operator will retura the saw table to the start-
ing position (tnanually or by 2 push-button operation)
and start sectioning another stone. During the saw-cut
(approximately 2 minutes) the operator cao disassemble
the sectioned stcne from the transfer jig and place the
lacter in a continuous or batch type trichloroethylene
degreaser, which removes Jubricant and quartz dust from
the jig. He. will also place the sectioned stones in
another degreaser for the purpose of loosening or dis-
solving the cement which holds them to the ceramic
plates.

The second degreaser contains warmed denatured
alcohol which serves as 2 solvent for the mounting
cement. The sections must remain in this bath for about
one hour.

Also during the section sawing time, the operator
will have time to remove degreased jigs and to place
them cn a conveyor which returns them to the Preposi-
tioning Station, and to remove platcs and sections from
the separating tank and place them on a conveyor which
transfers them to the Mounting and Initial Etch Stations,
respectively. The layout of the Station, including mechs-
nical conveyors, must be such that all these operations
can be performed by one person.

SECTION SAW:

Load/unload time per stone
Sawing time per stone
Total 2.4 min.

0.4 min.
2.0 min.

1 24
Average utilization = —2:3-— = 7.0 hrs/day

No. of saws required 1
Effidency 87.5%

JIG DEGREASER:

The jig degreaser will be mechanized to the extent
¢hat it can be loaded and ualoaded from one position,
a0d that it requires no other attendance.

Jigs handled per day 175
Output, jigs per bour 25
Average utilization 7.0 hrs/day

No. degreasers 1
Efficiency 87.5%

SECTION SEPARATOR:

The separator may be cither a continuous or batch
device. In its simplest form it will be a tank holding
25 mounted stones, which may be hand-loaded and
unloaded.
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Process time 1.0 hr.

Stones per day 175 (450 sections)
Capacity, stones 25

Output, stones per hr. 25

Time utilized per day 7.0 hr.

No. machines required 1

Effidiency 87.5%

3. Operator Tasks

(per stone)
Load/unload saw 0.4 min.
Disassemble jig and stone
Load/unload jig into degreaser
Load stone into separator
Remove, separate sections, plates, scrap
Total

175 x 2.4
__s_x__ = 7.0 hrs.

Total utilization =
No. Operators required 1
Efficiency 87.5%

4. Quantity of Material Leaving Station—Yield

The yield of this Station is approximately 2.6
sections per stone (63% based on weight of quartz
entering). The output is 450 sections (separated). In
addition, 175 jigs (degreased) and 175 ceramic plates
will be transferred per day.

5. Transfer to Next Station

The sections will be stored in trays capable of
entering the Inidal Etch machine, and transferred to
the Initial Etch Station by mechanical conveyor. Ceramic
plates will be similacly conveyed to the mounting area
(Station A’) or will be accumulated and manually trans-
ferred to that Station. Jigs will be mechanically con-
veyed back to the Prepositioning Station.

6. Machine Specifications

a. SECTION SAW

Purpose: to saw X-sections from stones.

Requirements: Automatic operation, except for
loading and unloading. Angular accuracy, with respect
to reference surface on table, of == 10". Thickness spread
of = .005”. (3 sigma on both specifications). Ability
to gang-saw with up to five blades, and to change sets
of blades in approximately 15 minutes. Section sawing
time averaging not more than two minutes for 250 gram
stones. Modifications to permit loading and unloading
of spedal positioning jigs from conveyors without lift-
ing jigs.

Visualization: The P. R. Hoffman section saw,
equipped with ganged diamond blades on & removable
arbor will essentially meet or exceed the specifications
for accuracy. Additional mechanization of table travel
and of loading means will meet our requirements.

Statlons D-—E

b. JIG DEGREASER AND SECTION SEPA-
RATOR
(These have been described in the above text.)

STATION E, SAW WAFERS FROM SECTIONS

Includes Process 16, Saw Wafers from Sections
Process 17, Remove Plates and Degrease
Transfer Jigs
Process 18, Separate Wafers from Plates

1. Material.Entering Station

An average of 420 sections per day.eater this station.
They are cemented to ccramic plates, and assembled to
transfer jigs which have been prepositioned to within
=1’ of the desired ZZ’ angle. There ate two thicknesses
of sections which may enter, and three different ZZ'
angles associated with each thickness.

2. Station Description

The Station will be located next to the X-ray Pre-
positioning Station (C), and will be connected to it
by means of 2 mechanical conveyor.

The Station will consist of a number of wufering
saws, arranged in a line so as to be accessible to a con-
veyor carrying the prepositioned jigs at a height the
same as that of the wafering saw tables. The operator
should be able to slide jigs into any-of the saws from the
coaveyor without the need for lifting them.

The sawn sections will be discharged from the
opposite side of the saws onto another conveyor, which
will carry the jigs to a degreasing area. An operator
will remove the sawn sections from the jigs and place
the jigs in a conveyorized degreaser, where they will
be cleaned and discharged automatically and conveyed
back to Station C. The mounted sections, now cut into
wafers, will be placed in a separation tank, containing
denatured ethyl alcobol, which will be similar to that
described in Station D. The solvect will dissolve the
cement holding the quartz to the ceramic plate in ap-
proximately one hour, after which the material may be
removed and the plates separated from wafers and scrap
by the operator. Wafers wili be stacked in trays holding
approximately 1000 wafers, and conveyed to the Initial
Etch Station (B). Scrap quartz will be discarded, and
ceramic plates will be conveyed to one of the mounting
Stations (A) or (A’) or retained in temporary storage
until picked up. The efficiency and manpower require-
ment of this Station depends greatly on the layout and
material handling facilities.

WAFERING SAWS:
(Per Section)
Load/Unload time 0.4 min.
Wafering time 3.1
Total 3.5 min.

Tou.lmadxine _‘2013.’

utilization =g = 24.5 hrs./day
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Station E

No. machines required £ 4. Material Leaving Station—Yield

Averzge machine utilization 6.1 hrs./day An average of 20 wafers will be obtained from
Machine efficiency 77% ::n:go;taiil-on, hence the number of items leaving the

JIG DEGREASER: 1. Wafers 8,400 (9 trays)
Average jigs dcgteased per d_ay 420 2. Ceramic platcs 420 :
Output, rate, per hour 60 3, Jigs (degreased) 420
Utilization 7 hrs.

No. required 1 Items 1. and 2. may be conveyed to Stations B
Machine effidency 87.5% and A respectively by mechanical conveyor or by
' manual pick-up, depending on the desirability of continu-
SEPARATOR: ous flow or temporary storage of these items. Item 3.
will be mechanically conveyed to Station C (Pre-
This machine may be a batch type or continuous positioning).
output (mechanized). A batch type will be assumed.

Avg. sections input per day © 420 6. Machine Specifications
Process time 1 hr. . a. WAFERING SAW

Capacity of machine (batch) 60 sections Purpose: To cut AT wafers from X-sections.
re e . Regquirements: Completely automatic operation
Average utilization 7 bours/day except for loading and unloading. Angular accuracy
No. required 1 (with respect to reference bar oo table) of approximately
. .. 2.5' (3 sigma) and a thickness accuracy of 0.003” (3
Machine efficiency 87.5% sigma) on wafers produced. Capability of produciog
: 22 or more wafers in one pass by means of ganged blades.
3. Operator Tasks Ability to change and realign sets of blades (arbors)f
within 15 minutes in order to change thickness o
SAW OPERATOR: wafers produced. Average sawing rate on 60 gram X
(Per Section) sections not to exceed 3.1 minutes. To be equipped with
Load/Unload time 0.4 min. clamping devices or other means t0 permit transfer
Travel between saws 0.27 jigs to be inserted and aligned within the cverall
Idle time (during sawing) 0.2 ?ccuracy.requircment and removed from the saw table
0.87 min. in 0.4 minutes total.
Visualization: The accuracy and mechanization
Average | 420 x 8.7 __ . requirements have been met by the P. R. Hoffman wafer-
utilization = 60. 61 hrs ing saw, and it is visualized that this equipment, modified
. to the requirements of materials handling cited, will be
No. operators required 1 used in the plant. ]
Operator efficiency 7% b. JIG DEGREASER
DEGREASER-SEPARATOR OPERATOR: “fuinl’;rpase. To degrease and clean jigs utilized for

. (Per Section) Requirements: Unattended operation, including
Separates plates from jigs 0.2 min. loading, but may be manually loaded. Capacity of 60
Insedt;s 1gs into degreaser 0.2 mio. jigs per hour for an 8 hour day.
Il{o;novf(:;;sgmﬁ:iﬁ‘:s 01 Visualization: A commercial type of trichloro-
lates, scra P 0.5 mi ethylene degreaser with the addition of automatic un-
p P —_ loading and internal conveying features.
Total 1.0 min.
’ c. WAFER SEPARATOR .
-VErge 420 x1 ! Purpose: ‘To dissolve the cement holding the
utilization 0 = 7.0 brs. sawn wafers to the ceramic mounting plates.
Regquirements: Cutput of 60 sections per hout
No. of b 1 with a holding time of one bout in & warm solvent bath
Operator efficdency 87.5%% (alcobol).

5. TYransfer to Next Station
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Visualization: A batch device similar to that of
Station D, but with a capacity of at least 60 mouated
sections.

STATION F, DICE WAFERS

Includes Process 20, Inspect and Layout Wafers
Process 21, Mount Wafers
Process 22, Ultrasonic Dicing
Process 23, Dewax Blanks
Process 24, Inspect Blanks
socess 25, Load Blanks into Cartridges

1. Material Entering Station

A daily average of 8400 wafers will enter this
station from Station B (Initial Etch). They will be
conveyed in baskets or trays as received from the etching
machine, approximately 1000 wafers per tray.

2. Station Description

The station includes three sub-areas; wafer inspec-
tion and mounting, dicing, and blank separation and

inspection.

a. The wafer inspection and layout of defective
areas is a manual operation, and will be carried out at 2
table equipped with lighting and marking facilities
for two operators. If the wafers are mechanically con-
veyed from the etching machine, the operators will be
seated at a position convenient to the conveyor, but in
view of the small number of wafer trays per day, it may
be feasible to transport them by hand and to seat the
operators in any convenient location,

The inspection positions will be equipped with &
simple jig in which the undefective wafer area can be
compared with the position which the wafering tool
will occupy in the dicer. Two such jigs will be needed
at each position, one for large wafers (0.490” blanks)
acd the other for small wafers (0.375” blanks).

Of the 8400 wafers coming into wafer inspection
approximately 1000 will be rejected as undersized or for
having too much twinped arez. (See Process 20).

b. The wafer mounting section will be immediately
adjacent to the inspection and layout beach and will
consist of two machines which will automatically per-
form the mounting operation. Generally, one machine
will mount large wafers and the other small wafers,
however both will be sble to handle ecither size with
only minor sdjustments. As presently eavisioned,
wafers will be fed directly to the mounting machines by
conveyors from the inspecting tables—alternately they
could be loaded into hoppers and fed from them. In the
formes case the wafers can be placed on the conveyor
with the correct mounting orientation (direction of the
scored edge), or the scored edge can be used to me-
chanically align the wafer. The glass plates will most
likely be fed from 2 hopper, since they must be inspected
to see if they are still usable (used less than four times),
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Stations E—F

and also must be fed into the machine with the unused
side and edge properly oriented. The machines will
heat the wafers and plates, apply wax, and feed the
wafer to the waxed plate, after which the mounted
wafers will pass through a cooling section and be con-
veyed to the dicing machines.

The mounting machines will process twelve blaoks

per minute. The average utilization of machine time is,
therefore (per day)

7400

12 x 60
requiring two machines.

= 103 hrs,

2x

¢. The dicing machines will be located in = line
fed by a mechanical conveyor from the mouating
machines. Each machine will be serviced by an operator
who will select mounted wafers from the conveyor and
insert them into the first position of the machine (wafer
alignment jig). The wafers will be diced by means of
an ultrasonic-powered tool and ejected automatically.

Machine efficency is x 100 = 65%

The time to dice a wafer will average 11 seconds,
according to present indications. The ultrasonic tool
must %e changed every 500 wafers and it will require
approximately 15 minutes of macfine down-time for the
change. For an average day's production of 7400 wafers,
the number of tool changes is hence:

7400
500

The totz] machine time required per day is thea:

= 15 (Approx.)

400
L + 15 x 15 = 1585 minutes or 26.4 boars.

Number of machines required = 2—‘:‘—: 3.3, say 4.
264

4x8

Thus, the average time used per day per machine is
6.6 hours.

d. Diced wafers are ejected from the diciog ma-
chines and are conveyed to a continuous automatic de-
waxing tank, containing a solveat such as tzichloro-
ethylene. In order to eliminate the need to transfer the
glass plate-mounted wafers in and out of the dewaxing
tank the operation must be continuous, and the through-
put rate must equal the production rate of the four
dicers. Hence the machine must be able to dewax in
excess of 1120 blanks per hour. If used an average
of 6.6 hours per day (equal to the dicing time) the ma-
chine efficiency is also 82.5%.

The dewaxing machine will be considered as com-
pletely automatic and will hence require no operatoc
attention,

Machine effidency = = 82.5%.

4
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Station F

e. The dewaxing tank conveyor will eject 2 mixture
of good and poor blanks, quartz scrap, and glass plates
onto 2 belt passing through a blank inspection station.
An operator will select good (unmarked) blanks and
divert them to a cartridge loading station, which may be
at the terminus of another conveyor belt. The remain-
ing material will pass over a screening section where the
rejected blanks and scrap will be segregated, leaving the
glass plates. These will be conveyed directly or through
an intermediate storage back to the mounting machines,

The total number of blanks entering this inspection
position per day will be 18,500 on the average. The
number of good blanks sorted out will average 14,900

per day.

f. Sorted blanks will be fed to a vibratory hopper
which will load them into cartridges, with an average
of 100 blaunks per cartridge. Such a machine can load
blanks at the ratc of 120 per minute, Heance 50 seconds
will sufficc to fill a cartridge. The total number of
cartridges loaded per day is 149, and the average loading

. . 149x 50
time per day —— = 2.1 brs.

However, two machines will probably be required
since the construction of the hopper will be different for
the two blank sizes, 0.490"” and 0.375”. Since the two
sizes of blanks are roughly equal in numbers (see Order
Board, Appendix I), the loading time for each machine
will be approximately 1.1 hrs. per day.

Table F-1
SUMMARY OF MACHINE REQUIREMENTS, STATION F

Operation
(Wefers/day)
7400
7400
7400
(14,500 blanks)

Wafer Mounting
Ultrasonic Dicing
Dewaxing
Cartridge Loading

Inpus Macbhine Rate No..
(Wafers/min.)

Macbines
12 2
55

4
19 approx. 1
(120 blanks) 2

Operator Tasks

. INSPECTION AND LAYOUT OF WAFERS
No. of wafers

processed per day 8400

Inspection and
Layout rate
Total inspection

8400

time = 10:60: 14 hrs, per day

No. operators required 2
Operator efficiency 87.5%

b. WAFER MOUNTING OPERATOR
Machine operating
time (2 machines)
Sorting/loading glass

plates (7400/dsy
at rate of 60/min) 2.1 hrs.

Total time 7.3 hes. per day
No. operators required 1
Operator efficiency 90%,

10 per min, per operator

5.2 hrs, per day

c. DICING OPERATORS
Machine operating
time (4 machines)

Standby for tool
change 3.8 hrs

Total time 25.5 hrs. per day
No. operators required 4
Operator efficiency 837,

22.7 hrs. per day

d. BLANK INSPECTOR

Blanoks inspected per
day = 7400 x 2.5 = 18,500

1 sec. per blank
= 18,500

Sorting rate

Total sorting time = 52 hrx

Cartridge loading
time (2 machines) 1.1
Total time 6.3 hrx.
per day

No. operators 1
Operator efficiency 9%
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Table F-2
SUMMARY OF OPERATOR REQUIREMENT, STATION F
Operation No. Operators Efficiency
1. Inspection/layout 87.5%
2. Wafer mounting 91
3. Diding 83
4. Blank inspection ] 79
Total

4. Material Leaving Station—Yield

The number of blanks passing inspection per day
= 14,000. (The yicld of good blanks is approximately
807, based on total blanks diced, or 2 blanks per diced
wafer.)

5. Transfer To Next Station

The blanks are sent to the next Station, X-ray and
Thickness Sorting, loaded into cartridges averaging 100
blanks each. The daily output is approximareiv 150
cartridges per day. These can be easily conveyed
manually.

. 6. Machine Specifications

<

__'_______;_,_____."—

2 WAFER MOUNTING MACHINE

Purpose: to mount wafers on glass plates.

Requirements: The machine will heat glass
plates and wafers and apply a film of wax, position
wafers on the plates, and eject the mounted assembly at
2 minimum rate of 12 per minute.

Visualization: The machine will consist of a
magazine in which glass plates will be manually loaded
and oriented, a means of heating the plates and feeding
them under a wax-film applicator, a conveyor to traos-
port inspected and heated wafers, and an assembly
section where the plates and wafers are positioned and
joined together. This section will be followed by a
storage conveyor in which the plates are cooled before
being transported to the dicers.

b. ULTRASONIC DICER

Purpose: to dice round blanks (with an orienta-
tion flat) from quartz wafers.

Requirements: The machine witl be manually
loaded with wafers mounted on glass plates, and will be
required to dice at least four round blanks with an orien-
tation flat from the wafezs. The accuracy of the machine
must be such that the orientation flat of each blank
is paraliel to the alignment edge (unscored) of the
original wafer with 2 total error not exceeding 15"
The machine must automatically perform the dicing
operation on signal from the operator and eject the
mounted blanks in 2 cycle time not exceeding 11
seconds. A means of permitting the operator to judge
the position of the best blank yield must also be pro-

Station F

vided. The design of the 200l and generator must
insure economical tool life. The tuning of the machine
to resonance must be suffidently stable to obviate fre-
quent re-tuning.

Visualization: The machine as preseatly conceived
will include the following features:

A 4-position rotary index table with a precision
of .001” (equivalent to =1 minute of arc at the cutting
position). The table will index 90 degrees in one
second with pneumatic power actuation and electrical
control. The unit will be ‘equipped with 2 Skip-Hydro-
check unit for cushioning.

The four positions will be utilized as follows:

Position (a) — Load 2n0d preposition  gluss-
mounted wafer, and clamp in
position.

Positdon (b) — Diceblanksusing Cavitron trans-
ducer head and multiple tools.

Position (c) — Eject glass plate with diced
blanks.

Position (d) — Wash work position.
The above operations all occur simultaneously.

At the loading position (a), the operator will be
aided in positioning the wafer by two fixed contact
points which permit the wafer to be positioned accur-
ately in angle. An optical ternplate locates the rclative
tool position, so that the wafer can also be shifted lates-

ally for the best yield.

“The ultrasonic tools at position (b) will dice 4or5
blanks (with the required flat) from the wafer. The
tool will be lowered, slurry will be fed to the work
piece, blanks will be diced, and retraction of the tool
will take place automatically. The time to dice & quartz
wafer of average thickness will be between 10 and 11
seconds. This will establish the cycle time. In the
next position (c), the diced wafer on its glass plate will
be ejected cnto 2 conveyor. In the fourth station, the
prepositioning clamp will be scrubbed and washed to
remove slurry particles.

Actual operation of a test model of this apparatus
bas shown that an operator with a few day’s training
is capable of holding the overall angular error to approx-
imately 5', which betters the target specifications.

c. DEWAXER

Purpose: to remove the wax bond bolding the
diced blanks to the glass plate.

Reguirements: The machine must process at least
19 glass plates per minute without attendance by aa
operator. It must be capable of being conveyor-fed
and to eject its output on & conveyor, without the re-
quirement of operator loading or unloading time. The
solvent must completely dewax and degrease the glass
plates and quartz without removing the paint or ink
used to mark defects. The material must be p
through the machine with no damage to the quartz
blanks.
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Stations F—G

Visualization: A degreaser of conventional de-
sign, using liquid trichloroethylene, should be capable
of performing this task. The machine will be convey-
orized and continuously operating, with provisions for
transfer of material to other conveyors on input and
output ends.

d. CARTRIDGE LOADER
Purpose: To load blanks into spedial rigid plastic
cartridges (opea on one end).

Requirements: The machine must load blanks at
the rate of 50 per minute or better. It must be so de-
signed as t¢ make rapid interchange of cartridges
possible,

Visualization: A vibrating hopper or parts-feed-
ing device will handle one size of blank at 2 time at the
required rate. A cartridge holder is readily added.
Another possibility is a simple feeding chute at the end
of a transport belt, since the blanks to be loaded may
already be separatad on such a conveyor.

STATION G., ZI' ANGLE (X-RAY) AND
THICKNESS SORTING

Includes Process 26, X-Ray Sorting
Process 27, Thickoess Sorting

1. Material Entering Station

An average of 14,900 diced blanks per day will be
received from Station F, Ultrasonic Dicing. These will
be cleaned, and loaded in plastic careridges, of which
there will be between 150 and 200 per day on the aver-

age.

2. Station Description

The Station will consist of two sorters, X-ray and
Thickness, including the associated electronic racks.
It will be located in some convenient area between the
diced blank inspection loading table and the sorted
blank storage ares.

The working positions of the sorters are desk-type
consoles at which the operators are seated. Cartridges
containing unsorted blanks will be delivered to the X-ray
Sorter operator in racks conveniently placed. When
blanks of either 0.490” or 0.375” diameter are available
in sufiident quantities, the machine will be set to take
the appropriate size and the cartridges inserted into the
machine.

The blanks will be sorted automatically, falling
into similar cartridges at the output of the console. A
random batch of blanks of either diameter will be
sorted into increments of ZZ' angle, each increment
baving a spread of three minutes of arc. When the
cartridges of any output increment are filled, as can
e observed by the operator through the transparent
plastic case, the cartridge can be removed and an empty
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one substituted without stopping the machine, When
the input cartridge has been emptied, it can be rapidly
replaced by a full one.

The output cartridges containing the angle-sorted
blanks will be kept in order of angle increment and
passed to the thickness sorter operator, seated at a sim-
ilar type of console.

The thickness sorter will be capable of being set
to handle at least three ranges of thickness, each range
corresponding to one or more of the angle increments.
When 2 sufficient number of blanks in any range is ac-
cumulated, the machine may be set to sort that range.
The thickness sorter operator will then procecd to sort
the blanks in the same way as the X-.ray sorter op-
erator. Two of the preset ranges of the sorter will
cover a thickness spread of .006”, either from .0227
to .028” or from .030” to .036”. The remaining range
will cover .026" to .036" or a spread of .010”. (See Pro-
cess No. 27.) The machine will sort the .006” spread-
inputs into four output increments, each having 2 spread
of .002", and the inputs of .010” spread will be sorted
into eight outputs, also having a spread of .002”.

Altogether, there will be 55 types of output
cartridges, apart from rejected categories. A system
shall be provided for the thickness sorter operator to
keep the full output cartridges arranged in the proper
order as they are removed from the sorter. The various
outputs, now sorted into ZZ' angie increments of 3’ and
thickaess increments of .0027, will be sent to & storage
area as accumulated. Each of the 55 increments is
suitable for producing a spedific frequency raoge of
CR-23/U or CR-18/U crystals, and they may be so
labeled in the storage ares. .

The speed of the X-ray sorting machine is 43 blanks
per minute. Hence 14,900 blanks (average daily input)
can be sorted in 347 minutes. The input will be con-
tained in 150 or 200 cartridges, depending on the beight
to which they are fill d in the prior operation. Assuming
the larger number, and allowing 15 seconds to select
and replace the cartridge, another 50 minutes will be
added for a total of 397 minutes per day. Hence one
X-ray sorter will suffice for the eatire plant production.
The thickness sorters will operate at the rate of
40 blanks per minute, Approximately 200 blanks per
day will be rejected in the X-ray sorter so that an average
of 14,700 will be delivered to the thickness sorter. 368
minutes plus another 50 minutes for input cartridge
replacement, or a total of 418 minutes will be required
to sort these. One thickness sorter will be required.

3. Operator Tasks

The two sorter operators will be required to ob-
serve their machines while they are operating and to
change input and output crtridges. The time cono-
sumed will be equal to the machine time. Hence one
operator will be required to supervise each machine, o
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Stations G—H

a total of two for the Station. Changing machine settings
will be presumed to be the task of the maintenance
personnel, znd pickup of sorted cartridges will be hand-
led by storage room personnel. Hence these tasks will
not be charged to the sorter operators or deducted from
the available machiae time.

Summary:

Alin./day
Machine time (1 sorter) 397
Operator time (1 oper-
ator) 397
Machine Time (1 sorter) 418

Opcrator Time (1 oper-
ator) 418

X-ray Sorter and operator efficiency 83%
Thickness Sorter and operator efficiency 87%

X-ray Sorter

Thickness Sorter

4. Quantity of Material Leaving Station

14,600 sorted blanks will leave per day, packaged
in approximately 150 cartridges.

200 blanks per day are rejected in X-ray sorting.
100 blanks per day are rejected in thickness sortiog.

Machine Specifications
a. X-RAY SORTER

Purpose: To sort quartz blanks (round with an
orientation flat) into increments of ZZ' angle not ex-
ceeding 3’ spread.

Regiirements: A range of at least 35° 10’ to
35° 30’ (20 minutes of arc), speed of 43 blanks per
minute (either 0.375”7 or 0490”7 diam.), increment
width adjustable to 2 minutes of arc. Precision of
measurement approximately equal to 10 seconds of
arc (one sigma), assuming an error of up to 30’ on
flat orientation. (see Appendix 26-3.) Ability to handle
blanks in and out of special blank cartridges.

Visualization: The X-Ray Sorter developed under
this contracr meets these specifications.

b. THICKINESS SORTER

Purpose: To sort quartz blanks into increments
of 0027,

Reguirements: There is 2 wide range of spedfi-
cations which will meet the requirements, depending on
the number of increments or accuracy desired. Only
one is specified here. Range of .002” to .036” in no
more than three settings. Precision of measurement of
125 micro-inches (one sigmz), giving an output range
of .002” in each increment. (See Process 27.) Ability
to sort into not less than eight increments of nominal
width .000125%, plus two reject categories. Speed of
40 blanks per minute, and ability to sort either 0.375%
or 0.490” blanks (but not simultaceously).

Visualization: The external appearance and haad-
lingmechmismof:hesormwillbesimihttothe

74

X-Ray Sorter console. The machine may have specifica-
tions similar to the above, except that accuracy may be
traded for number of increments or spread (see above).
A photoelectric, air gage, electro-mechanical (e.g. dif-
ferential transformear probe) radiation or other con-
ventional measuring system will be able to accomplish
this task.

STATION H, LOAD LAP CARRIERS
Includes Processes 28, 33, 38, Load Lap Carriers

1. Material Entering Station

The incoming material is drawn from the Sorted
Blank Storage Area and from Station J, Frequency Sor-
ting, and coasists of blanks stored in plastic cartridges.
The average quantity of blanks and corresponding
cartridges entering each day are as follows:

Yable H-1

From Blanks Cartridges Ta_
Sorted Blank Storage 14,600 146 Primary Lap
Frequency Sorting 13,400 74 Secondary
(after Primary Xap) Lap
Frequency Sorting 12,300 66 Final Lap
(after Secondary Lap)

Touls 40,300 286

*2. Station Description

In this Station, quartz crystal blanks which are to
be lapped to frequency in any of the three lapping
stages are first loaded into lap carriers, as the carriers
(rather than the small, fragile blanks) sre more easily
handled and inserted into the Japping machines.

The lap carriers are thin metal platss containing
three or four holes (into which, respectively, 0.490 or
0.375 inch diam. bianks fit loosely) and equipped
around their drcumference with teeth meshing with the
lapping machine planetary gears. In this Station, the
blanks which have been previously sorted into plastic
cartridges are removed from them one by one, inserted
into the holes in the carriers, and fixed in place with
2 thin film of soluble cement. After the film dries, the
carriers can be easily handled, stacked in accordance with
job order, and delivered to the appropriate lapping

sage.

Basically, the Station as presently envisioned consists
of three machines to perform the above loading tasks
sutomatically, together with the necessary racks and
fadlities for temporary storage of cartridges and car-
riers. A single operator will be required to set up and
supervisethcmachina,insenmtridgs,mdwkup
separate and deliver the output to the correct lapping
substations. During the loading cycle, however, the
blanks will be handled from cartridge to carrier without
need for operator attention.
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The Station will be located adjacent to the Fre-
quency Sorter, and in the vidnity of the three lapping
stations.

From the Yield Table (see Appendix V) and the
discussion of Frequency Sorting (Station J), the oumber
of blanks and cartridges to be processed in an average
day’s production are in accordance with Table H-1
(above). Carriers for 3757 blanks have four holes
and those for .490” blanks have three holes. Using
the quantities stated in the Order Board for 2 monthly
production of 200,000 crystals (45.8%, with a diameter
of 0.375 in. and 54.2 of 0.490 in.) the average number
of blanks and cartridges to be processed in an average
of carriers to be filled per day is: :

40,300

3.46
A practical machine to perform the tasks outlined
will operate at the rate of one carrier per 5 seconds or

12 per minute. The active loading time of the machine
would then be:

=11,650 carriers.

11,650
12

In addition, some dead tims must be allowed
from che time 2 cactridge is emptied ¢o the time when
it is replaced by a full one. At ten scconds per
cartridge, the dead time from this cause would be

10

= 970 minutes.

285 x = 48 minutes (approx.)

Although the machine contemplated would be able
to load either three blank (0.490) or four blank (0.375)
carriers, the change-over from one type to another
would require some adjustment time. This time can
be minimized by so scheduling work as to load all of
one type for a day’s production at one time, before
switching to the other type. This implies a certain amount
of backlog (averaging one-half day's production), but
is consistent with the operation of other stations, prio-
cipally Frequency Sorting (Station K).

The total machine time required is then 970 + 48
= 1018 minutes per day and the theoretical oumber
of machines required:

1018
480
. With three machines, each will have an efficiency
of 7(”0.

3. Operator Tasks

A single operator will be able to tend three of these
machines, since the oanly direct time required is the 48
minutes of cartridge loading time. The remainder
of the operator’s time would be spent picking up
empty carriers from the lapping stations, inspecting

=21

Station H

them and feeding to the machine; delivering londed
arriers to the lapping station operators, together with
similar tasks relating to the handling and distribution
of blanks to be lIapped. .

Hence, his productive time can be taken as 420
minutes per day and his efficiency 88%.

4. Material Leaving Station—Yield

With proper machine design, there should be no
breakage of blanks, hence the yield is 1009,

The average number of lap carriers delivered to
cach lapping stage per day is as follows:

To Primary Lap 4220
To Secondary Lap 3870
To Final Lap 3560

Total 11,650

5.  Transfer to Next Station

Stacked carriers arranged in sequence of orders
and by machine load (16 carriers) and properly identi-
fied as to lapping stage and order, could be delivered
by any convenient means, such as hand-truck or conveyor.
Tote boxes or special fixtures to hold stacks of 16 car-
riers together with identification means are envisioned.
These may well incorporate features so as to make
them an aid to loading the lapping machines, analogous
to the plastic blank cartridges used throughout the
plant.

6. Machine Specifications
a. CARRIER LOADING MACHINE:

Purpose: Remove blacks from cartridges and
load them into lap carriers,

Requirements: Automatic feed of blanks and
carriers, accurate positioning of blanks in carrier holes
and indexing cf carriers to fill all holes.

Ability ‘to index either 3 or 4 hole carriers and
bandle .375 or .490 blanks; switching from one type
to the other in a minimum of time (not more thaa 5
minutes).

Automatic transfer of filled carriers to cement
application head, even application of thin film of cement,
transfer to drying area or conveyor.

Output rate averaging 10 carriers per minute.
Automatic stacking of dried, loaded carriers.

Visualization: Vacoum chuck handling of blanks
similar to frequency sorting mechanism, indexing table
for carriers, conventional conveying and stacking mech-
anism per “Requirements”. A machine requiring no
operator attention except for cartridge and carrier in-
sertion and selection of 3 or 4 hole carrier operation
is visualized. Operating speed should easily achieve
the required 10 carriers per minute.

73
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Stations 1-M

STATION 1, PRIMARY LAP
STATION 1. SECONDARY LAP
STATION M, FINAL LAP

Includes Processes 29, 34, 39, Lapping
Processes 30, 35, 40, Wash Blanks
Processes 31, 36, 42, Separate, Dry, Inspect
Blanks and Load Cartridges.

1. Incoming Material

The material entering each lapping station consists
of lap carriers loaded with blanks and stacked in ma-
chine loads (16 carriers), together with order tags or
other information indicating the degree to which they
are to be processed in that stage.

The average number of carriers entering each sta-
tion (at an average of 3.46 blanks per carrier) and the
number of corresponding blanks, (per day) are:

Table ILM-1

Carriers Blanks
Entering Primary Lap 4220 14,600
Entering Secondary Lap 3870 13,400
Entering Final Lap 3560 12,300

2. Station Description

2. PRIMARY LAP: This Station consists of six
lapping machines, three blank washing machines, and a
blank separation, inspection and loading area. The lap-
ping machines are a planetary, narrow-track type, mech-
anized so as to reduce loading and unloading time to 2
minimum. They are arranged so s to be easily serviced
by an operator who has no other task except to load the
machines with carriers and occasionaily change lapping
plates. They may be assigned singly or in groups to
work on different orders or may all work on the same
order, depending on production requirements. The
washing machines and blank separation are handled by
a second operator, and the inspection and loading into
cartridges by a third,

b. SECONDARY LAP: This Station is identical
to primary lap except that only four lapping machines
are required. .

c. FINAL LAP: Final Lap is also identical to the
other two stations except that five lapping machines are
required.

d. LAPPING MACHINES REQUIRED:

Let:

N = the number of lapping machines required
in agy stage of lapping

N’ = theoretical number of machines (at 1009,
efficency)

¢ = effidency level of machines (allowing for
operator personal time, maintenance, etc.)

C = total number of machine cycles required
per -hift

T = average cycle time at any stage of lapping
(minutes)

§ = maximum working time.per shift (480
minutes)

R = average thickness of quartz removed in a
lapping stage (inches)

L, = rate of quarz removal when lapping
0.490” dia. blanks in any stage (inches/min.)

L, = rate of quartz removal when lapping
0.375” dia. blanks in any stage (inches/min.)

F, = fraction of .490" blaoks processed in any
stage

F; = fraction of .375 blanks processed in any

. stage

Fy = fraction of blanks lapped with 8 micron
grit in final lap

F, = fraction of blanks lapped with 4 micron
gritin final lap

B = pumber of blanks processed per shift in
a stage

D = dead time per lapping cycle = u + p

u = time to load and unload lapping machine
pet cycle (min.)
= average time to change lapping plates per
cycle (min.)

¢ = number of lap carriers processed in one
lapping machine cycle

b = average number of blanks per carrier

The number of lapping machines required per stage:
2N CT

N = = —

e eS
and the number of machine cycles required per shift

c= B _ B
T bc T (3F; + 4Fy)c

(since there are three blanks in a 0.490” aarrier and four
in 2 0.375" carrier).

In’the machine being considered, 16 carriers will be
processed per cycle, hence:

-B
] 16 (3F,, + 4F,)

A single abrasive grit size is to be used for all blanks
in the first lapping stage. This is also true of the second
stage. Thus the average lapping time for either of these
stages is:

C=

RF,
———+D
1y
where L,, L, T and R are different for first and second
stages. For the third lapping stage, two abrasive sizes
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(8 or 4 micron) are used, depending on whether the
blanks are for CR-18/U or CR-23/U crystals,

The average lapping time for the entire third stage
is:

RF, RF., RF, Rrg)
T=(— 42 —t F, + D
(L, *tn )F“+(L, S B

8 4p

where the quantities in the first parenthesis apply to 8
micron and those in the second to 4 micron abrasive.

The number of machines for the first and second
stages of lapping can be expressed as:’

Nl,:

and for the third lapping stage:

N B F, + F.
T T 16eS (3F, + 4FH\L, L.

(B2 E)ge, + D
L, L. *

4

RF, 4

8x

where the appropriate values of L,, Ly, and R are used
for the abrasive size.

= i (F'+F=)R+D
T 16eS (3F, + 4F)Q\ L, = L.

Stations 1—M -

In the section on Process 29, 34 and 39, the relation
between rate of quartz removal and abrasive size for a
given top plate weight and machine speed (rpm.) is

* discussed. The values for F,, F., F,, and F, are derived

from the Order Board in the Appendix. B for each
stage is stated in paragraph 1. above, and is repeated in
the table below. The shift duration S is taken as 8
working hours or 480 minutes throughcut this report.
The value of D, the cycle dead time is estimated as fol-
lows:

D=u+p = 133

where u = load/unload time, taken as 1.0 minute

time t6 change a set of lapping plates

~ number of cycles before conditioning

2 min 0.33 mi
* = 0.33 minutes
G cycles

Finally, a trial value of e, the lapping machine

utilization efficiency, is taken as 0.85.

Substituting in the above equations, the values for
the appropriate stage and abrasive grit size (given be-
low) and for ¢, S and D:

L

..4
P "' .
o L un ot 8 d B g A 2

Primary

Table 1LM-2

Secondary

Abrasive size (Microns) 25
F, (.4907) 542
F. (3757) 458
F; (CR-18/U) -
F, (CR-23/U) -
R (inches) 0162
L, (inches/min). .0020
L. (inches/min). .0026
B ) 14,600

we obtain the following values of N.

14,600
6528 (3x .542 + 4x .498)

N, =

For Primary Lap: [ (

Secondary Lap:

13,400 [( 542 458
N. = +
2 22,550 0005 0006

542 +
.0020 0026

4S8 .
> ) (.0162) + l.33]= 5.55, say 6 machines

(.0030) + 1.33] = 4.1, say 4 machines
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- Stations 1-M ‘
Final Lap: )
S N, o 123% 902 98\ o5 x 60) + o, 1 . .
B 3 = 22550 0002z | 00026 ) x 60) 1000055 .000067) (:0005 x .40) + 133 i
F‘ I ¢ . )
DU = 4.6, say 5 machines
7 The pertinent information regurding each lapping:
. stage is summarized in Table ILM-3 (below).
: Table ILM-3
3 i Lapping Stage ) -
Primary Secondary Final .
1 Blanks lapped/day 14,600 13,400 12,300 N
Carriers entering stage 4220 3,870 3,560 :
Machine cycles/day (16 carriers) 264 242 223
b E Average lapping time/cycie 7.22 min. 5.54 min. 7.02 min. ’
. % Average dead time/cycle 1.33 133 1.33 .
3 { Average cycle time 8.55 min. 6.87 min. 8.35 min.
4 11 Theoretical (8 br.) cycles/day/machm’ e 56.2 69.8 57.5
E z . Theoretical No. machines (8 hr. use) 47 3.5 39
! } No. machines used 6 4 ) 5 ‘
23 ‘1 Theoretical cycles, actual machines used 337 280 287 .
- j‘ Machine efficiency (% utilization) 78.5% 86.5% 77.5% -
= -
3 3 The factor u, load/unload time, is somewhat ar- The washing is envisioned as being done in an auto- )
3 bitrarily chosen, although it appears to be within the matic machine, designed for rapid loading and unload- R
{ capabilities of a briefly trained operator with the present ing, and having an internally timed cycle. The machine
lapping machine conception. will wash, but not dry the blanks, and the liquid will be -
. . agitated rather than the basket in order to minimize
chin;rfi;iceig:cc;(i’: sd;g;r:?; “’:;‘;e:nggx d;i&ﬁmef’:;":‘: breakage of the blanks. A cycle time of four minutes -
graph in that Appen dix, it can be seen that the total dead appears to be practical as 2 result of our experiments.
1 time (load/unload plus lappiog plate replacement) in - .
{ Primary and Final Lap, can fise to well over 2 minutes are The.baskets containing blanks ready for .wgshmg
. . . wili be picked up at intervals by an operator assigned to
ber qyede without affecting the pumber of macWnet his rask. He wi inee them into one of the three
chosen, nor requiring over 8807, efficiency (7 hours use . . . .y s
: . washers, which will start automatically when the lid is
per shife) In Secondary Lap the total dead cime can closed. The machine will £ uire ro further attention
rise to 1.5 minutes without requiring an increase in ma- or . q . -
p . untdil the cycle is completed and the lid automadically
i chines or over 89% efficiency. opeaed.
: e. BLANK WASHING MACHINES: On com-
] pletion of a lapping cycle, the blanks, carriers, and abra- The clean baskets will be removed by the same op-
., . sive are mechanically wiped into & removable basket erator, the carriers separated from the blanks, and the
’ which is located at the center, of the lapping machine. blanks placed by the operator on drying and inspec-
] This basket will be removed by the lapping machine op- tion conveyor. To assist in the inspection task, the
k erator, placed on 2 rack to one side, and 8 clean washer operator will be responsible for placing the clean
basket inserted for the next cycle. The blanks must be blanks separately on the inspection conveyor. This may
e washed in trichloroethylene, separated from the carriers, be accomplished in various ways, perhaps by inverting
- ' dried and inspected. The carriers are returned to the the basket over an adjacent clean surface and sliding the
Carrier Loading Station, and the baskets to the lapping blanks onto the conveyor. The task does not appear at
;::? i operator. present to be practically capable of mechanization.
Tt 78 i
- i
£
£
’;_ va’—w_...———————'—'—’__‘.————-——"—_’_—’_ - . -~
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The number of washing machines required is pure-
Iy a function of the total machine cycles in any lapping
stage. At four minutes per basket, the theoretical out-
put per washer is:

480
<= 120 baskets per day

therefore the following numbers of machines will be
used for each lapping stage.
Table iLM-4
WASHERS REQUIRED
Secondary

264 242 223

Primary
Total baskets/day
(avg.)
Theoretical machines
required 220 2.01 1.86
Actual machines 3 3 3

Efficiency 73.5% 1%, 629,

f. BLANK INSPECTION AND LOADING: At
present, the process of inspection of blanks (for cracks
and large chips) does not seem to be easily made suto-
matic, but since inspection is a necessary measure te pre-
vent further processing of blanks likely to cause crack-
ups, some mechanization is eavisioped to allow the
required number of blanks to be handled. The blanks
must be loaded into cartridges after inspection for de-
livery to the sorter. Since they must be separated from
cach other both for inspection and cartridge filling, this
suggests a conveyor terminated by a removable cartridge
into which the blanks slide. It has beea found also that
the blanks are most easily inspected if placed on a trans-
Iucent surface illuminated from beneath. Tids further
suggests a translucent belt oo which the blanks are
placed (by the washer operator), which cravels through
a drying station (infrared lamps), over a source of
illumination placed in front of the inspector, and into a
loading hopper which guides the blanks iato 2 cartcidge.

It is also necessary to see that blanks are kept
separate as to job order when they are loaded into
cartridges. If several orders are being processed si-
multaneously in a lapping station, there should be a
corresponding number of cartridges which are being
loaded. To relieve the inspactor of the task of keeping
the orders separate and to allow him to concentrate on
the task of rejecting defective blanks, there should be
several narrow belts, all passing in front of the inspector
and cach terminating in a different cartridge. Thus the
washer operator, who can keep track of the lapping ma-
chine from which each basket of washed blanks origi-
nates, and hence knows which baskets correspond to the
same job order, can take the responsibility of placing
the blanks from these baskets on the correct belt seg-
ment.

Declassified in Part - Sanitized Cop

Stations I—M

The inspector will thea examine the blanks which
flow past him (over the illuminated arez) and reject
those defective by deflecting them from the belt. To
aid him in this task the belts may be equipped with re-
jection gates which will slide a blank to be ejected from
the belt and into a scrap container. The gates may be
electrically operated by means of push-buttons at the
inspector’s station. As a result of further studies, other
inspection aids may prove necessary, for example optical
prcjection or magnification of the blank image to more
readily reveal defects. The inspector will be responsible
for removing the carr=idge when full and replacing them
with empty ones, also for filing full cartridges in racks
according to the order ticket. When the order being in-
spected on any belt is changed, the inspetcor must also
change cartridges. He can be notified of this change by
the blank washer (for example by means of a colored
tag placed on the belt), who in turn will reccive the in-
formation from the lappicg machine operator. The
cartridges are considered full whea the height of blanks
reaches 2-3/4 inch. An automatic alarm may be incor-
porated to signal this event to the inspector.

3. Operator Tasks

a. LAPPING MACHINE OPERATOR: This op-
crator has two major tasks, loading and ualoadicg the
lapping machines and changing lapping plates. The
time allowed for the former was 1.0 minute and for the
latter, 2.0 minutes each six cycles, for a total of 1.33
minutes per cycle. Heace the operator of each lapping
stage has the following utilization .

Table ILM-5
LAPPING OPERATOR
Lapping Stabiom

Primary Secondary Find
No. cycles/day 264 23
Active time/
cycle (mir)
Total time/
dasy (min)
No. operstors 1 1
Efficiency % 738 s

The unused time of the lapping machine operator
may be partly allotted to working between machines and
to possible lack of synchronism between the machines.
He may also assist the washer operator by transferring
dirty baskets to the washers.

b. WASHER OPERATOR: This operator has two
major tasks, to pick up dirty baskets and place in the
washer, and to remove clean baskets and scparate the
blanks and carriers. With the contemplated set-up,

blanks should be removed and slid on the inspection
belt at a rate of better than one per second (there is

133

299

an
79
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Stations 1-M

average of 55.3 blanks per basket). Allowing 1. min-

ute to remove 2 basket and separate blanks and carriers, -

and 0.6 minute to return clean baskess and pick up dirty
ones, the washer operators will be used as follows.

Table ILM-6
WASHER OPERATOR

Lapping Statiom

Primary Secondary Find
Baskets/day 264 242 223
Washer loading
time/basket
(min) X 0.6 0.6
Separating time/
basket (min) . 1.0 1.0

Process time,

basket (min)/ 16 16
Total time/
day (min)
No. Operators 1 1 1
Efficiency % 88 81 74.5

Time not allocated above will be spent in stacking
carriers to be returned to the carrier loader station and
in miscellaneous housekeeping tasks (e.g. basket ar-
rangement).

c¢. BLANK INSPECTOR: This operator inspects
each blank and rejects those with defects, also changes
cartridges at the cartridge loading end of the machine
and keeps them arranged in racks by job order. The
average time to inspect, and if necessary, reject a blank

388 357

may be taken as 1.7 seconds (35 per minute). Cartridge

changing and filing will require about 15 seconds. The
inspectors’ utilization is summarized in the table below.

Table ILM-7
BLANK INSPECTOR
Lapping Statiom

Primary Secondary
INSPECTION
Blanks in-
spected/day
Inspect-reject 1
time/blank (sec) 7
Rejects/day

(Note 1) 600 600
Inspection time/

day (min) - 380
CARTRIDGE

LOADING

Blanks loaded/
day

14,600 13,400

1.7

14,000

Avg, blank
thickness (Note 2)
Blanks/
cartridge (2-3/4")
Cartridges/day
(Note_3)
Time to change
cartridge (sec)
Total cartridge
time/day (min)
Total time
operator (nfi:) 429
No. Operators 1 1
Efficiency % 89.5 82
Notes: (1) Sce paragraph (4.), this section

(2) From Freq y Chart, Appendix IV

{3) Assumed 3 to 4 partially full cartridges per day

owing to order changes.

0108~

250

60

15

135

Table ILM-8
SUMMARY OF LAPPING MAN-MACHINE SYSTEM

Lapping Stage Primary
Blanks Processed/day 14,
Lapping Machines
Machine Efficency 9
Lapping Operators
Operator Effidency %
Blank Washers
Washer Efficiency %
‘Washer Operators
Operator Effidency %
Inspection sub-stations
Inspectors
Operator Efficiency %

Total Operators
Blanks produced per man-day

duBndad
N

w

§w§-8~

~

Secondary
13,400
4
86.5
1
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4. Material Lecving Station—Yield

The estimated yield of each of the Lapping Pro-
cesses is 929, of which the faulty blanks will be divided
approximately as follows:

Blanks per Day
Primaery Secondary Final
Cracked, 2% 300 300 250
Chipped, 2% 300 300 250
Dead, Not
Previously
Rejected, 1% 150 150

High or Low
Frequency, 3% 450 450

1200 1208 1000

Of these, only the first two categories will be re-
jected in Inspection. The remaining defective blanks
will be rejected in the next operation, Frequency Sort-
ing. The output of Station I is 14,000 blanks per day,
Station L 12,800 blanks/day; and Station M 11,800
blanks/day; stored in cartridges according to job order.

5. Transfer to Next Station

The cartridges are temporarily stored in racks at
the output of the Inzpection Belt, and are picked up at
intervals by the operator of the Frequency Sorter, al-
ternately they may be mechanically conveyed to the
Frequency Sorter.

6. Machine Specifications
2. LAPPING MACHINE
Purpose: Lapping of blanks tc desired frequency.

Regquirements: A single type of machine will be
used for all lapping stages, hence the machine shall be
capable of adjustment or modification to operate ef-
ficently with all zbrasive grit sizes from 25 to 4 microns
and with all blank diameters to be used, and shall pro-
duce good crystals for all frequencies between 4.3 and
54 mc.

Rapid and easy separation of upper and lower lap-
picg rings (possibly power-driven), to permit insertion
of loaded carriers or change of lapping plates.

Simple means of injecting solvent for dissolving
loading cement and lapping compound (possibly auto-
matic).

Radio-frequency monitoring of crystal frequency
during lapping (possibly spread also), automatic shut-
down of lapping power when preset frequency is
reached.

Powet-driven removal of blanks and carriers by
wiping them into a central basket. This to be accom-
plished without damage to bleaks, The above functions,

Stations I—-M

including insertion of the carriers, are to be mechanized
so as to be accomplished within one minute by unskilled
operators having no more than two wecks traiaing.

The machine shall be constructed so as to prevent
the occurrence of crack-ups, excessive thickness spread
or angle shift, and shall in general produce blaaks of a
satisfactory quality at a high lapping rate.

Visualization: The machine will be of the plane-
tary-lap, narrow-track type, with automatic and powered
features as described under “Requirements”. The plane-
tary gear ratio shall be adjustable so as to produce con-
vexity as needed in the final lapping stage for those fre-
quencies which require it. A separate carrier dispenser
will be provided, if necessary to meet the loading time
requirements, The machine will be equipped with
change-gears and adjustable top plate loading so as to
permit the optimum combination for lapping speed and
crystal quality in each stage.

b. BLANK WASHER

Purpose: to remove 2ll traces of abrasive from
crystal blanks, after iapping.

Reguirements: The machine will accept baskets
of blanks as removed from the lapping machines, and
subject them to a completely automatic washing cycle of
aot.more than 4 minutes duration.

Visualization: A floor-mounting machine, loaded
from the top, with a timed washing cycle initiated by
latching a spring-loaded lid. Automatic release of the
lid will signify the end of washing. A liquid trichloro-
ethylene spray is eavisioned for removal of the com-
pound.

c. INSPECTION SUB-STATION

Purpose: to provide a means of separating, dry-
ing, inspecting, and loading blanks into cartridges fol-
lowing washing.

Reguirements: A movable conveyor belt capsble
of carrying blanks from loading station, through » drier,
inspection station, and into a cartridge-loading terminus.
Means for kecping blanks of different frequency orders
separated and in differeat cartridges.

Visualization: A conveying belt capable of trans-
mitting light, divided into three ot more tracks, on which
the blanks from different lapping machines may be
loaded. The drying station is pictured as a short tuanel
lined with small infrared lamps. The inspection station
will consist of a section of belt illuminated so s to ac-
centuate the blank defects. Blanks, if defective, will be
rejected from the belt manually, or by gates operated
by keys under the operator’s control. If necessary, op-
tical magnification shall be provided at this station to
permit closer inspection of the blanks. The blanks not
cjected shall be conducted to a chute terminated by a
holder accommodating the standard plastic cartridges
used throughout the plaat.
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Stations M’—J

STATION 24, CONTOURING
Includes Process 41, Contouring

1. Material Entering Process

CR-18/U blanks fcz frequencies between 4.3 and
7.5 mc., amounting to 3690 per day on the average Order
Board distribution, will be contoured after leaving the
Final Lapping Process (Station M).

2. Station Description

The Contouring Station will actually be a part of
the Final Lap Station (M) and will be located in the
same acea.

Blanks from Station M will be taken from the in-
spection sub-staton and manually loaded into 2 con-
touring apparatus. For purposes of illustration, it will
be assumed that bowl-polishers =ill be used, each ca-
pable of contouring three blanks at & time on one side.
An equivalent type of machine may be substituted. (Sce
Process 41.) Available data indicates that the machines
may be manually loaded and blanks contoured to suf-
ficient depth in an average of 45 seconds per side. (The
time will vary according to the frequency and amount of
contouring.) The equipment will be shut off automat-
ically, either by timer or by frequency monitoring.

1.5 minutes will thus be required to contorr three
blanks on both sides. The machine time needed will be

1.5 .
3690 x ——3—- = 1850 minutes

and the theoretical number of machines for one shift is
1850
480

Five machines can be used with an effidency of
77%.- ln the event that blanks over 7.5 mc. require this
type of contouring, the efficiency will be greater.

= 3.85 machines.

3. Operator Tasks

One contouring operator will be needed for each
machine envisicaed, for a total of five. Operator ef-
ficiency will be the same as the machine, or 77%-

4. Material Leaving Station

3600 contourcd blanks per day will leave on the
average. These will probably be unloaded into baskets
similar to those used in the lapping machines so that the
same type of washer is applicable, several machine loads
being placed in one basket.

s. Transfer to Next Station

Baskets will be manually inserted in the washers by
the contouring operators.

Declassified in Part - Sanitized Cop

6. Machine Specifications

(No firm specifications can be established since the
contouring method is still under study. However the
time limitation; e.g., 0.5 minutes per blaok, will be met
regardless of method.)

STATION J, CONDITION LAPPING PLATES

1. Material Entering Station

“This Station is an auxiliary to Stations G, K, and L
(the three stages of Lapping), with the sole purpose of
reconditioning lapping plates from the machines of these
Stations. Hence, no quarz enters this area for treat-
ment.

The incoming material consists of the lapping
plates from the above Stations, which have been used to
an extent that they are no longer flat and smooth, ot
contain scratches and the like.

The number of plates requiring reconditioning de-
pends on the number of cycles accomplished in each cf
the three lapping stages, which will average:

270 per day for Primary Lap
243 per day for Secondary Lap
228 per day for Final Lap

741 per day for the entire plant

It is assumed that, on the average, the plates must
be reconditioned every six lapping cycles, although this
figure will vary for the various stages owing to the dif-
ferent grit sizes, lapping time, and similar factors,

As two plates are used simultaneously ir. the lap-
ping machines, the number of plates requiring recon-
ditioning per day is

1
%— x 2 = 247 plates per day.

2. Station Description

The Station consists of four conditioning machines,
each capable of bandling four plates simultaneously.
They are located so as to be accessible to all three lap-
ping stations.

The number of conditioning cycles required per day
is

247
e = 62 (approx.)

Assuming & 30 minute reconditioning cydle, the
theoretical number of machines ngcded is
62 x 30/480 = 3.9 (say 4 machines)

But if the machines are used at 90% efficency
(432 minutes per 8-hr. day), the total machine time
available is
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4 x 480 x .90 = 1727 min,
Hence, the available time per cycle is
1725
62
If two minutes are required to load and adjust the

four plates (machine dead time), the actual condition-
ing time is reduced to 26 minutes.

= 28 minutes (approx.)

Although our present practice is to recondition
plates for 30 minutes, it is believed reasonable to ex-
pect a possible reduction to 26 minutes with further
increase in efficiency and better technique. In this case,
a total of 4 machines at 909 efficiency can perform this
task,

3. Operator Tasks
To load machines

To collect and return 247 plates
from the Lapping Stations 296

420 min/day

62 x 2 = 124 min,

Operator efficiency

420

w0 2%
No. operators 1

4. Transfer to Next Station

The plates will be returaed to the Lapping Stations
by the conditioning machine operator. (This cperation
and that of pick-up may be conveyorized, if required.)

5. Machine Specifications

The conditioning machine is envisioned as being
similar or equal to the 36" diameter Crane Lapmaster,
without significant modification.

STATION K, FREQUENCY SORTING

Includes Processes 32, 37, 43, Frequency Sorting

1. Material Entering Station

The material entering Station K consists of all of
the crystal blanks which are lapped, washed, inspected
and stored in cartridges in the Primary, Secondary and
Final Lapping Stations (I, L, M).

Frequency sorting is a means of reducing the spread
of frequency (or thickness) of blanks being lapped to a
particular nominal frequency. After Primary and Sec-
ondary lapping, the plant schedule aails for 2 reduction
in spread by a factor of five, hence the blanks from these
stages are sorted into five equal frequency increments.
In Final Lap, the spread of outgoing blanks is to be the
same as those eatering; therefore, only one increment is
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Stations J—K

required. In each sorting stage there are also two re-
ject categories; one for high and one for low frequeacies.
Dead blanks will be sorted into the low frequency cate-
gory and so be rejected.

The following quantities of blanks constitute the
average daily input:

Table K-1
INPUT TO FREQUENCY SORTER

No. of Cartridges—
From Station (minimum) No. of Blanks

G (Primary Lap) 60 14,000
K (Secondary Lap) 45 12,800
L (Final Lap) 3s 11,800

Totals 140 38,600

2. Station Description

The Station coasists of a single machine and work-
place—the Frequency Sorter—which is centrally located
as to be accessible to the three lapping areas. The Fre-
quency Sorter includes two electronic racks, into one of
which the nominal frequency and increment values are
preset, and which can be time-shared with one or more
feed-sort consoles which mechanically handle and sort
the blanks. Adjacent to the feed-sort console will be
cartridge racks in which the sorted and unsorted blanks
can be temporarily stored in accordance with job order
and frequency increment.

The process of frequency measurement and sorting
is automatic and proceeds at the rate cf 120 blanks per
minute, once the console operator has selected the nom-
inal frequency corresponding to the job order and lap-
ping stage and has inserted a full cartridge iato the ma-
chine. The operator’s subsequent task is to monitor
the machine and to change the output cartridges (cor-
responding to the sorted frequency increments), remov-
ing a full cartridge, storing it in the proper rack, and
inserting an empty one. This caa be done without stop-
ping the machine.

In addition, full input cartridges of the same nom-
inal frequency can be substituted for empty ones with
only momentary stoppage of the sorting action. On the
other hand, shifting to a new nominal frequency re-
quires that both the input and all output cartridges be
changed and stored, in addition to selection of the new
preset frequency and changing the sorter head air-gap
width.

The Maximum Order Board (see Appendix I)
calls for 49 separate orders (crystal unit frequencies)
per month, or roughly, 8 orders per each of 20 working
days. With each crystal unit nominal frequency there
are associated three other frequencies, one for each
stage of lapping. Hence, the npumber of frequency
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Station K

changes which must be preset daily into the sorter is
24. Of these, at least three (and their corresponding ia-
cremests) must be stored in the electronic rack at any
one time, since there are three stages. Any of these
three preset frequencies (and increment widths) can be
selected by the sorter operator from the console. If
two or more orders are to be processed at once, more
presets can be added. The preset frequencies may be
changed by the foreman or maintenance technidan on
the completion of an order in any lapping stage without
interrupting sorting action on other preset channels.

Since the Frequency Sorter output depends not oaly
on its speed during sorting, but also on the time re-
quired to change frequency, it is necessary to have some
concept of how many times the operator will be required
to perform this operation, That is to say, 2 minimum
backlog of inserted blanks will be accumulated, so the
number of frequency changes will depend largely on
the relation between the theoretical sorting rate and
the intervals at which the various lapping stages ac-
cumulate a full cartridge. These times are given in
Table K-2:

Table K-2
FREGUENCY SORT PARAMETERS

Blanks per Avg. Osutput Rate Time to Accumulate Time to Sort
Cartridge Blanks/min. Fzull Cartridge (min.)  Cartridge (min.)

Primary . 250 333 7.5 .21

Secondary 315 ’ 30.5 10.6 2.6
Final 360 28.1 12.8 3.0

TP .
LT o e

Computation of the number of frequency changes
per day from the-~ data is not straightforward,. How-
ever, & graphical means has been devised which indicates
the number of frequency changes which might be ex-
pected. Appendix K-1 is an exampié of such a graph
wiich has been used to study sorting problems.

The results of several trials indicate that most cart-
ridges sorted must be chosen from a different lapping
stage than that- previously sorted; in other words, the
machine keeps up with production or slightly ahead of
it, and the operator does not have the option of choosing
between several full cartridges waiting to be sorted.
This means that the nominal sorting frequency (dif-
ferent in each lapping stage, even though all stages
work on the same order) must be changed for nearly
every cartridge. Accumulating a backlog, undesirable
from other standpoints, is also not very helpful, since
the machine will eat up the backlog at 2 high rzate if it
is not required to change frequeacy. Thus, the effect
of starting on & new order is not great, since in most
cases the frequency must be changed anyway.

Quantitatively our results show that on the average,
out of 140 cartridges sorted (an average day’s produc-
tion), 111 are of a different nominal frequency thaa the
previous one, Assuming that one minute is required to
make the frequency change, the total time to sort 140
cartridges or 38,600 blanks is as follows:

Actual sorting time 225 = 322 min.
120
111 frequency changes at 1
min./change 111

29 cartridge inputs with no frequency
change, at 1/6 min./input (approx.) S

Total Time 438 min.

The machine efficiency is % = 919,

on the basis of total time in use, and one feed-
sort console is sufficient.

Note: It is also required to handle different size
blanks (0.490 and 0.375 in. diam.), which necessitates
changing the sorter head. Since this task is unsuitable
for the soricr cperator, two alternatives are possible with
the present machine concept. Either two sorting con-
soles {time-sharing the electronic units) may be utilized
(one for cach blank size), or production may be sche-
duled so that one blank size will be sorted for at least
one-half day. Since the latter course does not appear to
unduly affect production rates or delivery time, it will
be assumed possible.

Because the sorter operator will not have time to
collect the 140 cartridges daiiy output of the lapping
stages, either anotber man or a conveying system is
required. Since it is clear that a conveying system is
practical, the details of bandling being outside the
scope of this study, its use will be assumed.

3. Operator Tasks

One operator is required to insert and remove
artridges, change frequencies and keep the various
orders and increments in proper sequence. The operator
will be required to spend full time at the console,
therefore, his utilization is the same as that of the
machine:

1 Sorter Operator 438 min,
Operator Efficiency 91,
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4. Quantity of Material Leaving Statlon

Xf large orders are processed, for every full cartridge
entering the sorter, one full cartridge will leave, even
though the incoming material is broken down into
increments. If the order is not sufficiently large to
reach a “steady state”, mote cartridges will leave than
enter the sorter, since some will be partially filled.

For example, if an ordsr consisting of only one
cartridge is sorted into five incremeats, five partially
filled cartridges will leave the sorter (assuming there is
at least one blank in every increment). An inspection
of the size of small orders in the Order Board indicates
that for orders less than five times the cartridge capacity
of the previous stage, four partially filled cartridges will
leave for every one sorted. From the Order Board,
there are 70 orders per month which are less than five
times the primary lap cartridge capacity, and 104 per
month less than five times the secondary lap cartridge
capadity, or 3.5 and 4.2 daily orders respectively, based
on 20 days per working ‘wooth:

Station K

Output cartridges to Second Lap
60 + 4(3.5) = 74

Output to Final Lap
45 + 4(5.2) = 66

Output to Final Etch(1) 35

Total Output 175 cartzidges
(less rejects)

Note (1): Sorting is only into “good” and “'reject”
categories following the Final Lapping stage.

In addition, there will be two reject cartridges in
cach stage for every order processed, since the small
number of rejects precludes filling a cartridge on one
order, and because the rejects will not be mixed. There
are approximately 8 orders per day (maximum), so that
the number of reject cartridges is:

8x2x3 =48

The sorted blanks going to each station are equal
to the number from the previous station, minus the
*dead”, “high” and “low” frequency rejects, according
to the following table:

Table K-3
DAILY OUTPUT OF FREQUENCY SORTFR (AVG.)

Sorted
Cartridges

To Seccndary Lap 74
To Final Lap 66
To Final Etch 35

Total 175

Rejects
Blanks Cartridges

13,400 16 600
12,300 16 500
11,300 16 : 500

37,000 48 1,600

5. Transfer to Next Station

The cartridges containing good blanks (tue first
column of the table above) are conveyed to the indicated
station manually or by conveyor.

Disposition of zejects has not been determined.
However, they will probably go to storage for possible
inspection and salvage.

6. Machine Specifications
a. FREQUENCY SORTER

Purpose: to measure the fundamental resonaat
frequency of cleaned blanks as received from various
stages of lapping, and to sort them into the required
number of frequency increments.

Requirements:  Automatic measurement and
sorting f blanks from input to output cartridges at the
rate of 120 blanks per minute, :

Sorting into at lcast five increments plus two reject
categories— high and low (or dead).

Capability of storing nominal frequencies (and
associated increment widths) which the operator may
select from a single control at the console,

Ability 2o change from one stored nominal fre-
quency and increment to another (at the console) within
approximately one minute,

Ability to change between sorting of 0.375” and
0.490” diameter blanks within 2 reasonable time (less
than ten minutes), either by means of interchangeable
blank holders or by ability to switch between two feed-
sort consoles.

Reliable accuracy of measurement (Af) to 9.01f*
kilocycles (where f is the fundamental frequency in
megacycles).

Visualization: A machice has been designed and
constructed under this contract which should perform
the required operations in a manner equal to or better
thaa the above “Requirements”. The machine consists
of a console (Fced-Sort unit), containing an oscillator,
crystal bolder, feed mechanism and sorting mechanism
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Stations K—N

to store crystals in increments, a Selector containing
electronic equipment to measure frequency and control
sorting, and a Control Panel (in a rack) to set in nom-
inal frequency, increments, etc.

The machine also includes automatic testing, which
checks unit operation whenever 2 cartridge is removed.

STATION N, FINAL ETCHING

Includes Process 44, Etch Holder Loading
Process 45A, Degrease Etch Holder
Process 45B, Final Etching
Process 45C, Blank Drying

1. Material Entering Station

The incoming material consists of frequency-sorted
blanks stored in plastic cartridges, lapped, and sorted to
a frequency spread (6 sigma) of 0.2f% A toual of
11,300 blanks per day will be processed on the average,
equivalent to approximately 115 holders.

2. Station Description

The Station copsists of an etch holder loading
machine, 2 degreaser, the final etching machine proper,
and a drier. The design and arrangement of machines
will be such that only one operator will be requirid to
transfer etch holders within the station and to operate
the etching machine. The holders will be molded or
machined Teflon and contain 100 slots in which the
blanks can be inserted edgewise.

The blanks will be removed from the cartridges
and inserted into the holders by means of a machine
similar in princple to the blank handling portion of
the frequency sorter.

The loaded bolders will be placed in temporary
storage (e. g., 8 wheeled cart) and conveyed in batches
of ten to a degreasing machine. 115 holders per day
will be handled in the degreaser and subsequent proces-
ses, it being deduced from a study of the Maximum
Order Board that an average of six holders per day will
be less than completely filled, owing to fractional parts
of an order amounting to less than 100 blanks. The
degreasing machine may be similar to a commercial
type. It will have a capacity of 10 bolders, a cycle of
30 minutes, plus 6 minutes foad/unload time, or 133
holders,'day. Trichoroethylene vapor will be used for
the degreasing process. The floor space required is
approximately 3 feet by 8 feet. The machine will be
manually loaded and unloaded by the operator.

The Final Etch Machine is conceived as a rotary
machine. It will be an intermittent transfer machine,
completely automatic except for loading and unloading.
The theoretical capacity will be 240 holders per day, ot
3000 blanks per hour. A complete cycle will require 36
minutes (0.6 hours). The machine will have 18 posi-
tions, each basket dwelling 2 minutes at each position.

Etching time will be sct to one of two pre-sct values
for each holder, the time value being selected by the
operator in accordance with the type of crystal blank
(CR-23/U or CR-18/U) indicated by the job ticket. The
output of the machine is one basket every 2 minutes
regardless of actval etching time set. The floor space
required is approximately G4 square feet (9 feet diam-
eter). Because of the toxic nature of the etchant (HF),
a ventilating system will be required. The density and
temperature of the etchant solution will be monitored
and adjusted by continuous automatic devices. In addi-
tion to HF, the machine will require trisodium phosphate
and 39, ammonia solution. (These solutions will be
moritored and brought up to strength daily.)

Rinse water must be demineralized, and will be
provided by an adjacent machine similar or equivalent
to commercial types manufactured by the Barnstead
Still & Sterilizer Co. It will have 2 maximum capacity
of §0 gals. per hour of which 870 gals. will be supplied
to the Etching Machine, A storage tank containing
500 gals. will be provided. The demineralizer will
require an additional 45” x 307 of floor space.

The drier will be a continuous device, capable of
holding 15 Tefion etch helders, and may be visualized
as » tunnel lined with radiant heaters, equipped with
conveyor roller inside and on the input and output
ends. The etch holder baskets will remain in the
tunnel for thirty minutes, resulting in a maximum output
of 240 baskets per day, adequate to handle the average
load.

3. Operator Tasks
At the maximum machine rate of 1 holder processed
every 120 seconds, the operator will have the following
tasks:
Est, Time (Sec.)
1. Select cartridge, read job ticket 10
2. Remove empty cartridge from losd-
ing machine, insert new cartridge 10
3. Remove full holder from losding
machine and place in cart, ]
4. Insert empty bolder from cart. 7

s. Insert degreased boldex in etch
machine. 10

6. Set timer to positioa 1 oc 2. s

7. Unload etched blanks, put bolder
in drier, 10

Total 60 sec. per bolder
- 1.0 min.

In addition, the operatoc has the fol-
lowing tasks:

8. Load/unload degreaser (6 min pex
batch of 10) =

9. Retrieve empty bolders from pext
station. (5 min. per batch of 10)

Total

e AN et Vb NI
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Station N

115 x (10 + 1.1) = 232 min. Automatic cycle with 30 minute timer,
1

Operators Required
Operator Efficiency 51% c. FINAL ETCHING AND CLEANING
MACHINE

Material leaving Station—Yleld Purpose: to clean final fapped quartz blanks
before etching, etch to frequency with hydrofluonc

Nearly 100% of blanks may be expected to be sd cl dd cEed blanks.
etched within tolerance, and no lo ed for this acid, clean and dry €(ca¢

reason. Owing to the number of times blanks are :
handled, a handling loss of 100 pet day may be assumed, Copacity: 30 holders or 3000 blanks per hou.
hence the yield is 99.1%, 115 bolders containing 11,200 , .,
good blanks will be delivered to the next Station (Base rotary Qﬁ;u‘:::i agg:i;gx:t"e‘ly
Platiog)- 18 positions. Holders remain

minutes, hence
5. Transfer to Next Station per two minutes. Three positions
etch tank, and controls pxovidcd so that the holder can
be immersed any pre-set time between 0 and 6 minutes.
Transfer time between stations shall be less’ than 8
seconds.

Agitation: Clockwise and counterclockwise agita-
tion of each holder at a rate of 40 cycles/minute shall be
5. ETCH HOLDER LOADING MACHINE provided.

Purpose: Remove bianks from cartridges and Timer: A timer shall be provided to control the
load them in etch bolders. immersion of each etch bolder in the HF add. A choice
of two times shall be available, each time capable of
being pre-set between 0 and 6 minutes. The etch time
selected shall apply to the holder inserted in the loading
position and shall be stored until that holder reacbes the

Total Operator Utilizaiion movable or sliding racks to permit easy transfer to cart.

Reguirements:

A non-motorized roller conveyor will transfer the
etch holders from the drier to the Base Plate Mask Load-
ing Area.

6. Machine Specifications

Requirements: Quick insertion and release of
cartridges and etch holders; loading rate of at least one
blank per second; automatic indexing of etch holder

R idth; = .
i‘iotgéﬁ}?::-oblanh accurate to less than slot width;. Coh tank. The overall g8 be better:
ridge is empty; 00 damage to blanks down i than == 5 sec./min. .
thickness; baodle cither 0.490 or 0375 inch dia. blanks Temperature: The etch bath shall be controlled
(with far). to = 05°C. All other baths shall be controlled to

Visualization: Vacsum cbuck removal of blanks +20°C

from cartridge, similar to frequency sorter haodling Density: The density of the HF soludon shall be

mechanism, Indexing table for holders, accuracy 2ad controlled so that the concentration does not vary more

speed per Requirements . than 0.59, in the region between 12 and 24%- Any
b. DEGREASER concentration within that region may be selected.

Purpose: Degrease blanks loaded in etch holders. Exbaust: A suitable exhaust system shsll be pro-
vided to remove ammoria and HF fumes.

{
3
{
)
3
3
X

Requirements: Capacity of ten bolders; rapid .
loading 2nd unloading; 30 minute cycle with liquid Materials: Blaok holders will be Teflon. Other
trichloroethylene; provision for vapor and fume control. materials as indicated in the table below:

Visualization:  Dishwasher—type action, pro- Visualization: The Final Etch Machine developed
vision for loading and unloading of 10 holders on re- under this contract will meet the above requirements.

Table N-1
FINAL ETCH MACHINE OPERATIONS
Temp. Materid
loading—no tanks
loading—o0 tanks
Trisodium phosphate solution 5%
Ammonia solution 3%

S

¥

taty

1
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Stations N—-O

Table N-1 (Continued)

Positions

5 Demineralized Water 11.8 gal/hr

6 Demineralized Water 11.8 gal/hr
7to9 Hydrofluoric acid solution 169

10 Trisodium phosphite 5%

11 Ammonia solution 3%

12 Demineralized water (see $)

13 Demineralized water (see S)

14 Demineralized water (see 5)

15 Superheated steam blast

16 Superheated steam blast

17 Unloading position

18 Unloading position

Temp. Material Capacity
25°C 99.5% Alum, 5.4 gals.
25°C 99.5% Alum, 5.4 gals.
25°C Monel container, Polycthyiene cover

) with 3 holes to fit holders.
85°C see (3) 5.4 gals
25°C see (4) 5.4 gals.
25°C sec (5) 5.4 gals.
85°C . - see (5) 5.4 gals.
85°C see (5) 5.4 gals. -

115°C approx.

d. BLANK DRIER
Purpose: To complete drying of blanks.

Reguirements:  Tunnel-type, conveyer roller
floor, capacity of 15 holders. One holder per 2 minutes
will be inserted for a total of 30 minutes drying time.

Visualization: The drier will consist of a tunnel
lined with radiant heaters built over a non-powered
roller conveyor. Pushing one helder in will advance
all others and push the last holder out of tiic tunnel
into the mask loading area.

STATION O, BASE PLATING
Includes Process 46, Base Plate Mask Loading
Process 47, Preheat Base Plate
Process 48, Pre-Aging

1. M.aterial Entering Station

Quartz blanks enter this Station after Final Etch,
loaded in Teflon etch holders. The average input is
11,200 blanks per day at this stage, and the etch holders
contain 2 maximum of 100 blanks each.

2. Description of Station

The base plating station will be located adjacent
to Station N (Final Etch), so that blanks may be pro-
cessed as they are discharged from the end of the drier.
The Station consists of a loading area in which the blanks
are removed from the etch holders and inserted into base
plating masks, a preheating oven in which the masks
and blanks are freed from water vapor, and three base
plating machines. From the base platers, the masks are
conveyed through a tunnel oven which heats them to
425°C for a period sufficient to pre-age them.

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

The blanks will be removed from the etch holders,
either manually or by a mechanical device, and dropped
into slots in a2 holder. The masks will then be sent
through 2 roller or frictional device which will roll the
blanks until the orientation flats mate with a similar
flattened portion of the slots, and a cover containing the
correct size of masking holes will be slipped over the
holder.

The operator of the mechanized or semi-mechanized
loader will be responsible for feeding the correct size
of masks into the assembly device, and this size will
specified on the production job ticket. ’

The loaded masks will be delivered from the output
of the assembly device, and must be assembled to holders
which will support 40 to 50 blanks. Two different tynes
of holders will be used, depending on whether the bianks
are for CR-23/U or CR-18/U units. This will also be
specified on the job ticket. Assembly of masks to holders
will be 2 manual operation. 11,200 blanks per day must
be loaded, and approximately 250 holders assembled.
With the aid of mechanized mask loading at the rate
of 40 blanks per minute, and allowing 0.5 minutes to
assemble masks to holders, one operator will be able to
handle this task.

Assembled holders will be placed on a conveyor
which will transfer them to the base platers via & heating
section, and deposit them in a heated storage point next
to each plater. The holder temperature will be raised to
approximately 120°C and held at this point for one

The base plating machines will have a capadty of
one holder of five masks (40 or 50 blanks, depending
on size). The time to load and plate one batch averages
4.5 minutes of which 0.5 minutes is loading time. Hence




[9POW iD|d [PisA1) XRND peTjuDyIeW ‘suojioaedQ Bujysjuly

1

Station O

HH

H-

-
-

::F;‘

il

i
H-H

w— -t . .o PV N |
o wene

N
e}
o
o
o
Te}
~
o
o
N
N
o
o
X
[sp]
<
(@]
Ao
AM
it
o0
[a
o)
o
<
O
AN
A
~
[e0]
o
S~
(a0}
~
o
N
[0}
(7]
©
o
(0]
4
|
(o]
ke
©
(O]
>
o
Q)
Q)
<
>
Q]
o]
O
©
[0}
N
b=
C
©
n
1
=
©
o
£
e}
@
=
)]
(72}
®
Q
[0
ol

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2




Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

e-s

]

Station O

the machine time required to process 11,200 blanks or
1,272 masks is

12
72 x 4.5 = 1146 minutes

and the theoretical number of machines required is

1146
480

or practically, 3 machines are required.

= 2.4 machines

24
Their average efficiency level is-—s—— = 80%-

On completion of the plating cycle, holders will be
removed from the base platers. The masks will be de-
tached from their holders and conveyed directly to the
adjacent pre-aging oven. This will be conveyer type. 1f
the masks are conveyed in single file and 3/4 inch is
allowed for each blank, the ouiput rate of 11,200 blanks
per day or 27 per minute for seven hours operation re-
quires an oven length for 15 minutes holding time of

27 3 )
- * i x 15 = 25 feet. Pasing two or more

masks through the oven side by side will reduce the
length directly, and undoubtedly prove more practical.

3. Operator Tasks

a. MASK LOADER
Mechanized mask loading at 40 blanks/min.
11,200
40
Assemble 250 holders
at 0.5 min./holder 125 min.
Total 405 min. per day
Operators required 1
Effidency 85%
b. BASE PLATER OPERATOR
Loads and unloads 250 mask holder
and crucbles at 0.5 minutes per set 125 min.
Return of masks and loading of
aging oven 260 min.
385 min.

= 280 min.

Operators required 1
Efficiency 80%
4. Material Leaving—Yield
A nominal loss of 100 blanks per day due to hand-
ling is assumed in this station. Hence 11,100 blanks per
day will leave, for 2 nominal yield of 99%-
5. Transfer to Next Station

Blanks will be mechanically conveyed out of the
aging oven to the Mounting and Cementing Station.

90

~

6. Machine Spedifications
a. MECHANIZED MASK LOADER

Purpose: to assist in loading masks from the
c:ch holders.

Regquirements: The device or machine must be
capable of assisting the operator in loading blanks into
base plating masks at the rate of 40 blanks per minute,
without damage to or contamination of the blanks. The
design will be such as to eliminate the need to handle
blanks with tweezers.

Visualization: No firm design concept has beea
arrived at, but it appears that either 2 semi-or fully
mechanized device will accomplish the desiced results.
The mechanization must proceed in close cooperation
with design of the mask itself and with the design of the
unloading device (Mounting and Cementing machine).

b. BASE PLATER

Purpose: to coat both sides of the quartz blanks
with an aluminum flm of specified thickness and dia-
metef.

Requirements: The plater must deposit aluminum on
both sides of the blank to a thickaess equivalent to
Af = 0.7 = 0.1 f2 or 0.55 == 0.1 f2 where f is the funda-
mental frequency in megacycles and Af is in kilocycles.
The cycle time including loading, unloading, pump-
down, plating and cooling shall average 4.5 minutes.
The plater shall have 2 capacity of 40 or 50 blanks of
0.490” or 0.375” diameter, respectively. Operation shall
be completely actomatic after loading, from the time the
operator initiates the cycle to the time whea the chamber
opens at the end of the cooling cycle.

Visualization: A base plater meeting the above
requirements bas been developed under this contract.
Plating is by evaporation from an inductively heated tan-
talum crucible containing an aluminum ball. Blanks
are held in masks which define the spot size, Chamber
closure, pump-down, feeding of aluminum into the cru-
cible and plating are automatic, and at the completion
of plating one side, the masks are automatically revolved
180°, another aluminum ball is automatically dropped
into the crucible, and the cycle repeated on the other
side.

c. PRE-AGING OVEN

Purpose: to stabilize crystal blanks by accelerated
aging at high temperatures prior to final plating.

Reguirements: The oven should heat the blanks to
425°C for 15 minutes at a minimum rate of 27 per
minute. The heating cycle should be controlled during
this period to a moderate degree, perhaps == 10°C, and
should include tapered heating and cooling at the ex-
tremes of the cycle so as to minimize thermal abiock.
Mechanized loading and unloading of blanks beld in

. special containers should be provided.

Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

edrgiaae oo 4o N S

Visualization: A tunnel type oven, electrically
heated and controlled; with mechanized conveying of
blanks through the chamber, and connection to the
Mounting and Cementing machine at the output end.
The oven will have controls for varying the temperature
of different zones of the chamber and the conveyor

speed.

STATION P, MOUNTING AND CEMENTING BLANKS

Includes Process 49A, Clean Bases
Process 49B, Mounting and Cementing
Process 50, Air-Dry and Cure Cement

1. Material Entering Station

An average of 11,100 crystal blanks per day and an
equal number of bases will be processed in this station.

2. Station Description

The Station will be located adjacent to Base Plating,
and connected by mechanized conveyor to the pre-aging
oven of that Staton. It will include two machines
which will be capable of receiving base plating masks
and crystal bases mounted in ceramic blocks, remove
the blanks from the masks, insert them in the bases
and apply epoxy resin-silver cement to the base mount
where it contacts the plated electrodes of the quartz
blank.

Following the Mounting and Cementing machines
and receiving their output as the mounted blanks are
ejected will be a drying table. It may consist of a
maze of conveying tracks of such length as to allow
the cemented blanks the required 30 minutes of drying
time. An operator will receive the output of this air-
dry table and slide the ceramic blocks holding the blanks
into slotted racks. He will accumulate the racks in
batches of perhaps ten, each rack containing ten crystals,
and load these into a curing oven equipped with batch

timers.

The Station will also include a work table where the
ceramic blocks (returned from the Frequency Check,
Station T) are assembled to new bases and a degreaser
where the assemblies can be cleaned. One operator
will attend to the assembling and cleaning operation.

The design concept of the Mounting and Cemeating
machine is still in an elementary state, but it appears
reasonable to expect a fully automatic machine to handle
the blank mounting at the rate of at least 15 per minute,
or 7,200 per 8-hour shift. Thus two machines should
be adequate to handle the average input at an effidency
of

11,100

x 100 = 7 which is equivalent to 6.2 hours
14400 ™o eq

per machine per day.

Station O—P

The air-drying table must provide for a drying
time of 30 minutes, approximately. The blocks ejected
from the Mounting and Cementing machines can be
pushed directly onto tracks on the table. At an input
rate of 15 per minute, the blocks being one inch long,
the track length required for 30 minutes drying time is

15 x 30
12

= 37.5 feet.

Assuming a 3" radius is feasible, this length of track
could be accommodated in a space 5 x 3 feet. Two of
these tables will be needed, one for each insertion
machine,

Since the blocks will develop a2 high degree of
friction against the sides of an unpowered track, it will
be necessary to provide some mechanical means of con-
veying them, such as a chain or hele drive,

An operator will be stationed at the output of the
air drying conveyors to load the blocks into racks. Each
rack will hold ten blocks, so that the racks will be
loaded at the rate of 3 per minutp. An assembly of
perhaps 10 of these racks (100 crystais) will be loaded
into trays and placed in an adjacent batch oven by the
same operator. A timer will insure that the batches
remain in the oven for five hours.

The oven must have a capacity equal to five hours
producrion zt the rate of 3 racks per minute cr a total
of 900 racks (9,000 crystals) divided into perhaps 90
trays. A feasible arrangement might be 15 sections,
each with an individual door and timer, and each holding
G trays of 10 racks or GOO crystals. Several smaller
ovens of the same total capacity would serve equally
well. The individual oven sections could be =located
to batches of crystalc to be adjusted to the same fre-
quency in final plating, thus one or more oven sections
will correspond to each final plating machine.

One operator will be able to handle rack loading
and loading of the oven.

In the base preparation area, the ceramic blocks
will be conveyed in some manner to a work table and
stacked in jigs so that they are conveniently dispensed to
an operator. New bases will be unpacked and assembled
to the blocks by inserting their pins into a pair of
spring-loaded sockets. At the rate of 30 per minute
one operator could handle the day’s production in ap-
proximately 6 hours. The same operator can load the
assembled blocks into baskets as they accumulate, say
in batches of 200, and place them in a degreaser. This
operation should not take longer than one minute each
for a total of approximately one hour. The baskets can
be unloaded and the cleaned blocks and bases inserted
into the Mounting and Cementing machines by their

operatos.
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Table P-1

SUMMARY OF MOUNTING AND CEMENTING
REQUIREMENTS

Operation
Assemble and clean basss n:d blocks
Insert Blanks in Bases
Air Dry Cement, Assemble in Racks
Cure Cement

Degreaser

Oven

Total Operators

Machine

1

Mount and Cement Machine 1
Conveyorized Rack 0.5

0.5

—

3

3. Operator Tasks

2. BASE ASSEMBLING AND CLEANING
OPERATOR
Assemble 11,100 bases at
30/min.
Load 56 baskets into degreaser
at 1/min. 56
Total 426 mia./day
No. of operators 1
Efficiency 89%
b. AIR DRY AND OVEN CURE OPERATOR
Assemble 1,100 racks (10 blocks
each) at 6/min.
Assemble, load 110 trays (10
racks) into curing oven 185
Total 370 min./day
No. operators 1
Effidency 7%
<. MOUNTING AND CEMENTING OPERATOR
Attend two machines 370 min./day

No. operators 1
Efficiency 7%

370 min.

185 min,

4. Material Leaving Station—Yield

A loss of 100 blanks per.day due to handling is
assumed. The total number of cured, mounted crystals
leaving the curing oven per day is 11,000.

5. Transfer to Next Station

Mounted crystals will remain in the batch oven
until cured and required by the Adjustment Plater
operatof.

6. Machine Specifications

2. MOUNTING AND CEMENTING MACHINE
Purpose: To insert blapks in bases and apply
cement.
Reguirements: The machine must be capable of
extracting blanks from the special base plating masks
and of inserting them into stiff mount HC-6/U bases.

Declassified in Part - Sanitized Cop

The angular tolerance oo mounting (with respect to
the flat) is approximately =*=4.5% The machine must
also apply cement onto the mount contact poiats. The
rate of operation should be approximately 15 units per
minute or better. .

Visuaiizstion: A completely sutomatic machine
which will extract blanks from plating masks and insert
them into manually loaded bases is envisioned. The
machine will have stations for insertion, cementing, and
automatic ejection. The postulated rate will be met or
exceeded, and the machine will not require more than
half the attention of an operatof.

b. CURING OVEN

Purpose: To cure the conducting cement applied
to the crystal mount.

Regquirements: The oven must have the aapadity
to process over 11,000 blanks per shift at 150°C for
S bours.

Visualization: A multiple-section batch oven with
thermostatic controls and individual clapsed time indi-
cators for each of perhaps 15 sections is envisioned.
The capacity will be approximately 600 crystals per
section or 9,000 crystals total.

STATION Q, ADJUSTMENT PLATE
Includes Process 51, Adjustment Plate

1. Material Entering Station

The average number of crystals per day which
reach the adjustment plating process is 11,000. The
crystals are stored in the curing oven in mounted form,
the base pins of the mounts being inserted into ceramic
blocks which in turn are assembled in channel-section
racks, ten blocks to 2 rack. The blocks have external
contact springs, which make an electrical connection to
the crystal electrodes through the base pins. Each rack

holds ten blocks of crystals.

2. Station Description

The Station consists of a number of adjustment
plating machizes, cach an entirely self-contained unit,

Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2
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Visualizatios,: A tunnel type oven, electrically
heated and controlled; with mechanized conveying of
blanks through the chamber, and connection to the
Mounting and Cementing machine at the output end.
The oven will have controls for varying the temperature
of different zones of the chamber and the conveyor

speed.

STATION P, MOUNTING AND CEMENTING BLANKS

Includes Process 49A, Clean Bases
Process 49B, Mounting and Cementing
Process 50, Air-Dry and Cure Cement

1. Material Entering Station

An average of 11,100 crystal blanks per day and an
equal number of bases will be processed in this station.

2. Station Description

The Station will be located adjacent to Base Plating,
and connected by mechanized conveyor to the pre-aging
oven of that Stadon. It will include two machines
which will be capable of receiving base plating masks
and crystal bases mounted in ceramic blocks, remove
the blanks from tle masks, insert them in the bases
and apply epoxy resin-silver cement to the base mount
where it contacts the plated clectrodes of the quartx
blank.

Following the Mounting and Cementing machines
and recciving their output as the mounted blanks are
ejected will be a drying table. It may consist of a
maze of conveying tracks of such length as to allow
the cemented blanks the required 30 minutes of drying
time. An operator will receive the output of this air-
dry table and slide the ceramic blocks holding the blanks
into slotted racks. He will accumulate the racks in
batches of perhaps ten, each rack containing ten crystals,
and load these into a curing oven equipped with batch
timers.

The Statics will also include a work table where the
ceramic blocks (returned from the Frequency Check,
Station T) are assembled to new bases and a degreaser
where the assemblies can be clcaned. One operator
will attend to the assembling and cleaning operation.

The design concept of the Mounting and Cementing
machine is still in an elementary state, but it appears
reasonable to expect a fully automatic machine to handle
the blank mounting at the rate of at least 15 per minute,
or 7,200 per 8-hour shift. Thus two machines should
be adequate to handle the average input at an efficiency
of

11,100
14,400

per machine per day.

x 100 = 779, which is equivalent to 6.2 houcs

Station O—P

The air-drying table must provide for a2 drying
time of 30 minutes, approximately. The blocks ejected
from the Mounting and Cementing machines can be
pushed directly onto tracks on the table. At an input
rate of 15 per minute, the blocks being one inch long,
the track length required for 30 minutes drying time is

15 x 30
12

= 37.5 feet.

Assuming a 3 radius is feasible, this length of track
could be accommodated in a space 5 x 3 feet. Two of
these tables will be needed, one for each insertion
machine,

Since the blocks will develop a high degree of
friction against the sides of 20 unpowered track, it will
be necessary to provide some mechanical means of con-
veying them, such as a chain or belt drive.

An operator will be stationed at the output of the
air drying conveyors to load the blocks into racks. Each
rack will hold ten blocks, so that the racks will be
loaded at the rate of 3 per minute. An assembly of
perhaps 10 of these racks (100 crystais) will be loaded
into trays and placed in an adjacent batch oven by the
same operator. A timer will insure that the batches
remain in the oven for five hours.

The oven must have & capacity equal to five hours
production =zt the rate of 3 racks per minute or 2 total
of 200 racks (9,000 crystals) divided into perhaps 90
trays. A feasible arrangement might be 15 sections,
each with an individual door and timer, and each holding
6 trays of 10 racks or GO0 crystals. Several smaller
ovens of the same total capacity would serve equally
well. The individual oven sections could be =Hocated
to batches of crystalz to be adjusted to the same fre-
quency in final plating, thus one or more oven sections
will correspond to each final plating machine.

One operator will be able to handle rack loading
and loading of the ovea.

In the base preparation area, the ceramic blocks
will be conveyed in some manner to 2 work table and
stacked in jigs so that they are conveniently dispeased to
an operator. New bases will be unpacked and assembled
to the blocks by inserting their pins into s pair of
spring-loaded sockets. At the rate of 30 per minute
one operator could handle the day’s production in ap-
proximately 6 hours. The same operator can load the
assembled blocks into baskets as they accumulate, say
in batches of 200, and place them in 2 degreaser. This
operation should not take longer than one minute each
for a total of approximately one hour. The baskets can
be unloaded and the cleaned blocks &nd bases inserted
into the Mounting and Cementing machines by their
operator.

91
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Station P—Q

Operation
Assemble and clean basss and blocks
Iansect Blanks in Bases
Air Dry Cement, Assemble in Racks
Cure Cement

Total Operators

3. Operator Tasks

OPERATOR
Assemble 11,100 bases at

30/min.
Load 56 baskets into degreases
at 1/min.

Total
No. of operators
Efficiency
b. AIR DRY
Assemble 1,100 racks (10 blocks
cach) at 6/min.
Assemble, load 110 trays (10
racks) into curing oven
Total
No. operators
Efficiency

Attend two machines
No. operators
Efficiency

4. Material Leaving Station—Yield

leaving the curing oven per day is 11,000.

5. Transfer to Next Station

Mounted crystals
watil cured and req

opcmot.

will remain

6. Machine specifications

Purpose: To insert blanks in
cement.

Reqw'remmt:: The
extracting blanks from the

and of inserting

spedial

92
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SUMMARY OF

a, BASE ASSEMBLING AND CLEANING

370 min.

3
426 min./day

AND OVEN CURE OPERATOR

185 min.

185
370 min./day

c. MOUNTING AND CEMENTING OPERATOR
370 min./day

A loss of 100 blanks per. day due to bandling is
assumed. The ¢otal number of cured, mounted

in the batch oven
ired by the Adjustment Plater

2. MOUNTING AND CEMENTING MACHINE
bases and spply

Table P-1

MOUNTING AND CEMENTING
REQUIREMENTS

Macbhine
Degreaset
Mount and Cement Machioe
Coaveyorized Rack
Oven

The angular tolerance o mounting (with respect t0
the flat) is appro;dmately . The machine must
also apply cement onto the mount contact points. The
rate of operation should be approximately 15 units per
minute or better. :

Visuaiizstion: A completely sutomatic machine
which will extract blanks from plating masks and insert
them into manually Joaded bases is envisioned. The
machine will have stations for insertion, cementing, and
automatic ejection. The postulated rate will be met or
exceeded, and the machine will not require more than

half the attention of an operator.
b. CURING OVEN

Purpose: To cure
to the crystal mount.

Requiremenis: The oven must have the aapadty
to process over 11,000 blanks per shife at 150°C for
s hours.

Visualization: A multiple-section batch oven with

ols and individual clapsed time indi-

cators for each of pechaps 15 sections is envision
The capacity will be apptoximately 600 crystals per
section or 9,000 crystals total.

1
89%

the conducting ccoent applied

1
7%

1
7%

STATION Q, ADJUSTMENT PLATE
Includes Process 51, Adjustment Plate

1. Material Entering Station
The average oumber of crystals pef day which
reach the adjustment plating process is 11,000. The
stored in the curing oven in mounted form,
ounts being inserted into ceramic
assembled in channel-section
rack. The blodks have external
which make an electrical connection to
the crystal electrodes through the buse pins. Each rack

bolds tea blocks of

2. Station Description

machine must be apable of
base plating masks
them into stiff mount HC-6/U bases.

The Station consists of a number of adjustment
plating ‘machines, each a0 entirely self-contained unit,
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arranged adjacent to the curing oven of the previous
Station. :

Each plating machine is capable of accepting a
rack of unplated crystals and of performing all oper-
ations of insertion into the chamber, pump-down to
vacium, plating, shut-off, and transfer to a receiving
rack, without attendance by the operator. The recks
must be replaced by the operator when emptied by the
machine, or once for every ten crystals adjusted.

In operation, the crystals are transferred from the
input rack to the vacuum chamber, which then closes
and is pumped down to vacuum. In the chamber posi-
tion, the crystal electrodes are conoected to an elec-
tronic circuit which resonates the crystal and compares
its frequency with a standard previously set to correspond
to the desired nominal fundamental frequency.

As the desired vacuum is reached, gold wire de-
posited on a tungsten filament is evaperated onto the
crystal and its resonant frequency is lowered. At the
point where the crysta! and standard frequencies match,
plating is stopped. Air is then readmitted to the cham-
ber, the chamber top is lifted, and a new crystal pro-
pelled into the working position, ejecting the finished
one into a receiving rack and, if required, new gold is
added to the filament. This cycle continues to repeat
automatically until there are no more crystals on the
input side, or until the operator stops the machine.

Before the input rack is placed in position, the
crystals must be covered by 2 mask with a hole of a
size appropriate to the base plating 2rea. These masks
will be put oa individually by the operator, but as they
are 2 loose fit and self-centering, they arc easily dropped
in place.

The sequence-of operations will be as follows. The
operator will remove 2 certain pumber of racks from
the curing oven, perhaps five, and take them to the
machine positions. Masks which are of a hole-size cor-
responding to the frequency called for in the job order
will be selected to cover all crystals in the rack and
dropped in place on top of the blanks. As the input
rack of a machine becomes empty, the operator will
stop the machine (which will, however, continue the
plating operation of the crystal inside the chamber),
remove the empty rack, and replace it with a fresh
rack containing the crystals to be plated to the frequency
for which the machine is set. The rack of adjusted
coustals on the opposite side of the machine is removed
and the empty one used to replace it. The masks are
removed by inverting the rack and the rack of adjusted
crystals placed on a conveyor which will remove it to
the next station,

In the discussion of Process 51 it was stated that
a complete adjustment cycle should not require in excess
of 30 seconds per crystal

A single machine will theoretically be able to plate
two crystals per minute or 960 per 8-hour shift. Tke
theoretical number of machines required is

Station Q

.5 machines,

Since major troubles with the electronic or vacuum
systems would require machine shut-down and micor
leaks will slow down the pumping cycle, a comparatively
low efficiency (about 80%) should be assumed for the
machines. A total of 15 machines will require aa
effidency of 1:: = 76.5%, and a productive operating
time per machine of 76.5 x 480 = 368 min./day. .

The machine time to load and unload has been
neglected since racks may be replaced without stopping
the machine,

Thus, the minimum number of machines is 15.

A plating cycle longer than 30 seconds would in-
crease the gumber of machines required. However, as
the operator task is a function only of the number of
crystals to be plated, the number of operators required
would not increase. The man-machine system would
not be basically affected.

3. Operator Tasks

per rack
(=10 crystals)
1. Replace racks at machine 25 sec.
2. Remove and stock
masks 5 sec.
3. Remove S racks from
curing oven and
carry to machine sta-
tion (30 sec./S
racks)
4. Select masks and 2
place on blanks
51 sec.
For 1100 rack/day

. 51 x1100
Operator time =

= 935 min,/day

For 3 operators, 1 per 5 machines

Direct productive time

Standby time

Total time per operator
(=machine time) 368 min./day

Operator effidency 76.5%

312 min,
56 min,

4. Material Leaving Station—Yield

A nominal loss of 100 crystals per day due to han-
dling is assamed, leaving 10,900 to be transferred to the
pext station.

5. Transfer to Next Station

The gold-plated crystals will be placed on & mechan-

ical conveyor which will transfer them to the next opers-
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tion. The crystals will be mounted in ceramic blocks
and assembled in the same type of racks (10 per rack)
in which they entered the station.

6. Machine Specifications

a: ADJUSTMENT PLATER

Purpose: Automatic adjustment of the nominal
crystal frequency by means of gold evaporation plating.

Reguirements: the plater must be capable of
measuring the instantaneous value of the crystal reso-
nant frequency during the plating, comparing it with a
standard, and adjusting the amount of gold evaporated
onto the crystal with a target accuracy =£0.001% of
the nominal frequency (43 cycles for a 4.3 mc. crystal).
The mechanism shall be capable of handling crystals
in and out of the vacuum evaporation chamber auto-
matically, without requiring reloading by the operator
more often than once for each ten crystals plated. The
average time for a loading, vacuum and plating cycle
shall be approximately 30 seconds. The range of
adjustment shall be between zero and at least 0.39F
(approximately 0.6 microns thickness of gold).

Visualization: The frequency adjustment plater
developed under this contract will be designed to meet
these xequ.irements. Loading, pump-down, measurement,
plating and shut-off are automatic. The plater will
accept specially mounted crystals (plugged into ceramic
blocks) packaged in racks of ten crystals each, and will
deliver plated crystals into similar racks.

STATION R, PREPARATION OF CANS

Includes Process 56, Frequency Stamp Cans
Process 57, Degrease Cans
Process 58, Hydrogea Anneal Cans

1. Material Entering Station

Sufficient metal cans to seal HC-6/U Holder Bases
will be purchased and delivered to this Station daily.
The average number of cans to be processed daily is
1000,

2. Station Description

This Station will be located near the Base Sealing
Arca (Staticn S) and will consist of the following
equipment:

Stamping Press

Degreaser, Trichloroethylene
Washer

Rinser

Drying Oven

H; Annealing Ovea

Cans will be unboxed and fed to a stamping press,
which will emboss the frequency and code designation
of the crystal on the top and sides of the can. The
stamping machine will bc 2 commercial design. The
dies will be set up by the operator according to pre-
viously prepared job orders specifying the nominal
frequency and the number of cans required A counter
will be provided to signal the operator or shut off the
machine when the required number of cans are stamped.
Cans will be manually or hopper-fed. If they are fed
manually to the anvil of the machine, it is estimated
that two seconds will be required per can. One machine
and one operator will be required.

Stamped cans will be ejected from the press and
collected by 2 second operator, who will kecp them in
batches according to frequency order, Cans will be
Joaded into wire baskets, each holding about 200 cans.
The baskets will be placed directly into a commercial
batch degreaser having a capacity of three baskets (600
cans). Fifteen minutes will be allowed to degrease .
the cans,

At the end of this time they will be removed by
the operator and temporarily stored near the washer.
The washer will hold hot detergent, and the baskets will
be immersed in this solution for four minutes and trans-

- ferred to a rinser,

The rinser will consist of a rotary or tunnel type
device which will tumble and spray the cans with
several changes of water while the baskets are conveyed
through ihe machine. As preseatly contemplated, the
mackine will have three stadons spraying tap water
and three of demineralized water. A total of ten minutes
will be required to pass through the rinser.

Baskets of cans passing through the rinser will be
removed by the operator and emptied into mesh or pet-
forated trays and the trays loaded into s drier ovea.
When six trays or 1200 cans are in place, the oven will
be closed and the cans left to dry for 30 minutes while
another six trays are being assembled. Five minutes
will be allowed to transfer trays in and out of the ovea.

As the final step in the processing, the trays un-
loaded from the drier will be placed in a commercial
type of controlled-atmosphere oven which is capable
of being evacuated and flushed with hydrogen gas. One
or more changes of H; will be cycled through the oven
while the cans are fired at a temperature near 450°C.
The oven cycle will be automatically controlled, and
will require 1 hour, 15 minutes, The oven capacity
will be 12 trays of 200 cans, equivalent to 2400 cans.
Alternataly, a continuous feed oven of the same capadity
may be used. At the end of the H; treatment the trays
will be removed and conveyed to the Base Sealing
Station (S). .
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Station R

Table R-1
SUMMARY OF CAN CLEANING EQUIPMENT

Equipment Capacity Process
(Cans) Time
(min.)

Degreaser 600 ’ 15

200 4
Rinser! 10
Drier . 1200 30
H; Oven 2400 75

Load/Unload Theo.

Time Ostput
(min.) (8brs.)

2 17,000

1 19,200 57%

1 19,200 ) 57%

s . 16,500 " 66%
10 13,500 80%

Note (1): The rinser is conveyorized or continuously operating; all other equipment may be batch type, for ease in

procuring commercial models.

Note (2): Theoretical efficiencies of equipment supplying the annealing oven are low because of the need for phasing
the manual loading operations. Graphical studies have been made which indicate that these operations can be stag-
gered correctly with a total output equal to the required average.

3. Operator Tasks
a. CAN STAMPING OPERATOR
Stamp cans (2.0 sec./can) (per 10,900 caas)
2.0 x 10,900 )
— e =

Change dies (8 changes at
5 min. each)

365 min.

Number of operators

Effidency -—:—‘3— = 85%

. CLEANING and ANNEALING OPERATOR

(See Table R-1) (per 200 cans)
Load/Unload degreaser

Load/Unload washer

Load/Unload rinser

Load/Unload drier

Load/Unload H, oven

Total productive
2
dme >3X10900 210 min./day
200
Idle time (determined by
Annealing Ovea rate) 175

Total (equal Annealing Oven -

" utilization) 385 min./day
Number of operators 1

Operator Effidency 80%

4. Material Leaving Station

The number of anncaled cans leaving the process
is 10,9C0 per day or approximat... 55 trays of 200 each.

5. Transfer to Next Station

Cans will be conveyed to the Base Sealing Station
(S) in the trays or any other convenient containers
into which the cans may be emptied and remain clean.

6. Machine Specifications

a. STAMPING MACHINE
. Purpose: To stamp cans with appropridte code
and frequency designations.

Reguirements: The cans must be stamped on top
and sides at the rate of not less than 30 per minute,
Changing dies must be simple and not require more
than 5 minutes per set. Provisions for automatic count-
ing of cans stamped will be needed.

Visualization: A commerdial stamping machine
should be adequate, and may be manually fed or auto-
matic loading features will be added. If automatic,
action of a predetermined counter will shut off the
machine at the end of a frequency run, otherwise the
counter can signal the operator of this fact.

b. DEGREASER
(This will be a small commercial batch machine
similar to others previously described.)
c. WASHER
(This may be a small tank holding the washing
solution- and one degreasing basket, equipped with
agitation. No special features are needed.)
d. RINSER
Purpose: To rinse washed cans.
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Reguiremenss: The cans must be rinsed in three
changes of tap water and three of demineralized or
distilled water at the rate of one basket (200 cans)
per five minutes.

Visualization: To provide suficient time for
rinsing, a continuous apparatus with conveying features
is envisioned, Agitation of cans may be required to
obtain thorough rinsing with spray heads, or the baskets
may be immersed in continuously flowing water in
separate tanks,

¢. DRIER
(A commerdal drying oven of small size will
be adequate)
(Note: Items b & d or b to e may be combined
in one continuous machine)

f, HYDROGEN ANNEALING OVEN

Purpose: To treat cans with hydrogen gas in
order to clean inside surfaces.

Regsirements: A capacity of about 2400 cans
per load, Provisions for heating to at least 450°C and
for automatic time and temperature cycling and control.
Provisions for evacuating and flushing with hydrogen
by automatic cycle. ‘The entire oven to be capable of
unattended operation through a cycle and to be equipped
with all safecy precautions to avoid danger of explosion.

Visuclization: A commerdal model with the addi-
tion of appropriate controls may be adequate,

STATION S, BASE SEALING

Includes Process 52, Assemble Cans to Bases and
Solder Preforms .
Process 53, Base Sealing

1. Material Entering Station

“This Station will receive an aversge of 10,900
mounted crystal units per day from Station Q, Adjust-
ment Plating. These crystals will be mounted in ceramic
blocks and assembled in racks. An equal number of
cleaned HC-6/U metal cans will be received from
Station R

2. Station Description

This Station will consist of equipment (1) to pro-
duce solder preforms and assemble precleaned HC-6/U
cans to the frequency-adjusted crystal units, (2) to
flux the assemblies, and (3) mackinss to seal the cans
to the bases in & controlled atmosphere.

Aﬁnglemchinewiﬂbensedtomkzthcpm—
forms from solder spools and place them around the
edges of the cans, which have already been stamped with
the desired frequency and code in a previous process. An
operator will receive the cans from the hydrogen anneal-
ing furnace (Station R) snd fecd them to the mndunc
via a hopper. The same operator will supervise input
of racks of crystals adjusted to the frequency stamped

on the cans, these racks being mechanically conveyed
from Staticn Q.

Crystal units emerging from the machine will have
the cans ciamped to the bases, solder preforms in place,
and will be fluxed and in condition to enter the base
sealing machine.

* “The solder preform and can assembly machine will
be designed to handle an average of 11,000 crystals per
day with allowance for change-over from one frequency
type to another. An operation time of 2 seconds per
crystal will be adequate to process 17,000 crystals per
day or to handle the average input of 10,900 at an
efficency of 65%. One operator will be needed to
supervise the machine and to insure that the incoming
crystals are matched to the correctly stamped cans.

Tbe solder preforming and can assembly machine
will produce racks of ten unsealed crystal units st a
rate of one every 20 seconds or 3 per minute. These
racks will be loaded into special trays by a second oper-
ator who wiii supervise loading and unloading of the
base sealing machines. A tray of 40 racks or 400 crystals
will be assembled to constitute one sealing machine losd.

The sealing machines will operate on a total cycle
of 25 minutes including loading and ualoading (per 400
crystals), hence their output is

400
——x 480 = 7680 ucits
25

per day.

Two units will suffice to handle an aversge day’s
production, at an efficiency of

10,900
=71
2 x 7680 ¥

One operator will be required to load and unload
these machines,

Operator Tasks

2. SOLDER PREFORMING AND CAN
ASSEMBLY OPERATOR
No. of operators 1
Operator cfficiency 65%

b. BASE SEALING MACHINE OPERATOR
Machine load/unload time (3 min./load)

10,
900 x3=

Load trays, remove clamps from
racks, unload racks from trays.
Total time
Operators required 1
Operator effidency  713%
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4. Material Leaving Station

Sealed crystal units will leave the base sealing
machine assembled in racks of ten, The average output
will be 10,900 crystal units per day or 1090 racks.

5. Transfer to Next Station

Racks will be propelled to the next station by means
of powered or unpowered roller conveyor.

6. Machine Specifications

2. SOLDER PREFORM AND CAN ASSEMBLY

MACHINE

Purpose: To assemble solder preforms to cans,
assemble cans to bases, clamp and flux cans in preparation
for base sealing.

Regquirements: The machine shall perform the
above operations at a rate of one crystal per two secon
Special care shall be taken to prevent damage to crystal
blanks when inserting the can, or in allowing flux to
eater the crystal unit.

Visualization: A completely automatic machine
is envisioned which is capable of forming solder around
the edg= of the can as it is fed from a hopper and
orienting mechanism, placing the cans on 2 rack of
crystals traveling bencath, and clamping 2 spring-loaded
bar on ratchet guides on either side of the rack as the
cans are held in place. Itis visualized that the assembled
rack will be inverted and the flex applied from below by
2 controlled spray or brush so as to reduce danger of
getting the flux inside the cans.

b. BASE SEALING MACHINE

Purpose: To seal crystal units in a controlled
atmosphere.

Requirements: The machine will be capable of
handling 400 crystal units and passing them through
an induction coil (one at a time), after evacuating and
flushing them with a dry gas. The machine will be
capable of mixing nitrogen and helium as the filling
atmosphere or of handling cither alone.

The machine cycle (for sealing 400 crystals) will
be on the order of 25 minutes.

Visualization: An automatic cycling machine of
these capabilities has been designed and tested in prin-
ciple. The machines will be loaded with crystal units
prefiuxed and with solder applied, and will handle them
in special racks and trays.

STATION T, FREQUENCY CHECK
Includes Process 54, Frequency Checking

1. Material Entering Station

The average number of crystals being processed in
the base sealing machine will be 10,900, but of these
approximately 2% of 200 per day will be rejected

' Stations $—T

owing to failure to pass leakage quality control tests.
If the quality control procedure is suffidently rapid, an
average of 10,700 crystal units will be available for fre-
quency check,

2. Doscription of Station

The frequency and activity checking area will be
immadiateiy following the base sealing station. It will
consist of a single type of machine which is equipped
s indicate defective crystal units, depending on their
ability to pass frequency and activity tests at room
tempersture,

The machine envisioned will accept the racks of

stal units as they come from the base sealer and will
handle them automatically through the testing mechan-
isms. An operator will be required to load racks into
the machine. A test will require approximately 2.3
seconds or one rack of ten units will be fed into the
machine every 23 seconds. The theoretical capacity

of the machine will be 480 x%: 12,500 units per 8-hour

10,700
12,500

Hence, one machine will be required.

shift, and the efficiency will be x 100 = 86%-

3. Operator Tasks

The operator wili be required to feed the machine

25 above and to remove defective units as indicated by
the machine, Only one operator will be required to
keep up with the machine at the dited rates and to unplug
crystals from ceramic blocks. Blocks will be placed in
tote boxes for conveyance back to Mounting and Cement-
ing (Station P)

Operators required 1

Operator efficiency 86%

" 4. Matericl Leaving Station

Approximately 300 units per day will be rejected
by the frequency chedk unit. This will leave s total of
10,400 units. However, Guality control sampling will
be used to choose a given number of each lot for a
final heat run, consisting of frequency and activity
tests beeween —55° and +90°C. A certain number of
lots will be expected to fail to meet Military Specifica-
dons. An average of 400 crystals per day may be re-
jected without compromising the rated goal of 10,000
units per day. .

5. Transfer to Next Station

The crystal units will be transferred to the Packsg-
ing ares in tote boxes or conveyors, arranged in lots
of the same frequency and order. Rejected crystals will
be scrapped or saved for later salvage of parts.
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6. Machine Specifications

a. FREQUENCY AND ACTIVITY CHECKER

Purpose: To test crystal units at foom tempera-
ture for conformance to frequency limits and effective-
resistance.

Regquirements: The sccuracy of frequency and
cesistance tests are not firmily fixed and will be the
subject of future study. However, the checking machine
probably must be nearly an order of magnitude more
accurate than the Military Spedification (=20.005%)
over the frequency range, and the resistance sensitivity
perhaps within one ohm. The machine must be capable
of handling crystal units automatically and testing them
on 8 “go-no go” basis at the rate of 26 crystals per
minute or better. The unit must also cover the range
of frequency and activity of the crystals of this contract,
and changes in limits must be made simply and without
requiring excessive skill or time. The resistance of the
crystal may be checked solely against an upper allowable
limit without the need for actual measurement of the
resistance value.

Visualization: The units as envisioned will be
a desk-type machine, similar in appearance-and mechan-
ical handling equipment to the Final Plater. The elec-
tronic equipment will consist of & modification of the C.I.
Meter and of a simplification of the counting and control
equipment of the Frequency Sorter or of other com-
mercially available counting equipment. The mechan-
ical portion will accept crystals in the same racks ss used
in base sealing and other processes.

STATION U, PACKAGING
Includes Process 55, Packaging

1. Material Entering Station
An average of 10,000 crystal units per day will

_ enter from frequency check (Station T), the units being

plugged into ceramic blocks.

2. Station Description

The station will be comprised of benches, jigs and
mechanized equipment for handling packaging material
and packing crystal units. ‘The location of the station
will be adjacent to Station T and to the shipping room.
Containers for packaging the units (or machinery for
fabricating the containers) will be stored in this area.

Operations will be mechanized in order to reduce
the operator task. Crystal units will be kept separated
according to frequeacy and passed to the packaging
beach.

Two operators will probably be required to box
an average day's output of 10,000 crystal units, together
with a third utility operator who will arrange stock
and assemble packaging material.

3. Operator Tasks

a. Package Crystal Units ( 10,000/day)
Estimated packaging time 12
Units packaged per operator
No. of operators
Operator efficiency 87%

units/min.
5,000/day
2

4. -Material Leaving Station

10,000 packaged crystal uaits per day will be stored
in the Shipping Room.
5. Transfer to Next Station

Manually, to Shipping Room.

6. Machine Specifications
(None established.)
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Maximum Order board
(per month)

CR-18/U

e S m—nr v € T

Frequency Quantity Freguency
43000 mc. 12000 . 8.387500 mc.
6.091666 . 2689 . 8.516666
6.183333 2689 8.637500
6.258333 2689 8.775000
6.425000 2689 8.850000
6.516666 2689 8.887500
6.591666 2689 9.5375
6.758333 2689 9.6375
6.850000 2689 9.7375
6.887500 . 9.8375
6.925000 2689 9.9375
7.091666 2689 10.0000 °
7.137500 10.0375
7.183333 2689 10.1375
7.258333 2689 . 102375
7.385500 2689 . 103375
7.425000 . 104375
7.516666 2689 12.950
7.591666 2689 13.050
7.637500 2689 13.150
7.758333 2689 13.250
7.775000 13.350
7.850000 2689 13.450
7.887500 - 2689 13.550
7.925000 2689 13.650
8.091666 13.750
8.137500 2689 13.850
8.183333 2689 . 15.000

Total CR-18/U Crystals (page 99)
Total CR-23/U Crystals (page 100)
Grand Total

.\::::w:vﬂy_.\?;-"n Sigpephrere 4
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Maximum Order Board
(per month)

CR-23/U

v - A, 318 et

Frequency Quantity Frequency Quantity
1. 31449 mc. 240 47. 45.85 mc .120
2, 32449 240 48. 45.900 1440
3. 33449 240 49. 46.100 1440
4 34449 240 50. 46.300
3.  35.449 240 51. 46.35 120
6. 36449 240 ’ 52. 46.500 1440
7. 37449 240 46.700
8. 3785 120 54. 4685
9. 3833 55. 46.900

10. 38.449 240 56. 47.100
38.83 57. 47300
12, 39.35 58. 47.35
13. 39449 47.500
14. 39.85 60. 47.700
40.35 47.85
16. 40449 47.900
17. 40.85 : . 48.100
18.  41.35 ’ ’ 48.300
19. 41.449 48.35
20. 4185 : 48.500
21. 4235 48.700
22, 42449 48.85
23. 42.700 . 48.900
42.85 49.100
42.900 49.300
43.100 49.35
43.300 . 49500
43.35 49.700
43.449 49.85
43.500 49.900
43.700 50.100
43.85 . . 50.300
43.900 50.33
44.100 50.500
44.300 50.700
44.35 50.85
44.449 50.900
44.500 51.100
44.700 51.35
44.85 51.85

44.900 52.35
52.85

53.35
53.85
54.35
54.85
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Typical Order Board
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Appendix i

Summary of Major Equipment and Labor Requirements
(200,000 Crystal Units per Month, One Shift Opsration)

Station
A, A’. Mouat Stones,

G.

H.

Sections Orienta-
<ion Cut and Sense
Codes

Initial Etch
Prepositioning
Section Sawing

Wafer Sawing

Dicing

X-ray/Thickness
Sorting .
Lap Carrier Loading

L, L, M, Lapping

M.

Contouring

J. Condition Lapping Plates

K
N.

Frequency Sorting
Final Etch

Base Plate

Mounting and Cementing Blanks

Adjustment Plate
Prepace Cans

APPENDIX Ul

Egsipment
Stone Oven
Section Ovea
Table Saw
Photo-Polariscopes
Orioscope
Initial Etch Machine
X-ray Prepositioner
Section Saw
Jig Degreaser
Section Separator
Wafer Saws
Jig Degreaser
Wafer Separator
Wafer Mounting Machines
Ultrasonic Dicers
Dewaxer (Separator)
Cartridge Loader
X-ray Sorter
Thickness Sorter
Carrier Loaders
Lapping Machines
Blank Washers
Inspection Stations
Contouring Machines
Blank Washers

- Lapmasters {36”)

Frequency Sorter
Final Etching Machine

Degreaser

Coanveyorized Drier

Etch Holder Loader

Base Platers

Mask Loader

Pre-Aging Oven

Mounting & Cementing Machine
Conveyorized Air-Dry Table
Curing Oven

Degreaser

Final Platers

Frequency Stamping Press
Washer, Rinser

Drying Oveu

H, Annealing Ovea

Base Sealer

Solder Preform and Assy.

Frequency Checker

b
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. APPENDIX IDa
ROUGH CUTTING AND SORTING PROCESSES
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Appendix Il

APPENDIX
INTERMEDIATE O

gt

e e ST
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«TRASIC SARTNROL] ey e
TO CARTRIDGC LOADING(23)

~CARRICRS
=== T " rromtsn
28. LAP CARRIER LOADING|
CARRIER BLANKS REMOVED
FROM CARTRICGES 8 LOADED
INTO CARRIERS, CENENT LM
APPLIED,
CARRIER CAMEITY:
04907 0IA. BLAWKS» 3
Q375" DI BLANKS+ 4
AVO, 345 BLANKS/CARRIIR

FROM SORTED CARTRIOGE €TORAOE

14,600 BLANKS/OAY

CARRIERS

14,600 BLAN
4220 CARRCRS
SPREADSO 00T
7,900-04950Dx

(5 WITH SOLVENT LAPPED

IIb
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LAPPING
LVENT (zs;:m:l
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e
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CARTRIDGE LOADING

32.FREQUENCY
SORTING

SORTING INTO FREQUENCY | CARTRIDGES
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1 L
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RATIO RANGE 318 HC,
INCRIMENTS 1-200 K&
laccumacy aoit®

CAACKED &/0R BADLY
[CHIPPED OR BROKEN BLANKS
REJECTED BY WANUAL
INSPECTION

3,400
DAY

AEJIECTS
$00/DAY

SASKETS

{BASKETS)

13,400 SLANKS
$PREZAD 0 00OF"
Lrs—1sth)

CARRILES
TO (33}

-i —— e 2
H

SE.SEPARATION,
INSPECTION @&
CARTRIDGE LOADING { CARTRIOGES

-
]
]
H

35.WASH BLANKS
SEE PROCESS (30)

RTMILGES

e e e e e G > e —— — . - o

37. FREQUENCY
SORTING
SEE PROCESS (32)

-

CARTRIDGCES

SEE PROCESS(31) 12,800 BLANKS
REJECT BROKEN, CRACXED |12 300 0000
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Appendix Il

APPENDIX Ie
FINISHING OPERATIONS

-t M

-
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rROM CANTRIOS i WOLDERS
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FREQUENCY ¢
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-8/ eNOM + 3311

47A.PREHEAT 478.BASE PLATING 48.PRE-AGING
120°C GOMINUTES 429°C 13 MNUTES

11500 BLANKS
4450+ CR-2VV
$850-CA-10/U
6,00000490° AMOUNT PLATED,
8,100+Q378° CR-23/U-0831,
CR-187V 1

-Q.7
SPREAD-0 21
YIELD+99% |

RICTLY

11,100 BLANKS/DAY

FREQUENCY B SPREAD:
CR-23/UsHOMI8 £.188
CR-1B/U » NOW. * 23218

TOlE) = 3 SOA. AIR_DRY (508, CURE CEME!
CEMENT 120°C S HOURS
1 30 MINUTES AT ROOM

498, BASE TEMPLRATURE
MOUNT & (ASSEMBLY TO RACK

CEMENT UKSEALED
INSERT BLANKS 1N
SASLS

CRYSTALS
11,10070AY

aLocxs
FROM (37

56.FREQUENCY
STAMP CANS
STAMP W
WITH ORDER TICKETS
ACCOM

CRYSTALS ENTERNG
{s3)

2 ASSEMBLE CANS, . 54, FREQUENCY
CHECKING

RACXS OF

ADJUSTED
CRYSTALS
SO0/OAY

NOM.2.001 %
ALL TYPES

LSt

: ASSUMED LOSS OF 600 CRYSTAL
UNITS/DAY M QUALITY CONTROL
INSPECTION LEAX DETECTION &
WEAT RUN

-

T I et o s e R PT

PARA

"

Declassified in Part - Sanitized C roved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2



Declassified in Part - Sanitized Copy Approved for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2

i L T e S AdiaadtY

o .y e g
—

El

Appendix IV

APPENDIX IV
Frequency Chart

The accompanying chart is a complete outline of the
changes in frequency, thickness, and spread which occur
during the processes chosen for the Mechanized Quartz
Crystal Plant, from the sawing of wafers to the final
adjustment plating of crystal units. The spreads of fre-
quency or thickness shown are expressed in terms of
standard deviations (o) where spread is taken as equal!
to 6o. Other terms used in this chart are explained in
the Notes.

The examples (nominal frequendies) for which
calculations are given were chosen on the basis of their
relative demand as indicated by the Maximum Order
Board (Appendix 1), and indicated percentage-wise ia
the fourth column of this chart. Where the demand
shown is zero, the examples were taken because they
are terminal frequencies (ie., the highest or lowest
frequency of each crystal type considered in this con-

~ . -

Déclassified in Part - Sanitized Copy Approve

tract), or significant because of & change in blank
diameter.

The chart is useful in estimating the changes in
thickness or frequency or tolerance which occur various
stages in lapping and finishing. For example, the
amount of quartz removal for each stage in lapping is
shown, from which the average lapping times may be
estimated. Also, the range and accuracy required of
various measuring and sorting instrumects can be de-
duced from the chart. What is more important, the
chart serves as a preliminary schedule of operations and
of quality control points throughout the plaat, from
and subsequent to the wafering process.

In this chart, ranges are 2dded by combining them
statistically, that is, the spread resulting from two pro-
cesses, each of a given range, is the square root of the
summation of the squares of the individual ranges.

d for Release 2013/08/12 : CIA-RDP81-01043R002200150005-2
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CR-18/U
(First Harmonic)

CR23/U

(Third Harmonic)

Freq.
Range
(mc.)

Nominal Freq.  Blank Diam.

(me.) (in.)

% Demand (1)

Usnsorted Blanks Sorted Blanks

First Lag]

Thickness Range
Average of
Lots used (1)
(inches)

and Wafers.
Thickness Thickness
(Nom.) Range
(incbes)

Fundamental
Nowm. Freq.

Jrinom

(me)

2z
Angle

Na

£

Amt. Removed Thickness (*)
Average Lo

(in.) (in.)

4360 43(%) 490
6.0-9.0 6.1 490 .

. 89 490
9.0-115  ~ 9.5 375
104 375
129 375

11.5-18.0

15.0 375
18.0 375

6.0

48.1(7)

43 35°15" .033 006 .033

6.1 17.5 .029 006

89 17.5

9.5 20
104 20
129

15.0
18.0

013 0200
016 0154

0120
0115

0109
0096

.0089
0082

17.0 490
25.0 375
315 375

17.0-25.0
25.0-54.0

465 375
46.7(4)
468 375

540

5.667
8.333
10.5

016

SYMBOLS AND SUBSCRIPTS

fundamental frequency at any stage
nominal frequency (after final plating)
first lap

second lap, etc,

= ratio of f frequency i
expressed in megacycles, (fy, ou-)?

to the square of the nominal fundamental frequency

NOTES
(*) Blanks sorted into 3 ranges each type, .0¢

(%) Flat order board distribution in this rang; _
(%) All blanks made for this frequency wouldmn
(*) Order board peaked at this frequency.
66.60

f, i
(*) Assumed 2:1 improvement possible in firs}

(5) Formula: thickness, t = used th

1043R002200150005-2
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Firss Lap

Amt. Removed  Thickness () Thickness Frequency
Average from Range (%) o a
(in) (in.) (in.) (me.)

Thickness
Range
(in.)

15t Freq. Sort ()

Range

(ke.)

APPENDIX IV FREQUENCY CHART

Freq.

Amount  Thick,  Tbick.  fimn
Removed t,  Range (308 ') Range  Range
(in.) (in.) Gn)  (me) (ke.) (1)

—

013 0200 - 001 T 333
016 0154 001 4325

o015 0120 001, 5.550
o15 o115 4 5.791

0109 6.110
6.938

7.483

8.122

0002
0002

0002
0002

33.3
56.1

92.5
100.7

1iz.2
1445

176.0
198.1

3.9292 23.2 125

5.3796 43.5 117

003 01695 0001
003 0:238

003 K K 7.4413 83.2 1.05
7.8630 92.8 1.03

84625 1076 1.00
10.0452 151.6 0.94

11.2881 191.4
12,9070 250.1

4.382
5.791
6.796

NOTES
(1) Blanks sorted into 3 ranges cach type,
(?) Flat order board distribution in this range.

(3) All blanks made for this frequency would be used only on tha
(4) Order board peaked st this frequency-

66.60
(5) Formula: thickness, t = —?——uscd throughout
1

(%) Assumed 2:1 improvement

Declassified in Part - Sanitized Cop

68.19), center

002" wide. Distribution is
15.8% 20 £a

¢ order.

possible in first and second lapping stages.

¢ = thickness in mil-inches
£, = fundamental frequency in megacy

57.7
100.5
138.7

20
ch side of nominal.

Approved for Release 2013/08/12

5.4491 446
7.8723 93.1
9.7797 142.7

14.0211

15.9712

cles/second

2nd Freq. Sort
Amount Thickness
Range(’)  Range(?)  Removed Average
ke. ;) (in.) (in.)
01545
.01088

4.6 0.25 0015
87 0.23 0015

021 0015 00745
021 E 006974

0.20 K 006367
0.19 R 005126

004404
003664

011720
007959
006310

004245

0005 003667

(1) Assumed 5:1 improvement in sorting stages.
) (i, —f 5 sea) 0 b ’
©) (fa sz —oow) /6 (Ui of 2
(1) Raoge of (kc)/6*

(1) + Designates freq. increase
“Maximum Order Board".

(12) From
rons of third barmonic for CR23/U

(13) Deviation in te

Freq.
fuar

(me.)

431017
6.12047

8.94357
9.54964

10.459%
129915

15.1238
18.1782

5.6827
8.3680
10.5551

15.6882

18.1620

Third Lap
F. above .
Nowz. (%)
- (ke
1017
20.47

43.57
49.64

5949
9153 .

123.75
178.2
16.06

34.70
55.13

For frequendies ranges not shown in second columa

crystals units.

: CIA-RDP81-01043R002200150005-2




Final Etch

2nd Freq. Sort Third Lap 3rd Freg.-Sort Freq. Above Range
A Amount Thickness  Freg. F. above F. above Nom. after Range
lange (7) Range (?) Removed Average foa Nom. (*) Nom. (*) Frequency Range(**)  Range  Range  Amt. Etcb () Range Etch After Etch Amt. 3 . P. Min.
ke " (in.) (in.) (me.) (ke.) 1) (ke.) (" (ke.) (f*) (+1*) (+f*) (+h%) (629 (—1*) (—f"
01545 431017 1017 +0.55 37 0.2 3.7 02 0.12 0.93 0.24 0.70 . . 0.07
01088 6.12047 2047 +0.55 74 0.2 74 02 0.12 © 093 024 0.70 . 0.07

00745 8.94357 43.57 +0.55 158 0.2 15.8 0.12 0.93 024 0.70
006974 9.54964 49.64 +0.55 18.0 0.2 18.0 0.12 ) 093 . k 0.70

006367 10.4595 59.49 +0.55 - 216 0.2 21.6 0.12 093 R 0.70
005126 12,9915 91.53 +0.55 322 02 322 0.12 0.93 0.70

004404 15.1238 123.75 +0.55 0.2 45.0 0.12 0.93 0.70
003664 18.1782 1782 +0.55 . 0.2 64.8 0.12 0.93 0.70

5.6827 16.06 +0.50 02 64 0.10 0.71 0.55
8.3680 34.70 +0.50 0.2 13.8 0.10 on 0.55
10.5551 55.13 +0.50 0.2 220 0.10 0.71 0.55

76.5 0.24 0005 003667 18.1620

| Assumed 5:1 improvement in sorting stages.
T (frs s —f1 s wem) in b

(f1s 3. —Faom) kc/f,3 (Units of f,*

JRange of (ke)/A*

', + Designates freq. increase

From “Maximum Order Board”. For frequencies ranges not shown in second columa there is no demand
Deviation in terms of third harmonic for CR-23/U crystals units,




Appendix IV

Final Etch Base Plate

Third Lap " 3rd Freg. Son Freg. Above Freg.
Freq. P. above F. above Nom. after Range Range Abose
foa Nom. (*) Nom. (*) Frequency ~ Range(**)  Range  Range  Ag, Eich (")  Range Etch After Etch Ams. of B.P. Nom. Min. Max. Range
(me) (ke) (1" (ke) ) Cke) (1) +" (+H  (FHD 1) -1 N (Y (=)~ @ Ke(m (4"
431017 1047 +053 37 02 37 02 038 012 0.93 0.24 0.70 020 023 y 007 039 £0001 0043  %.0023
6.12047 2047 +0.55 74 02 74 02 012 093 0.24 0.70 0.20 o : 007 039 40001 0061  .0016

Final Plate

8.94357 4357 +0.55 15.8 . 15.8 . 012 093 0.24 0.70 0.20 023 0.07 039 40001 %0089 =.0011
9.54964 49.64 +0.55 . 18.0 0.12 0.93 024 0.70 0.20 023 0.07 039 +0001 %0095 X001

10.4595 59.49 +0.55 .. 21.6
12.9915 91.53 +0.55 0. 322

0.93 0.20 023 0.07 039 40001  *0104 ==.0011
0.93 023 0.07 039 +0001 %0129  .0008

15.1238 123.75 +0.55 X 45.0 : 093 . on 0.07 039 +0001 %0150  %.0007
18.1782 1782 +055 4 . 648 % 0.93 . 023 0.07 039 +0001  *0.180  £.0006

-

5.6827 16.06 +0.50 . . 64 . . 0.7 0.005 0315 40001  =0.170
8.3680 3470 +0.50 ¥ . 0.71 0.005 0315 =£0.001 +0.250

10.5551 55.13 +0.50 . . 071 . 0.005 0315 %0001 %0315

15.6882

18.1620

‘zes not shown in second column there is no deman
‘suls units, .

1043R002200150005-2
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APPENDIX V
d Yields and Shrink in hanized Crystal Unit

el

Process Input to Process Shrinkage in Process Process Yield Cumulative Yield
No. Process Group Pieces Weight  Pieces Weight GPieces YWeight 9 Blanks G Weight oBlanks JoW cight Remerks

(stones) (see note*)
14 Stone Inspection to N 250 gram stooes, none re-
Stone Inidal Etch 175 96.5 Ib, 1.5 b, 0.0 15 9B.5 98.5  jected

= s

Section Stones 175 950 348 0.0 36.5 2.6 sect./stone avg. wt. 60g.
(sections) (sect) (sect.)
Inspect Sections 450 602 30 36 67 60

‘Wafer Sections 420 566 40.7 — 73.0

==

20 wafers avg./sect., avg. wt.

0.85g.

‘wafers) © (wafers) Undersized xejnfud; mark

¢ 1ooo) 20 ¢ 119 126 g 4 other defects, dice all > 2

blaoks .
Avg. yield 2.5 blanks per

wafer (before insp.)

On uninspected blanks (raw
iced)

(wafers)
8400

Inspect Wafers 159

Dice Wafers 7400 139

(blanks) (blanks)
3600 19.5 diced!
i . lnspected blanks (14,900)
;‘o’i‘ 7 & Thickaes 20 .4 . assumed 100% for blanks
yield figures. |

Inspect Blanks

el e

300

Primary Lap 600 41 .

Frequency Sort 600 43

Secondazy Lap 600 45

Frequency Sort 500 39

Final Lap 00 © 4

Frequeacy Sort 500 42

Final Etch . 09 :

Base Plate/Preheat . . 09 . . Includes aging prehest
Mounting and Cementing 09

Adjustment Plate . .

Base Sealing & Leak Det'n 18 Quality Control Test
Activity & Freq. Check 28 ]

Final Heat Run . Quality Control Test
Packaging

=
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Appendix 6-1

APPENDIX &-1 .
EFective Resistance vs. Frequency for Crystal Units.

The choice of blank diameters for crystal units of marized in Table 6-1-1 (below). Following the table
the frequency range to be produced in the Mechanized we have listed the important crystal design factors for
Plant is in part based on the Military Specification for the test conditions.
effective resistance. Measurements have been made over The table and accompanying notes show why it is
the range of frequencies for the two diameters selected, necessary to use the larger blank size below 9 megacycles
and the results have been compared with the specifica- for first barmonic units and beiow 25 megacycles for
ton allowance. The results of these tests are sum: third harmonic units.

Table 6-1-1

EFEECTIVE RESISTANCE vs. FREQUENCY FOR
CRYSTAL UNITS

CR—18/U

Nominal Frequency Allowable Effective Effective Resistance Measured
Resistance MIL-C-3098B 0.490" Diam 0.375" Diam

43 mc. 120 ohms 60 ohms 150 ohms
66 50 25 ' ) 120
70 s0 24 80
7.8 3s 12 20
8.7 11 ' 15
s 11
—_— 7

(on third harmonic)
17. mc 18.3 ohms 24.5 (1)
25 : 15 21 (1)
30 : : s L. s

“s ) 17
50 17

Note (1): Although effective resistance for 0.375" diam. is well below Mil-C-3098B specification, best runs in this
frequency range (17-24 mc) indicate that the larger diameter (0.490”) is i

e S S S

CR—18/U

Diameter of blanks: 4007 + .002” and 3757 & .002"

Diameter across flat: 4737 = 002" and 3617 & 002"

Surface finish last lap: 8 micron (Scientific Abrasives)

Final Etch (with HF): 0.31f*

Baseplated (Aluminum): 0.9

Crystals mounted in standard HC-6/U bolders, .006” wires and cemented with Bakelite Silver Cement. No cans.
’ CR—23/U

Diameter of blanks: 490" == .002” and 3757 X 0027

Dismeter across flat: 4737 = .002” and 3617 X 002"

Surface finish last 1zp: . & micron (Sdentific Abrasives)

Final Etch (with HF): 0.21*

Baseplated (Alumitum) : 0.7f% .

Crystals mounted in standard HC-6/U holders, .006" wires, and cemented with Bakelite Silver Cement. No cans.

109

“ e
PRy
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Appendix 15.1

APPENDIX 15-1

Choice of ZZ’ Angles for AT-cut Wafers in the Frequency Range
4.3—18mc, (CR-18/U) and 17-54 mc. (CR-23/V)

The optimum ZZ’ angle for AT-cut quartz crystals
of a given frequency has been the subject of many
investigations, published and unpublished. There is
not entire agreement among the various authorities 2s
to the angle resulting in the lowest temperature coef-
ficient of frequency variation. Some discrepancy is due,
perhaps, to different methods and precision of measure-
ments, of slight variations in the interpretation of the
basic crystallographic data, and in experimental dif-
ferences in such parameters as the diameter/thickness
ratio, (d/t).

In view of these varying interpretations, the target
AT angles chosen for the Mechanized Quartx Crystal
Plant have been based on the results of the operations
of the Quartz Crystal Division of the Bulova Watch
Company, in which the types of crystal and mesasure-
ment means are similar to those selected for the mecha-
nized plant. The curves of Fig. 15-1-1 show the angles
which have produced satisfactory crystals for d/t ratios
equal to or greater than 35. This ratio will be substan-
tially exceeded in our crystal design.

A deviation of approximately = 3’ of arc from the
optimum ZZ’ angle fer frequency can be tolerated
without sacrificing crystal quality. Using this criterion,
the optimum curve can be approximated by five steps.
However, certain brezk points exist for which changes
of blank diameter and thickness have already been estab-
lished through other criteria. (See Appendix 16-1 for
example.) To maintain & minimum number of blank
types, the break points for ZZ’ angle have beea made
at those frequencies wherever possible,

The resulting approximation is shown in Figure
15-1-1, and requires only one additional angle break,

aner
&85

for a total of six ZZ’ angles, three blank thicknesses and
two dicmeters. The target angles are placed between
the breaks, allowances being made for the relative
number of crystal orders expected at each frequency.

It will be noted that the Hoffman wafering saw is
by no means capabie of holding angle tolerances as
small as & 1’ or less (which would be implied from the
graph), and as a matter of fact, the combined saw and
prepositioning tolerances may be no better than == 3’ of
arc. This means that the blanks must be sorted by ZZ’
augie to within approximately 3’ increments, in order to
reduce the spread. In order to keep the angle within
3’ of optimum, each angle type must be sorted into at
least two increments, and there will be some loss of
blanks by virtue of being out of tolerance at either end
of the angle spread.

If, in order to improve yield or crystal quality,
it should prove desirable to shift the target angles some-
what, the design of the prepositioning fixtures will be
such as to permit this to be done easily.

Table 15-1-1
WAFERING ANGLES
Frequency Range
43— 6.0 mc.
6.0— 9.0 mc.
9.0—11.5 mc.
11.5—18.0 mc.
17.0—25.0 mc,
25.0—54.0 mc,

ZZ' Angle
35° 1 = ¥
35° 17.8' = ¥
35% 20" 4 3
35° 225" = 3
35° 258" + 3
35° 268" = 3

Type
CR-18/U
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Appendix 161

APPENDIX 16-1
Thickness of Wafers

This appendix discusses the means of arriving at a
choice of target thicknesses for wafers produced in the
mechaaized plant,

The decision as to the thickness to saw wafers
from X-sections is based on a pumber of factors, among
them being:

The range and distribution of the crystal fre-
quency orders (Order Board).

The surface finish produced by the wafering saw
and blade.

The minimum thickness possible with a given
wafering saw.

The spread of thickness variations produced by
the saw,

The thickness sorting procedure used on the un-
lapped blanks.

The lapping procedure—gnumber of stages and
the grit sizes.

The lapping rate and desire to keep lapping time
at a minimum,

The crystai design, with respect to optimum
angles and diameters required,

The desire to maintain 2 minimum number of
wafer types, (Cost of saw set-up aad minimum
inventory.)

The overall yield of wafers, including breakage
after sawing.

The state of the crystal art and the amount of infor-
mation available makes it necessary to treat many of the
factors qualitatively; hence a certain amount of judg-
ment and experience is needed in the fina! choice.

The factors related to saw-blade finish, lapping, and
crystal quality can be summarized in a single parameter,
minimum removal. The total minimum removal must
be sufficient to remove all saw marks; in the case of the
Hoflman saw this has been experimentally determined
to be .0105”. The minimum removal in each lapping
stage must be sufficient to remove all traces of grit used
in the previous stage. The removal in Primary Lap must
be sufficient to make the total removal .0105”, This has
been discussed in more detail in Progress Report No. 21
of this contract (dated 26 June 1956), and is summarized
in the accompanying. graph (Figure 16-1-1) and the
table below, reproduced from that report,

Table 16-1-1

MINIMUM QUARTZ REMOVAL and
LAPPING STAGES

Abrasive

25uSiC

124$iC (Crystolon)

81A1:04 (So. African Corundum)

4pA1,05 (So. African Corundum)
Total Removal

Minimum Removal for
CR-18/U CR-23/U

006" 0077
003”7 .003”
00157

.0105”

* Permanently suspended in synthetic oil, as manufactured by Scientific Abrasives Co.

Allowing some safety factor for variations in saw
quality, grit size and other lapping control factors, a
minimum removal of .012” has been established,

The Hoffman Multiple blade wafering saw, as used
in our experiments, is capable of maintaining a total
thickness spread of == .003”. Hence to reduce loss by
virtue of undersized wafers, the target thickness of
wafers cut should be .015” above the final thickness of
the blank. The final thickness is determined by the
nominal fundamental frequency of the crystal, and is
shown as the lower curve in Figures 16-1-2 and 16-1-3,
as computed by the standard formula. (In actuality,

112

the blank is lapped slightly below theoretical to achieve
a frequency approximately 0.5f2 above nominal, to
allow for plating back, The amount is negligible, cor-
responding to a few ten-thousandths of an inch.)

The upper curve in these grapks would represent
the optimum target thickness of wafers sawn for the
corresponding frequencies. This is a continuous curve,
however, aad must be broken into straight-line incre-
ments for any practical production system.

The smooth curves can be reasonably approximated
by a choice of three target thicknesses, a5 shown in the
two graphs, All three are required for CR-18/U pro-
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duction and two of the same three chosen for CR-23/U.
Thus, the number of saw set-ups is reduced to three. The
thicknesses finally chosen lie two or three thousandths
above that required by the .015” target curve. The
. additional allowance has been made from considerations
of saw capabilities and yield, as well as fragility of the
final wafer and handling difficulties. It appears now
that the Hoffiman saw is capable of achieving a good
yield of wafers with target thicknesses as low as .020”.
However the question of wafer handling is somewhat
in doubt, so that thicknesses chosen may be regarded
as conservative, subject to revision downward without
change in the overall system picture.

It should be ncted that the possibility of thickness
sorting and the variations in demand of cach erystal
frequency alter the finzl picture somewhat. If the blanks
are sorted into increments, there is a most desirable

increment (usually the lowest) within the nominal thick-
ness and spread and within the optimum ZZ’ angle and
diameter requirements, to produce a given crystal, If
the demand for that frequency is high, however, it is
probable that all blanks within the sawing range must
be used to produce it, since the lowest increment (assum-
ing normal distribution) will have less than 16% of the
total number of blanks produced. If the demand is low,
it is probable that a suffidient number of blanks requir-
ing the least lapping will be in stock.

The circled points on the plots of Figures 16-2 and
16-3 represent the center of the sorted increment that
would actually be used to produce a specified frequency,
assuming that the increment width was .0027, the
original saw cut distribution was normal, and the crystal
demand that specified in the Maximum Order Board.

The nominal wafer thickness for the frequency
ranges indicated are thus summarized in the table below.

Ycble 16-1-2

Crystal
Type

Freguency
Range
me,

Nom.
Angle

Blank
Diameter

Wafer
T bickness’

033 = 003

43— 60 35° 15 490
6.0— 9.0 35° 17.5 A490 029
9.0—11.5 35° 20 375 025
11.5—18.0 3s® 22.5 375 025

17.0—25.0 35° 25" 490 029
25.0—54.0 35 26.5" 375 025

CR-18/U

.003
.003
.003

003
-.003

KRNI
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Appendix 22-1

APPENDIX 22.1
Rough Orientation of Crystals in the X-Ray Sorter

This appendix discusses limitations on the dimen-
sion of the flat on the round blanks, used to orient them
in the X-ray sorter of the Mechanized Quartz Crystal
Plant.

The smallest allowable flat on rthe crystal blank de-
pends only on the coefficient of friction whereas the
largest allowsble flat depends on mechanical conditions.
The crystal has to rotate until the flat reaches the carbide
slide. During this rotation the flat has to pass the three
rollers which press the crystal to the carbide slide and
this is only possible if at least two rollers are always in
contact with the circular portion of the circumference
of the crystal.

|
e o — "\ CARBIDE SLIDE

Therefore the largest allowable flat is given by the
positioning of the rollers over the crystal. Theocretically,
it is possible to have 2 90° angle between the common
centerlines of the crystal and each roller, but practically,
this angle should not be larger than 60°. This results
in the largest permissible flat equal to the radius of
the crystal.

ROLLER

DIRECTION OF
MOTION OF SLIDE

The crystal is pressed down by three spring loaded
rollers, which together produce the total force P. The
movement of the surface, on the which the crystal is

sliding, creates 2 force Py, where x is the coefficient of
friction between the crystal and the slide.

When the slide moves, the crystal pushes against
one roller at point A. The force P is then split into two
forces:

L. P-Px Tana
and IL Ps Tane

Shortly before the crystal tries to turn over, the
reaction force P is acting on one end of the fat and
produces a moment, which acts to prevent che rolling
of the crystal. Two moments are developed by all the
forces on the crystal. Moment M; acts to turn the
crystal.  Moment M acts to stop the crystal from turn-
ing.

The crystal will be oriented properly if M;<M,
and therefore the crystal will not turn after it is on the
flac.

Limit conditions are M; = M., and under this con-
dition the smallest allowable flat is determined. (a
= faw)

‘The two momests are:

M, = Pub

where b = h 4+ Rsin o

R —. =
4

PﬁVR’—:—-f‘RSinc

P~ Putan o -:-+Pptana C
( )=

h =

therefore
M, =

and M, =
2
wbemC‘Tr{-Rmﬁa

therefore
M, P(-'— + iR tan « cos a
2

when M; = M,:
Px \/112—-2—: +Rsin¢=P‘%+pRsin¢)

resulting in: 2, = -'—D—

ViF &
where D = Diameter of the crystal,
for a,,, expressed in fractions of D is ¢
& ;i

. VTR

and ¢ = D m
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The analysis shows that the length of the smallest
flat in relation to the diameter of the crystal depends
only on the coefficient of friction between the crystal
and the slide.

It shows also that the diameter or location of the
rollers over the erystal has no influence on the security of
orientation of the crystal.

Ie was observed that proper orientation of
with 2 diameter of .375” was possible only if the length
of the flat was equal to or larger than .125”. This in-
dicates that the apparent coeficient of friction is ap-
proximately p = 0.35 for clean fresh crystals sliding
on & surface of polished tungsten carbide.

From this experimcntally found value of n the
smallest allowable flat on the 0.490 inch diameter cry-
stal can be calculated. This calculation shows that the
smallest flat for proper orientation is 0.163 inch,

SUMMARY

The dimensions of the flats of the crystals used in
the X-Ray Sorter are:

Diameter © Bpga Rax
0.375 0.125 0.187

0.420 0.163 . 0.245
(All dimensions in inches)

L ]
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APPENDIX 22-2
Cost Estimates on Dicing of Quartz Blanks

Presented below is & comparative cost study of two
methods of dicing which was prepared in order to
establish the process design goals. It is not based on the
exact quantities of blanks specified in the body of this
report, but as a comparison, the results are believed valid.

These cost estimates have been prepared to compare
Process 'A’, the contemplated -ultrasonic method and Pro-
cess 'B’, a composite of the best current methods used by
the quartz crystal industry.

The processes have been analyzed on the basis of
the following precepts:

a) Cost of quarz material, conveyor equipment
and general plant maintenance has not been included.
b) Capital equipment has been amortized over
five years, straight line depreciation with no allowance
for scrap value.
c) The following constants are assumed:
One working day = 7 hours
One working year = 250 days

Plant output 20,000 diced blanks from
10,000 wafers per day
Direct labor charge of $12/day
(8 hrs. at $1.50).
d) Development costs are charged only to Pro-
cess ‘A’.
¢) Round blanks without flat oo Process ‘B’
f) Round blanks with oricated flat on Process
‘AL
g) Process plant area 6f 1,000 'sq. ft.
h) Degrease and etch time are not included.

Advuntages and disadvantages of cach process are
summarized in the estimates. The analysis shows that
the costs per blank are as follows:

Process ‘A'—$0.031 per diced blank
Process ‘B'—$0.034 per diced blank

Thus, on the basis of the above estimates it can be ..
concluded that the ultrasozic process "A’ is competitive.

PROCESS A
Ultrasonic Dicing
Preliminary Cost Estimate

A. .OPERATION

1. Inspect and layout wafers

2. Mount wafers to glass plates
3, Trim locating edge

4, Dice blaoks from wafer

5. Degrease and sort blanks

B. CAPITAL EQUIPMENT
1. Machinery—
a) Didng machine 4 at $15,000 ea.
b) Ovens and controls 3 at $500 ea.
c) Degreaser (automatic) 1/2 at $5,000 es.
d) Trays, racks, benches, etc.
e) Installation (pwr., air, water, etc.)

Tools & Fixtures—

a) Brazing, fixture for tool bits

») Induction heating generator

c) Cementing Fixtures 3 at $1,500 ex.
d) Inspection Fixtures 2 at $500 ea.
¢) Misc. (replacements, gages, etc.)

. Development—

No. of pes. No. of
Daily Operators
10,000
10,000
10,000
20,000

- 20,000
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PROCESS- A (Cont)

C. MATERIAL . cost/day
1. Tool Bits 40 at $1.00 ea. $40
2, Tool holder 4 at $150/62.5 days : 10
3. Wax 5 Ibs. at 5.00 25
4. Glass mounting plates 2500 at $0.026 ea. ) 65
S. Abrasive SiC 80 lbs, at $0.60 50
6. Brushes 4 at $5.00 20
7. Trichlorethylene 1 drum (55 gals.) at $0.13/Ib. 20
8. Miscellaneous 30
TOTAL $260
Total 5 yrs. (1250 days) $325,000

LABOR ) cost/day
1. Direct 12 at $12/day $144
Supv. 1 at $20/dxy 20
$164
2. Indirect (G & A) 15%, of item D-1 25
TOTAL $189
Total (5 yrs.) $236,000

BURDEN (1,000 sq. ft.) cost/day
1. Reat (including heat) $0.75/sq. ft./yr. $3.00
2. Utilities $0.15/sq. ft./yz. ' 1.00
3. Insurance & Misc.~$0.10/sq. ft./yr. 50
4, Maintenance 1/2 man x $60/day . 30.00

5. Miscellaneous,

i e = vt oy
' '
Sm—

TOTAL
Total (5 yrs.)
SUMMARY
1. Capital Equipment (Sec.-B)
2, Material (Sec. C) for 5 years
3. Labor (Sec. D) for 5 years
4. Burden (Sec. E) for 5 years

S. Daily operating cost, item F/1250 days
6. Cost per diced blank item F-5/20,000
. REMARKS .
* 1. Advantages— .
a) Reduces amount of operator skill required, training time per operator
and number of operators.
b) Oriented blank is cut directly from wafer.
¢) The process allows for simpler material handling and mechanization.
d) Increase in quartz yield of approximately 5%. :
. Disadvantages—
a) High capital expenditure required for machinery and equipment.
b) Maintenance required is more complex aad requires higher degree
of technical competence.

SN ey

A
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PROCESS B
Dicing (Round Blank)

Preliminary Cost Estimate

A. OPERATION No. of pes. No. of
. daily Machines

1. Mark X-Face of section 500
2. Inspect and layout wafer 10,000
2, Msunt and Dice blanks 10,000
4. Degrease and sort blanks 20,000
5. Round blanks 20,000
6. Sort blanks 20,000

P e e

B. CAPITAL EQUIPMENT
1. Machinery—
a) Felker Saw 80-BQ 2 at $1000
b) Dicing Saw 3 at $3000
c) Coolant pump & tanks
d) Kwik-Way Rounder 9 at $700

. Tools & Fixtures—
a) Dicing plates 40 at $150 ea.
b) Saw fixture CL-4A 2 at $150 ea.
c) Loading fixtures 40 at $100
d) Light Box 2 at $500

C. MATERIAL
1. Wax 5 Ibs at 5.00
2. Trichlorethylene 1 Drum
3. Coolant
4. Paper (blank spacing)
5. Dismond Wheels 6”—30 at $40 e2/2 yr. life
6. Diamond Wheels 47—60 at 25 ex/2 yr. life
7. Diamond Wheels 7/8-—10 at $100 ea//2 yr. life
8. Misc.

TOTAL

LABOR
1. Direct 31 op. at $12/dsy
3 supv. at 20/day

2. Indirect (G & A) 15% of item D-1

'T',"fg‘ ;;'v-.y SR, - ——yny

~ -
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PROCESS B (Cont)
BUR.DEN ) cost/day
1. Similar to Sec, E of Process A '
SUMMARY .
1. Capital Equipment Sec. B .
2. Material Sec, C. 5 yrs.
3. Labor Sec. D 5 yrs.
4. Burden Sec. E 5 yrs.

5. Daily Operating Cost item F/1250
6. Cost per diced blank item F-5/20,000
REMARKS
1. Advantages— .

a) Low capital investment - .

b) High order of maintenance skill not required
2. Disadvantages—

2) Greater number of operators required
b) Does not lend itself readily to mechanization.

- e o) ey e -+

~ -
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APPENDIX .26-1
Sorter Accuracy

INTRODUCTION

Three of the equipments under development on this
program are sorters. It has been necessary to devise a
means of evaluating these units as to sorting ability. The
derivation contained in the following pages makes it pos-
sible to calculate the sorting accuracy of a sorter with
respect to the three factors which describe the process:

1. Input Distribution—Because the probability
of sorting correctly will depend on the value of the
input item relative to the increment edges, it is neces-
sary to know how the input item is distributed.

2. Increment Widtb—The larger the increment
relative to the precision of measurement and the para-
meiers of the input distribution, the better will be the
sorting accuracy.

3. Precision of Measuremesi—This is a measured
quantity dependent only on the equipment measure-
ment zbility.

DEFINITIONS

The accuracy of a sorting device shall be defined
as the percentage of input items sorted correctly with
reference to one quality of the input item. Correct sort-
icg occurs when an input item is sorted into an output
sorting increment which contains the true value of the
reference quality.

LIST OF SYMBOLS
w Sorter output increment width
op = Standard deviation of precision of
measurement
True value of reference quality of it
input item
Measured value of reference quality
Probability that it input item is sorted in
increment containing y,
= Probability that an input item is correctly
sorted (sorter accuracy)
= Standard deviation of the distribution of
input items
Probability that dy contains y,
Probability that the it* input jtem is sorted
correctly and that dy contains y;

dpy,
dp

Let the measurement precision be defined by the
distribution function of Figure 1:

%

- 4 — X
W, o yi Y/,

Figure 1. Measurement Precision Distribution
Function

From Figure 13
P, = shzded area under curve
s
= ;’%—;{"//" «t L @ w

If the input is normal, Figure 2 represents the ia-
put distribution function:

s ||

Figure 2. Input Distribution Function

From Figure 2:

-”- y L]
Q“:.—“—;—;— - .(;T:) &y

By definition:

Therefore:

1 L ] 1 =~y 1
1 3 e /s 1 T
f’-a,_v;{f : Lvs 675 * et

An approximate solution of the above equation
can be obtained by assuming P, to be constant over small
ranges of y, and solving the follcwing equation (see

Figure 3):

y R { Ya
r=2 E!n‘Ql-’ PJ,: LITRR LY I::~ll * Py Iy. L4

/2 ¥y
vr, S dpa e 7 Pa ¢ ’a--f,: 9 ¢ '"}‘)

N ® u/s,

The value of P, is defined as the average probability

of range 0 to y,; Py, the average probability of range
¥a to ¥, and similacly for the other ranges.
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Figure 3. Approximaticn of P;

If it is assumed that w > Gay, the following table
can be constructed:

~ .
2 Vi

3o,

209, .99
o, 91

|

> % .76
o .60

Therefore, given any values for W, o and ay,, P
can be computed.

If the input is uniformly distributed, the calculation
of P becomess the calculation of the average ordinate
of Figure 3. The value of this based on the input
distribution over an integral multiple of w/2 is:

Poa +Py Gp-Yd+Pc Te-Tay=Pa Ug-7d o ¥ (1-70  (®
/8

P

For the values tabulated above, the sorter accuracy
P, is:

1 ¢ _;-:",4,0-'04-,.0.."';-.7. (0.80) + 8.8 0.8ry) ®

r -
2

CONCLUSION

Based on equations (4) and (5), it is possible to
calculate sorter accuracy as defined above. This analysis
indicates the dependence of the sorter accuracy on both
prior and following processes, as prior processes de-
termine the input distribution, 2nd the following proces-
ses determine the choice of increment width. By making
assumptions as to those twd factors and as to the sorting
accuracy desired, the required precision of measurement
of the sorter can be determined.

To demonstrate the use of this technique on the
X-Ray Sorter, an example can be presented. Assume
that the following parameters are given:

124

w 2 minutes
o 10 seconds
Oia 40 seconds
Figure 4 indicates how the increments are divided
for integration purposes:

>

-j:t :LJL—— .

» 4 B W D

Ji b

%0 3 00
SECONDS

Figure 4. Calculation Intervals

Let P*; = percentage of crystals whose true value
lies in interval j. The following table therefore shows
the values of P’ for each interval.

s Y/on Py
(seconds)

30 0.75
40 1.00
50 1.25
55 1.375
65 1.625
70 1.75
80 2.00
90 2.25
3.75
160 4.00

Substituting the value of Py and P; into equation
4 results in a value for the sorting accuracy (P) of
94.49,. Figure 5 is a graph of the sorting accuracy for
four different input conditions.

The above analysis assumes that the center of the
input distribution is located at the center of an increment.
If this is not true, the sorting accuracies will be lower
than those given in Figure 5. However, it is possible °
to eliminate the incorrect sorting of crystals. This can
be accomplished by recognizing the fact that practically
all the crystals sorted in one increment will be less than
30, outside the increment limits. Therefore, the spread
of crystals in each increment can be considered to cover
the range W + 6ap. As applied to the above example,
the spread of crystals in the two minute increments will
be three minutes.
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APPENDIX 26-2

Analysis of the Effect of X-Ray Sorting on the
Distribution of ZZ' Angle

SUMMARY':

In a series of experiments with the Hoffman Wafer-
ing Saw (at SCEL), statistical information was obtained
on the spread of ZZ’ angle and wedginess of wafers,
An investigation was then made of the distribution of
orientation angles of blanks diced from these wafers
after lap, based on assumptions as to the effect of lapping
on wedginess, and correlation coefficients of angles on
opposite sides of the blanks. Finally the effect or sorting
or non-sorting was examined relative to the criterion
that the orientation angle be within == 1.5 minutes of
the average angle. It is concluded that approximately
759, of blanks will lie within 2 3 minute tolerance
without sorting, but that 94% will be within 3 minutes
with sorting. On the basis of a 109 increase in yield,
a sorter will be economically justified within six months,

PART I—ORIENTATION ANGLE ANALYSIS OF
WAFERS
1) Using the Hoffman Wafering Saw, we have
measured the orientation angle at six points on
each wafer. They are designated by L, L', M,
M, R, R

SAW BLADE

HORIZONTAL FEED____,,.
]

2) In order to determine the paralielism of individ-
uval bianks, we have calculated T and o, where
T = average difference betwsen readings L,
L’ (or M, M’ or R, R’)
or = standard deviation of the difference be-
tween the readings L, L’ (or M, M’ or
R,R’)
Values of v and o,
.030 T bickness .023 Thickness
Minutes Minutes Minutes Minutes
T o T or
1.63 1.286 1.48 527
1.27 948 2375 2,337
3.1 2.153 3.75 2.269

We note that the R, R’ average difference is
larger than the L, L’ and M, M’ average
differences.

We have also checked the consistency of the
average orientation angle as we move along the
wafer from left to right. This is called the L,
M, K variation which was found to be stable,
with average ranges of 2.15 and 1.68 minutes
for the .030” and .023" thicknesses respectively.
(L is the average between L and L'; similar
definitions apply to M and R)

We have observed no relationship between the
variation in parallelity of a blank (as measured
by L, L or R, R’ variation) and cutting feed
for the range of fecds used (approximately 6 to
19 inch/min. horizontal feed and .35 to 1.3
inch/min. vertical feed)

PART II—DISTRIBUTION OF ORIENTATION
ANGLE AFTER LAP

Case 1—Assume Oricntation Angles on Opposite
Sides of Blanks are Uncorrelated (p = 0)

A. Assume blanks are sorted into =1’ increments

1. The orientation angle after lap is assumed

= orientation angle on measured side
of blank

orieatation angle on unmeasured
side of blank

¢|+¢"
2

K 0.25 to 0.50 (See Note 1. for defini-
tion of K)

K(] @y — =) is taken as three standard devis-
tions.

2. The osientation angle before lap is dis-
tributed with a standard deviation of 1.8 minutes. This
is based on Part L, i. e. experience with Hoffman saw
cutting 0.030 and 0.023 wafers.

For «, independent of a2 (p = 0) the
cumulative distribution of orientation angles after lap
is shown in the solid curve. (Fig. 26-2-1). The results
for K = 0.25 and 0.50 are the same. This shows that
094, of the orientation angles after lap will be within
-+ 1.5 minutes of the average angle, taken as zero in

the Figure.
For K = 1, the percentage approaches 92%.
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B. Assume blanks are not sorted

If the blanks are not X-ray sorted, thea theoreti-
cally the orientation angle after lap is normally dis-
tributed with mean zero and standard deviation Co where
o = 1.8 and C s given below:

K C ¢, angles within 1.5

0.25 J17 75
0.50 745 73
1.00 85 67

Case 2—Orientation Angles on Opposite Sides
Correlated

Experience with the Hoffman saw (See Part I)
yields the following values of linear correlation
Coefficient p
Wafer Thickness

0.030” 0.023"

LL’ (left) 0.695 0.087
MM’ (middle) 0.328 0.418
" RR' (right) 0.128 0.086

Owing to the relatively high correlation between
L and L, the average cumulative distribution for orienta-
tion angle after lap has been plotted for the limiting

case of p = 1 (See Figure 26-2-1, straight dashed
line). This represents the average taken over five inter-
vals into which the X-ray sorter sorts the imput blanks,
Standard deviation of normal angle input distribution
muautes wide. For this case oy = a2 = &

SUMMARY: The results of this study (for p
= 0) are given in the following table:

Percent Blanks Within = 1.3°

K Sorted Usnsorted
0.25 94 75
0.50 94 73 .
1.00 92 67
The limiting case for p = 1 is shown in the graph.

NOTE 1. The factor “K” is the fraction of the
initial blank wedginess, taken about the bisector of
the wedge angle, into which the orientation angle of
the lapped blanks will fall. For example, if the two
surfaces of the blaok are oriented at 35°15° and 35°17
(that is, 2 2 wedginess) and K is 2:sumed to be 0.5,
then the orientation of the parallel lapped blanks will
be between 3’5“15.5' and 35°16.5".
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APPENDIX 26-3

Errors in X-Ray Sorting With «
Double Crystal Goniometer

INTRODUCTION

A double crystal X-ray goniometer can be used to
improve the accuracy of measurement of the orienta-
tion angle of quartz crystal blanks. A goniometer of
this type has been incorporated in 2 machine which
automatically sorts AT-cut crystals based on the ZZ'
oriencation angle. This Crystal Blank X-Ray Sorter
bas besn developed by Bulova R & D Labs., Inc. as one
automatic machine of the mechanized plant for quartx
cryszal production.

Consideration of the problems implicit in the design
of the X-Ray Sorter indicated the necessity of an analysis
to correlate mechanical positioning errors with machine
errers in orieniation measurement. The results developed
here are applied to the X-Ray Sorter to indicate the
theoretical requirements for preparation and mechanical
orientation of the crystal blanks for accurate measure-
ment,

ORIENTATION ERRORS

Two possible deviations of the crystal blank position
from its ideal position shall be considered. The ideal
position is shown in Figure 1. The face of the crystal
is perpendicular to the Y-Z plane and the edge upon
which the ceystal rests is ia the Y-Z plane. A true read-
ing of the ZZ’ cngle will be obtained if the plane of
the X-ray beam is parallel to the Z'Y plane. One of
the errors to bé considered is rotation of the plane of
the X-ray beam about the intecsection of the crystal
face and the Z-Y plane. These rotations of the plane
of the X-Ray beam are due to errors in positioning of
the crystal in the goniometer or errors in cutting of the
crystal blank,

NORMAL
TO CRYSTAL
FACE

Y

Figure 1. Location of AT-cut Crystal Blank Relative
to Crystal axes (X,Y,Z Coordinate System)

In Figure 2, 2 new set of axes is shown which is
determined by the plane of the X-ray beam (y-z) and the
crystal face (x-z). The errors stated above are here
equivalent. to 2 rotation of the blznk about the y axis
and z axis. The angle p is the angle the stomic plane
makes with the crystal face and is a measure of the
orientation of the blank. The unit vector normal to
the atomic plane is also shown.

| ——ATOMIC PLANE
NORMAL TO ATOMIC PLANE

-o1

Figure 2. Location of Crysta! Blenkinthez, y, x,
Coordinata System

First, the effect of rotation sbout the y axis shall
be examined. The crystal is shown rotated about the
y axis by an angle ¢ in Figure 3.

¥ T
e !
i

]

A

Figure 3. Effect of Rotation About the y Axils
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It is clear from Figure 3 that the rotation about
y produces two effects:

1. The normal to the atomic plane now makes
an angle §, (not shown), with the plane. of
the X-ray beam,

. The angle u that the projection of the normal
makes on the plane of the X-Ray beam changes
from u to &'. This is a direct error in meas-
urement of the orientation.

it can be shown (Note A) that:

tlnp.’

tan x Cos ¢
tan x sin $

1 4 tan? x cos2 ¢

tan 8;

The errors (p-u’) and 8, can be expressed for
values of ¢ less than five degrees as:

o = < sin 2x

(s # and ¢ are in radians)

&

The effect of rotation about the z axis will now be

considered. In Figure 4 the crystal of Figure 2 is shown
rotated abcut the z axis by an angle g.

¢ sinx

———2

—_—2
Figure 4. Effect of Rotation About the x Axis

This rotation also produces two effects:

1. The normal to the atomic plane makes an angle
82 (not shown) with the plane of the X-ray
beam.

2. The projection of the normal on the plane of
the X-ray beam changes from & to &”.

D

~ : .
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It can be shown (Note B) that:
tan &
cos B

tan g

- sia
T (cos? B + tan? 4) 12
for g < =5°

tan 3

2
4

sin 2x

-
(#% #” and B in radians)

. = Bcosp

L~

@
o
z
o
o
@
]
o
-
E 8
-
o
L S
|
KU

P

-~

2 3
¢ or B (DEGREES)

Figure 5. Maximum Direct Error due to ¢ or 8
Misorientation (x=3°)

Although the errors due to simultaneous rotation
about the y and z axes are dependent, it can be assumed
that the total error will be less than the sum of the
magnitudes of the two separate errors. This sum for
the direct error can be determined from the sum of the
magnitudes of (p-#') and (p-p”). The variation of
these direct errors is shown in Figure 5 for u equal to
three degrees. The X-Ray Sorter was designed to
measure AT-cut crystals which have a valre for » of
approximately three degrees, thus Figure 5 applies. For
this small value of x, 8, can be negelected and 3, is
approximately equal to 8. As will be discussed later,
the effect of the § component is to reduce the resolution
of the two crystal system.

The above analysis of direct errors can be correlated
to the operations of sectioning, wafering and dicing
and caa be used to determine the effect of these errors
on the ZZ' 2ngle measurement. The maximum error
in dicing is a ¢ error and has been given as 15 minutes,
The maximum error in wafering is a 8 error and can be
assumed to be 15 minutes. The error in sectioning can
contribute both a g and ¢ error. The maximum value
of this error is probably such that the sum of 8 and ¢
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is less than 15 minutes. Combining these errors to atomic plane of the érystal, & circle which is the locus
give the bighest possible orientation error results in of all points for which the Bragg equation is. satisfied.
a Z2’ error of less than one second. ‘Therefore, this The locus of lines connecting points on this dircle with
error is negligible even in the few cases where the cutting the point source forms a right cone. This cone has the
errors fre maximum and additive. This indicates that property that only rays lying in its surface will be re-
the tolerances on cutting can be widened without intro- flected from the crystal. This cone alon i
ducing an appreciable ZZ' aagle error. Doubling the uniqus cone of redection is illustrated in Figure 7.
errors in each process results in 8 maximum ZZ' angle
ecror of less than two seconds. Therefore, the cutiing CONE OF REFLECTION
error tolorances, if within this range, are determined by
considerations other than direct ZZ' error; €. 8- by the
direct influeace of X-axis ecrors on the crystal tempera- L2~ i'};ﬂe‘-nm;
ture-frequency coefficient.
RESOLUTION CONSIDERATIONS

The application of the two crystal system to X-ray
goniometry has been described by W. L. Bond®*. A
schematic diagram of the system is shown in Figure
6. The first or reference crysial is oriented so that the

POINT SOURCE .,‘)VIRTUAL POINT
SOURCE

REFERENCE CRYSTAL
Figure 7. Cone of X-ray Reflection

To an observer chielded from the direct radistion
of the source, the reflected rays appear to be coming
from a virtual point source behind the atomic plane of

TO X-RAY the crystal. This is also illustrated in Figure 7.
DETECTOR Thus the observer at the left sees what can be
called & “cone of transmission” (ie., the X-rays-are
present oaly in the surface of a unique cone.and emanste
WORK CRYSTAL from a point which is the apex of the cone).

If then, we replace thc observer with a second
pecfect crystal of infinite extent, the cone of transmission
will intersect the second erystal atomic plane in one of
the four conic sections: a circle, an ellipse, a parabols,
or a hyperbola, The latter two are of no interest in
this analysis, so attention will be confined to orientations
of the second crystal which intersect the ‘cone of trans-
mission in either a circle or an ellipse. This plane curve
can be called the “locus of trunsmission”. A typi
locus of transmission is illustrated in Figure 8.

Figure 6. Double Crystal X-ray Goniometer

X-rays iropinging on it are reflected. The property of
the quartz is such as to reflect 2 beam of X-rays at one
angle of incidence (the Bragg angle). Therefore the
reflected beam consists of essentially parallel rays. The
beam of reflected X-rays impinges on the second or
work crystal. This crystal is rocked, and the angle at
which reflection occurs is the measure of the orientation
of the blank with respect to tbecryst.zlu:is.lfthecrystll
can be considered perfect (in the sense that reflection of
X-rays occurs only at the Bragg angle) and if the crystal
is assumed to be perfectly cut and oriented, the reflection
can only occur if the 01.1 atomic planes of the two
crystals are parallel. However, due to imperfections in VRTUAL

the lattice structure of the quartz and errors in cutting or
alignment, the reflected beam assumes an angular width
with a peak occurriog at the Bragg angle. In order to

understand the effect of the til¢, 3, on the measurements,
som€ aspects of the double crystal system must be 7‘_
ined.
ATOMIC PLANE OF

CONE OF
TRANSMISSION

¢ -

examin
Cousider a point source of monochromatic X-rays
free to radiate in all directions. 1f a perfect crystal of SECOND CRYSTAL
infinite extent is placed anywhere in the space surround-
ing the point source, it is posible to describe, oo the Figure 8. Typical Locus of Transmission

oW. L. Boad, A Double Crystal X-Ray Goaiometer for Accurate Orientation Determination, Proc. L R. E. Vol. 38 pp 886-899
1

s sesmep emimeammemarge s

e
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It is possible, as in the case of the first crystal, to
determine a circle on the atomic plane of the second cry-
stal which is the locus cf all points that satisfy the Bragg
equation (assuming that the previously described virtual
source is the crigin of the X-rays). This locus shall be
called the “circle of acceptance”. The right cone formed
by the virtual source and the circle of acceptance will be
called the “cone of acceptance”. It is clear, according
to Bragg's equation, that if the interatomic spacing of
the second crystal is the same as that of the first, the
cone of transmission and the cone of acceptance will
subtend identical solid angles. These newly defined
elements are illustrated in Figures 9 and 10.

VIRTUAL SOURCE

COME OF
ACCEPTANCE

\LDCUS OF

TRANSMISSION

A —

ATOMIC PLANE ACCEPTANCE

OF SECOND CRYSTAL

Figure 9. Circle of Acceptance and Locus of
Transmission

\‘\LOCUS OF

TRANSMISSION

\\CIRCLE OF
ACCEPTANCE
ATOMIC PLANE

OF SECOND CRYSTAL

Figure 10. Plan View of Circle f Acceptance and
Locus of Transmission

Study of Figures 9 and 10 indicates that as the angle
between the atomic planes of the first and second crystals

decreases two things occur. The locus of transmission
and the circle of acceptance approach each other and the
eccentricity of the elliptical locus of transmission de-
creases. \When the two atomic planes are parallel the
locus of transmission and the circle of acceptance are
superimposed.

It is proper at this point to state explicitly some-
thing which has been implied in the foregoing analysis:
there is 2 refiection of X-rays from the second crystal
only where there is coincidence between the circle of
acceptance and the locus of transmission. Figure 11 il-
lustrates the three modes of intersection,

CIRCLE OF
CiRCLE OF ACCEPTANCE

RA or AND
TRANSMISSON LOCUS OF TRANSMISSION

8. TWO POINT b. LINE SEGMENT

CIRCLE OF
ACCEPTANCE LOCUS OF
TRANSMISSION

c. ONE POINT

Figure 11. Types of Intersection of Locus of
Transmission and Circle of Acceptence

The preceding discussion has presumed crystals of
infinite extent. However, the X-Ray Sorter utilizes
crystals of finite dimensions (round disks either 3/8 or
1/2 inch in diameter) and ideally the measurements of
the orientation angle is made when the crystals are
parallel. Therefore the condition illustrated in Figure
11c will not be discussed further.

Figure 12 illustrates how the preceding general dis-
cussion can be applied to the problems of the X-Ray
Sorter. The figure is illustrative only of the perfectly
parallel case. The section of the conical X-ray sheet
actually transmitted is shown, along with those sections
of the “infinite” crystals which are actually present in
the mechanism,
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Figures 13 and 14 illustrate the cffect of the rotation
of the second crystal about the x axis. Figure 13 repre-
sents the situation where there is no tilt to the second

crystal, In Figure 14, the second crystal is tilted.

CIRCLE OF
ACCEPTANCE

LOCUS OF
TRANSWISSION

Figure 13. Rotation of the Second Crystal About the
x Axis When it is Not Tilted

Rotation of the second crystal about the x axis
serves to rotate the locus of transmission into the dircle
of scceptance in the direction shown by the arrows.
When there is tilt of the second crystal Figure 14, shows
that total coincidence does not occur,

LOCUS OF TRANSMISSION

NOT HORIZONTALLY DiSPLACED
FROM THE CIRCLE OF ACCEPTANCE
BECAUSE OF A SPURIOUS “TILT"

CIRCLE OF
ACCEPTANCE

Figure 14. Rotation of the Second Crystal Abou? the
X-Axis

It is clear that in Figure 13 there will be only one
apgular position at which there will be coincidence of
the two lod segments (and therefore reflection). In

Figure 14, however, there will be a range of angular
positions over which there will be coincddence of points
oa the two loci. In Figures 15a and b reflection inten.
sity versus angular position is plotted for the two cases
of Figures 13 und 14. The intensity of reflection will
obviously be different in the two cases.

Figure 15. Theorstical X-ray Reflections

M. M. Schwarzshild,®* whose mathematical article
this physical description supplements, derives an approxi-
mate formula for the width, W, of Figure 15b. It is:

~28 + 8

= tan
¢ cos © ¥

angular derivation of the normal of
the first crystal from the plane of the
instrument.

= angular derivation of the normal of
the sccond aystal from the plane of
the instrument.,

Bragg angle of the crystal

= Maximum angular derivation of the
detected X-ray beam from the plane of
the instrumeat.

Note: 8, = 8 (derived above)

W, is called the geometric width because it arises

from purely geometric cauces ==d is not dependent on
the quality of the crystal. As is apparent from the for-
muls and from the physical picture presented above,
‘W, can be minimized by reducing 8 and y.

Anocther factor affects the resoludon of the two
crystal system. Ideal crystals do not exist. Due to im-
perfections, stresses, surface distortions and other im-
petfections, the reflection inteasity is distributed about
the theoretical Bragg angle. This results in a finite
width of the reflection peak. Thus, even when the crys-
tals are perfectly cut and positioned the resolution Las
a definite upper limit. (See Figure 16.)

oM. M. Schwarxzshild, Theory of the Double X-Ray Spectrometer, Phys. Rev. Vol 32, pp 162-171
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Here the shape of the peak is a composite of the
rectangular form of Figure 15b, and the physical dis.
* tributino. of Figure 16.
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APPLICATION TO X-RAY SORTER

In practice, the two widths, W, and W, are of
the same order of magnitude. The value of W, can be
reduced by etching to improve the surface quality of the
second crystal, Of course, the first crystal should be of
the highest quality so that the contribution to the phy-
sical width will bs due in large measure to the second
crystal.

The geometric width W, is dependent on 8 and y.

The value of § is dependent on the accuracy of the cry-

stal blank positioning and also on the accuracy of the

reference edge and face. The positioning error of the

X-ray Sorter can be separated into two componeats, the

1 set-up error and a random mechanical handling error.
;o The random error can be minimized by proper equipment
w4 design. The set;iup error candl:e mmm;:zed by us;ngf the
following procedure. Since the crystals are not ect,

ANGULAR POSITION there is asnfiinimum beam width (?t 3 = 0) that can be
(e} obtained. This minimum beam width occurs when

\\z“cnvsm.

\'\LOCUS OF

TRANSMISSION

CIRCLE OF/
ACCEPTANCE

{e)

REFLECT!ON‘ i
INTENSITY

bt pumn e  peeed fmin pund o AN W

Pame i Py

SN u i ey

Figure 16. Reflection from Non-Ideal Crystals

¥, is called the physical width because it is inde-
pendent of the geometry and is solely a function of the
physical condition of the crystals.

When the concurrent effects of geometric error (i.e.
3 = finite value) and physical (ie. aon-ideal crystals)
are considered, a situation like that illustrated in Figure
17 is obtained.

PHYSICAL
DISTRIBUTION
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!
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TRANSMISSION

\
1
\
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1
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[
1

CIRCLE or/

ACCEPTANCE

REFLECTION
INTENSITY

ANGULAR POSITION
(»

Figure 17. Concurrent Effects of Geometric Error and
Non-ideal Crysials

superposition of the locus of transmission and Jrxcle of
acceptance is obtained. When this condition is reached,
the X-ray reflection will have its highest peak value be-
cause the reflection is obtained from the largest possible
area of the second crystal. Thus setting the second
crystal for maximum peak reflection with respsct tc the
z-axis should result in minimum beam width,

TlLe accuracy of the reference face and edge is de-
termined by the sawing operations, which precede the X-
ray sorting process. It is posible therefore to set sped-
fications for these cperations based on the beam width
requirement of the X-ray Sorter.

The maximum value of y is determined by the size
of the second crystal and the length of the X-ray path
to it. The minimum value of y is determincd by the
height of the slit through which the X-rays pass.

The maximum value of ¢ can be calculated for the
X-ray Sorter. The path distance from the X-ray source
to the second crystal is 9.4 inches and the maximum
height of the second crystal is approximately 0.5 inches.
This results in a value of y of three degrees, It was
previously shown that the value of & is approximately
equal to the inclinadon angle (8) of the face of the
crystal.  Substitution of these values in the expression
for W, results in:

W, = 0.118 where 8 and W, are expressed in
the same units,

Thus the beam width of the X-ray reflection can be
minimized by prolonged etching, proper crystal align-
ment and use of the minimum height of X-ray beam
consistent with the sensitivity of the detecting system.

s mrsigiry
T ey ﬂ‘{“'"""",."ﬂ“":"'*"""‘."‘"" -
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‘NOTE A
Referring to the figure below:

a- Cod
b sin &

sin » cos ¢

tan & = =
s 08 a

= tan 5 oS ¢.

sin ” sin ¢
@+ &)
(costs + sin®aco<tg)1/?

.—....,.._-—
T O e

E-S

.

N =

tan 3, =

sinp.m¢¢
(cov's + sin's cor'g) /2

tan 5 sin ¢
(1 + ao® x cos’¢) 1/

NOTE B

Referring to the figure below

C A= CO8 p
b= sinx
d = cosxcs 8

»
cos g

= cospsin g

= (@)

) = (sin®x + cos®x coe®g) 1/*
[ 4

tan 3, P

cos & sin B
(5a's + cov's con'f) 10

sin 8 _
(o’ + cow'p) /2

4 L ~ -

B -
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APPENDIX 41-1
Contovring Survey

[
[}

PRV -—.,..,_—-—»MM‘J
pao= ’

An industry survey was rozde in order to obtain The amount of contout or bevel is controlled either
more detailed information zbout procedures used by by time or by change in frequency. The crystal designs
other quartz crystal manufacturers for the production of for beveling and edge-contouring vary sO that the two
low frequency AT blanks (between 4.3 mc. and 9.0 mc.) beveled surfaces include an angle between 20° and 90°

In the coutse of this survey, toe following companies of arc, as shown in tie following sketch:
were visited:

The Hunt Corp., Carlisle, Pa. :

McCoy Electronics, Mt. Holly Spriogs, Pa. The smaller angles apply to low frequencies while
Scientific Radio Co., Omaha, Nebraska the larger angles are used for higher frequencies only
Union Thermoclectric Corp., Chicago, nL (sbove 7 me. approx.).

In addition, the Army Sigoal Supply Agency trans- The abrasives used for the coatouring/beveling
mitted to us information oo the contouring procedures procedure are generally of 2 lacger grit size than that
being used at present by the Bliley Electric Company of used for the last lapping st4ge (approx. 20 microns).
Erie, Pa. This results in a fairly rough surface. In order to
obtain the right surface finish before base plating, some
and round blanks are produced by manufacturers S companies apply a heavy final etch to the blanks (approx.
<hown in.Table 1 below: 1.52). Except for ‘the very low frequencies, below

2.5 me., all manufactures leave 2 large flat portion oa

No. both sides of the blanks. The diameter of this ceatef
Mansjactsrers  Squares Rectangsdars Rounds in the case of round blanks, ot the side-length in the
case of square or rectangular blanks, is usually several
mils larger thao the comparable dimensions of the plated
—_ X X electrodes.

~—/ 71

—
|

‘fte survey has disclosed that square, rectangular

r—————m
|

JUNDUESY

s
[

3 —_ — X

ot g
.

o

1
1 X X — The depth of the.contour ot bevel varies from com-
b

x pany to company; whereas one manufacturer deems it

necessary to bevel down to the center plane of the blank

. . . (as shown in ¢he zbove sketches), others feel that 2
The f:;!owlng mc.tho‘" “ f’:ﬁb le 2 are 14 use for sufficient amount of bevel or contour is obtained if 8

beveling, edge-contouring 0. full contourioB™ cylinder with = beight of 1/3 of the original blank
No. Optical Cup Optical Cup Otbers thickness remains in the blank.

Manufacturers Only plus osbers Only A of the results of this survey will be
1 — —_ X found in the attached chart. Tumbling and barrel
x _ contouring procedures being iovestigated at present by
2 - Union Thermoelectric Corporation are not reviewed in

3 X — — this report for, to date, there are no final resalts.

X X

o sy y—r——t
s

—
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SURVEY OF CONTOURING AND BEVELING PROCEDURES ON LOW AT'S

A B
1 mc. to 10 me. 3 mc. to 6 mx.

sqs. .97 to round disks
495" 348" dia.

rectangulars in
same limits

round disks
500" dis,

Full Contour
Edge Contour X

Bevel X X

Flat Center Portion on squares .57, approx.
approx. 3/8" 400 dia.
on disks .5",
7/16" dia.

Cylindrical Portion  none, knife- approx. 1/3
edge thickness

Equipment Used Optical cups horizontal
7 steel disk
Diamond wheel - withsus-
with grit 34320 pended
water 83 sbrasive
coolant

Brass arc 5"
dia, with #3500
SiC in suspension

C

approx.
3 to 8 mc.

squares
S20”

rectangulars
480" x 520"

below 2.5
mc. only

up to approx,
8 mc.

approx.
250" dia. .

none, knife-
edge

Optical cups,
#2.75&
4.73 with

suspended
sbrasive

D

approx.
1/2to 12 me.

rectangulars
490" x 515"
490" x 3357
470" x 520"

round disks
435" dia,
486" dia.
below 2.1
mc. orily
up to approx.
9 mc.

X

approx, 1/2
blank dis.

apptox. 1/3
thickness
Dismond wheel
with :£320 grit

& coolant

Diamond wheel
with 3400 grit
& coolant
Optical cups #2
to 3¢ 18 with sus-
pended abrasive

E

approx.
1 to 24 mc,

round disks
500"

below approx.
3 mc

up to
9 mc.

approx.1/2
blank dis,

approx. 1/4
- thickness

Optical cups,

$#2,3,4&3,
‘im p 1ad

P
43 to 18 mc.

round disks
3757
A0
5007
5507

up to approx.
9 mc,

—

approx. .2507
to .281”

not yet
determined
Optical Cups
up to 34 with

dod 2h

abrasive

14

_1-ly xipueddy
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Contouring Bibliograpshy

Bausch & Lomb Optical Co., Rochester, N, Y.

Contouring Equipment for Round Crystals,
Final Report 15 October 1951.

- R. Bechmaann, Telefunken, Betlin, Germany.

Eigenschaften von Quarzoscillatoren und Resonatoren im Bereich von 300 bis
5000 KHz.

Hochfrequenrrechnik und. Elektroakustik

59, Tages 97-105 (1942). '

R. Bechimann, British Post Office Research Station, London, G. B,

Contour Modes of Square Plates excited piuocl:(:trially and Determination
of elastic and piezoelectric coefficients.
Proc. Phys. Soc. LXIV, pp. 323-337 (1950)

R_ Bechmaan, British Post Office Research Station, London, G. B.

Single response thickness shear mode resonators using circular bevelled plates.
Journ. Scientific Instruments, Vol 29,
Pp- 73-76 (1952).

N R

PSS,
.

I

Radio Corporation of America, Camden, N. J.

Research Investigations pertaining to low frequency contoured AT-cut quarte
plates.
Fina! report 14 January 1953.

——

Leland T. Soga & Philip A. Simpson,
National Bureau of Standards, Washington, D. C.

Loading of Quartz Oscillator Plates.
Journal Research National Bureau of Standards,
Vol. 49, pp. 325 to 330 (1952)

~

—

J- E. Thwaites, W. D. Morton, A. O. Davies

British Post Office Engineering Department, London, G. B.
Development of Minature bevelled AT-cut Quartz Discs for the frequency
range 500 to 2,000 kc/s.
Radio Repori No. 2108, 17 August 1951,

A.W. Warner

High Frequency Crystal Units for Primary Frequency Standards.
Proc. IRE, Vol 40, pp. 1030-1033 (1952).
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Control of Final

Although the spread and standard deviation of
the frequency shift of quartz blanks etched in hydro-
fluoric acid is low for small batches etched in the labora-
tory, it is known that the condidons in the prototype
etching mackine must be carefully controlled in order
to prevent over - and under-etching.

A predetermined amount of ‘etching will be sct into
the machine via the timing mechanism. From experi-
ment and from theoretical considerations, it is pos-
sible to estimate the deviation from this amount, pre-
suming some level of precision achieved by the auto-
matic controls, The factors which must be determined
are:

1. The effect of deviations in etching time.
2. The effect of variation, in HF concentration,
3. The effcct of variations in temperature.

1t is assumed that the efch tank controls have the
following precision (three times standard deviation).

Time: =S5 seconds per minute

(including variations in transfer time)
Concentration: =0.5%
Temperature: #+0.5°C

The nominal concentration of HF to be chosen is
one in which the minimum time in the etching bath is
at least one minute (equivalent to 0.16f2 for blanks
lapped to 4 microns finish) and the maximum time
approximately 5 minutes (0.40f for 8 micron finished
blanks.) Figure 45B-1-1 in which the experimental de-
terminations of total amount of etch versus etching time

APPENDIX 45 B-1
Etch Process

are plotted for two concentrations of HF, indicate that
this result can be achieved with 16% H.F.

The effect of errors in preset etching time can be
obtained ditectly from the 169, curve by measuring
the slopes at 1 and 5 minutes.

169, H¥:

For 1 minute etch, slope = 0.102f2/min.

0.035f2/min.

To estimate the effects of variations from nominal
concentration, the data of 45B-1-1 is cross-plotted in
45B-1-2, total etch versus concentration for the two
times chosen. Taking the slope of the two curves at
165, concentration, we obtain

For 5 minute etch, slope

For 1 minute etch, slope = 0.014f2/percent HF
For 5 minute etch, slope = 0.030f2/percent HF

To obtain the effect of temperature variation, certain
assumpiions must be made concerning the nature of
the HF - SiO, chemical reaction and the dependance
of reaction rate on temperature. It is well-known that
chemical reacions of this nature commonly dauble or
treble their velocity for each 10°C tempcrature rise, in
the neighborhood of room temperature (c.f. “Outlines
of Physical Chemistry”, F. Daciels, John Wiley 1948,
p. 365). From the average slopes of the 16% HF
curve of 45B-1-1, the average rate of reaction (propoz-
tional to rate of etch in f2/min.) can be determined;
that is, 0.134 and 0.080f2/min. for 1 and 5 minutes
total etching time respectively, Assuming the reaction
rate to increase by two and three times per 10°C rise,
the following rates can be calculated.

Temp. °C

2x /10°C
0.067
0.134
0.268

(Assumed Reaction Rate Increase)
15°
25°
3s°®

For 1 min.

Av. Rcte, f3/min.
For 5 min. etch
2x /10°C 3x/10°C
0.040 0.027
0.080 0.080
0.160 0.240

etch
3 x/10°C
0.045
0.134
0.402

These points are plotted in 45B-1-3. The slopes
of the various curves in the vidnity of 25°C yield the
desired temperature cocfficients (increase in reaction

rate per °C rise) from which the total effect of tempera-
ture rise can be readily calculated.

Tosal Etch
Time, Min.
1
5

Finisb
Microns
£
8

(2 x /10°C)
0.010
0.006

Temp. Effect., */min. °C

Total
Temp. Effect, f*/°C

(2 x /10°C) (3 x /10°C)
0.01D 0.015
0.030 0.045

(3 x/10°C)
0.015
0.004
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Appendix 45 B-1

FINAL ETCHING OF QUARTZ BLANKS WITH HYDROFLUORIC ACID

O MECHANICAL AGITATION ONLY

0O MECHANICAL + ULTRASONIC AGITATION
25°* £ 0.8* CENTIGRADE
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Figure. 45 B-1.1,
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TGTAL ETCH VS HF CONCENTRATION
FOR, 1AND 5 MIN'ETCH TIME
t=25°C 0.8

o
o

TOTAL ETCH, f* KC

o
H

/
/

e

L]

10 20
HF CONCENTRATION, %

Figure 45 B-1-2,
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CHANGE !N FINAL ETCHIMG RATE
WITH TEMPERATURE
(16% HF, 25°C)

g
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T T |
IMIN ETCH TC= X 2/10°C
IMIN. ETCH TC=X3/10°C

SMIN. ETCH TCsX 2/i0°C
S5MIN. ETCH TC=X 3/10°C
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ETCH RATE

7
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15 25
TEMPERATURE

Figure 45 B-1-3.
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Appendix 45 B-1

Since the exact temperature coefficients are uo-
known, a mean value is assumed.

The final effect considered is the variaticn between
individual blanks within a given batch. The results
of erching experiments indicate that the standard de-
viation within one batch etched for & givea time should
not exceed 0.015f2, This aumber probably accounts
for varations in grain size of lapping compound and

slight chemical or physical difierences in the quartx,

plus local differences in temperatures, concentration,

and agitation rate. Hence, 3 vasiation (3 sigma) of
0.045f2 will be assumed within a given batch.

The variations due to time, temperafure and con-
centration errors ples those due to batch* spread as
derived shove can now be statistically combined. The
total error is shown in the last columa of Table 45B-1,

below.

Table 458-1

EFFECT OF CONTROL VARIATIONS ON'TOTAL ETCH

Process Coatrol Effect of Variation (af*)* Total
Variable Precision Variable. aft = (30) x10% Variation
(3) of? pet
unis error
A. 4 Micros
Time 45 sic. 0.102€*/min. 0085 0.72
Coacentration =+0.5% 0.014£*/% 0070 0.49
Yemperature +0.5°C 0.013£2/°C 0065 0.42
Batch Variation —_—— —_— 045 20.3
: 21.9 +.047f3
B. 8 Micros
Time =25 sec. 0.035f2/min. 015 225
Concentration +0.5% 0.03£2/% .015 2.25
Temperature +0.5°C 0.038f2/°C 019 3.60 .
Batch Variation —_— _— 045 20.25
28.35 +-.053f2
In summary, the required precision of the final For 4 micron finish:
etching process can be met under the following condi- Min. etch 0.16£2
tions, using hydroﬂuoric acid solution:
Max. etch 0.26f2
Temperature: 25°C approximately Amount preset (average) 0.21f2
Concentration HF: 16% approximately Expected deviation (30) =+0.052
.. For 8 micron finish!
Coantrol Precision (3¢):
ime: = 8.5% (45 ioute) Min. etch 0.32f2
: + 8. +=5 sec. min
sme it ( pes mit Max. etch 0.4462
Temp: +0.5°C Amount preset (average) 0.38f2
Concentration: £:0.5% Expected devistion (3¢) +0.055£2

These conditions will produce the following etch
control results:

144

Hence, better than 99.7% of the blanks etched will
be within these limits,
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Appendix ILM-1

APPENDIX ILM-1

Effect of Dead Time on Quality of lapping Machines

In Station ILM, equations were derived for the number
of lapping machines required in each stage, and numeri-
cal values werked out for specxﬁc values of lupping rate,
quartz removal, and dead time D, the latter being the
sum of tke load/unload time and the average lapping
plate replacement time (per cycle).

Using thie quantities given in Table ILM-2, the
equations cited czn be simplified as follows:

N; = number of machines in Primary Lap

0.551
=

number of machines in Secondary Lap

0,505
(5.5¢ + D)

(722 + D)

number of machines in Final Lap

(7.02 + D)

|

wwhere ¢,, 2,, ¢, is the eSidency of the lapping machine
in that stage (i.e. the perceac of total shift time the
machine is in use).

The equations are plotted in Figure ILM-1-1 as
number of machines required vs, percent utlization
(efficiency), for three values of ihe parameter D in each
stage. (Use of a special scale for the abscissa permits
the curve to be plotted as a straight line.)

The intersection of a curve of constaut D with an
integral value of N denotes the minimum effidency
required before the next higher number of machines
must be used. For a2 given cﬁlaency and number of
machines, the allowable dead time in that stage may
be interpolated between curves.

For example: for a dead time of 2 minutes per
cycle in Primary Lap, the machine effidency must be
greater than 8450/0 for 6 machines to be sufficent,
With a dead time of 1.5 minutes, 5 machines at
greater than 969, efficiency may be used.
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NUMBER OF LAPPING MACHINES VS. DEAD TIME

2]

21|

D=2.0
O~

o
[ §
AP

PO
FIRST L

m

205
.59

3]
=~ = N

O U o

1,0¢

2 b |
1]

NUMBER OF LAPPING MACHINES, N

O
SECOND LAP

< =ACTUAL POINTS CHOSEN FOR
FIRST (I), SECOND (II) AND THIRD (II)
LAPPING STAGES. ( D=1.33 MIN.)

*D"= DEAD TI{ME

80 82 84 86 88 90 92 94 9€ 98 (00
% MACHINE UTILIZATION, Cc

-Figure HLM-1-1.
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Appendix K-1

APPENDIX K-1

Estimate of the Number of Changes in Frequency Setting Necessary During
Frequency Sorting Quartx Crystal Blanks in the Mechanized Plant System

In the Frequency Sorter designed for the subject
plant, any of 2 given number of nominal frequendes
and sorting increments may be preset in the electronic
Control Panel unit and selected remotely from the Feed-
Sort console by a push-button operation. However, in
changing from one frequency to another which is sub-
stantially different, an air-gap in the measuring head
of the Feed-Sort unit must also be adjusted. Since this
operation may take as long as one minute during which
time the Sorter i» z=ot operating, it is necessary to
estimata the total number of frequency changes per day
to compute the utilization effidency of the machine.

The number of frequency changes required when
going from one lapping stage to another or whea com-
pleting the sorting of an order, is not simply capable
of direct culculation. The oumber of variables and
their interrelationship is so complex as to permit the
sorting schedule to be considered as & random process.
A 1udimentary application of Game Theory, analogous
to the Monte Carlo method applied in nuclear calcu-
lation, has been devised in order to evaluate the fre-
queccy changes required during sorting.

It is assumed that blanks are to be sorted without
accumuiating 2 substantial backlog. At the srart of 2
day's run, one full cartridge from each lapping stage
is available, containing the following number of blanks:

250 Blanks

From Primary Lap
From Secondary Lap 315
From Final Lap 360 "

Totsl 925

All blanks sorted during a day’s run src of the
same diameter, or the sorting head is changed during
the noon hour so that the time to change dizmeters is
not charged against the machine time.

The lapping stages produce blanks and full cart-
ridges at the following rates:

Blanks/min. Miw./cariridge
Primary 33.3 7.5
Secondary 305 10.6
Final 28.1 12.8

Assume initially that only one order is being pro-
cessed in the plant. There are then three nominal

frequencies to be selected by the sorter, one for each
lapping stage. Hence every cartridge selected from a dif-

ferent stage from the last requires a change of sorter -

frequency.

The frequency change requires:
1. Selection of new frequency from the console.
2. Adjustment of sorter head air gap.
3. Removal and temporary storage (in ordes)
of all output cartridges.
4. Selection and inserticn of output cartridges
(pardially full) for the new frequency.

It is assumed that this task can be performed in one
minute with the aid of suitable jigs or fixtures.

The sorting rates per cartridge are taken to be as
follows: :

Time toSort Carsridges:
From Primary Lap: 2.0 min.
From Secondary Lap: 2.5 min.
From Final Lap:

(These time intervals are rounded off for simplicity
in plotting.)

3.0 min.

A graphical sorting game is prepared by plotting
the backlog of blanks against time. The time at which
fuil cartridges from the various stages of lapping be-
come available and the number of blanks in each is
indicated by dircles on the plot. Transportaton time
between lapping stage and sorter is neglected. The
negative sloping lines then indicate sorting of the cart-
ridges at the rates indicated above, and a vertical rise
indicates choice of a new cartridge from a lapping stage
indicated by the ordinate. A horizonsa! line indicates
a waiting period to change frequencies, or if on the
zero blank axis, a waiting period because no cartridges
are available.

Any cartridge waiting for sorting can be selected
for sorting by rising to the appropriate ordinate value,
If it is selected from the same ordinate (lappiog stage)
as the last, no time nced be allowed for frequency
change. If a different ordinate is selected, one minute
of non-sorting time must be allowed.

It is permissible to wait for another cartridge from
the same stage as last sorted if the waiting period does
not exceed oae minute, regardless of how many other
cartridges are ready. If two or more cartridges are
ready to be sorted, we select the one whick does not

- require frequency change, or if both do, we select the

ora most likely to give a “double” (no change of fre-
quency) on the next choice.

RESULTS
The results of one such game is shown in the
attached plot, Fig. K-1-1.
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In 150 minutes of sorting (starting with 2 925
blank backlog) the following number of blanks and
cartridges were sorted.

Cartridges Blanks
From Primary Lap 20 5000
From Secondary Lap 14.2 4480

From Final Lap 12 4320

Total £6.2 13,800

The number of frequency changes required was 36.
The “raw” sortng rate (not adjusted for frequency
changes, was
13,800
———— =92 blanks/min.
150 ? /

The number of cariridges sorted per frequency
change is
T 462 =129
% —F

and the number of frequency changes per day (= 140
cartridges)

140
1.29

= 109

Appendix K-1

On the basis of blanks sorted:
Blanks 13,800
Freq. Change 36
Freq. Ch 8,600
req. Changes 3 = 104
day 383

Since blanks sorted is probably the better measure,
105 changes per day is taken as the correct result.

=383

EFFECT OF ORDER CHANGES'

In addition to those changes of frequency resulting
from the production rates, there are 24 changes caused
by completion of small orders during the day. Some
of these are coincident with the changes that would be
required in the first case.

Since there are 105 cut of 140 cartridges which
required resetting the nominal frequency, even without °
order change, the probability of these 24 cartridges coin-
ciding with the fcrmer changes is

105
B3
Hence,
105
140

neglected. This leaves 6 frequency changes due to com-
pletion of orders which must be added, for a total of

105 + 6 = 111 per day.

x 24 = 18 of the order changes can be
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