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PURPOSE

The purpose of this program is the realization of a specialized
vacuum system for use in the production of high precision crystal
units for military use. This program is funded by the U. S. Army
Electronics Command (ERADCOM), Fort Monmouth, New Jersey, and is
being performed by the Neutron Devices Department of the General
Electric Company, located at St. Petersburg, Florida, a contractor
of the U. S. Department of Energy.

This contract, HH610964CPW3/01, is a two-year effort and is
scheduled for completion in the fall of 1978. The vacuum system
will provide for the final processing of crystal units in ce-
ramic flat pack enclosures without exposure to atmospheric con-
tamination. Cleaning, bakeout, plating and sealing processes

are included. The feasibility of the ceramic flat pack enclosure
and associated processing has been demonstrated by the Frequency
Control Devices Team at ERADCOM through work in their laboratory
and in conjunction with contractors.

A vacuum system production goal of 200 units per 8-hour shift
has been established by ERADCOM. It is anticipated that future
contracts will provide facilities for preassembly and final
testing of the flat pack units and a pilot production facility
will then exist.

INTRODUCTION

The causes of aging and thermal hysteresis in quartz resonators
are reasonably well understood.! It has been shown that quartz
resonator unit enclosure materials as well as final crystal
processing techniques influence aging. The development of low
permeation ceramic enclosures and sealing techniques is being
carried out, under separate contracts, to provide perhaps an
optimum enclosure concept for precision, low aging, high shock
resonators.?’?® Significant improvements in final processing
techniques are being developed. These techniques include the
use of ultraviolet cleaning of piece parts in an ozone atmos-
phere to remove surface contaminants,“ simultaneous deposition
of electrode metal, such as gold, on each side of a resonator
to reduce aging due to stress relaxation, and bakeout and seal-
ing of resonator assemblies in an oil-free, ultrahigh vacuum
environment.

This report describes the initial work being carried out to de-
fine, design, construct, prove, and demonstrate a vacuum system
for final processing of ceramic flat pack enclosed quartz reson-
ators. The system is planned for use in the production of
crystal units for more critical military applications.




CERAMIC FLAT PACK CRYSTAL UNIT

Design and processing details of ceramic flat pack enclosed
precision crystal units were most recently reviewed at the

30th Symposium on Frequency Control (1976).® A typical flat
pack enclosure, as shown in Figure 1, includes a square ceramic
frame and identical top and bottom ceramic covers. The ceramic
is 95 percent alumina and the enclosures can be vacuum fired to
800°C without damage. Each frame has two gold plated, tungsten
metallized electrical feedthroughs to accommodate external con-
nection and mounting of the crystal support structure. Resonator
support is accomplished using thin nickel clips that are thermo-
compression bonded to a metallized ledge of the ceramic frame.

The "window frame'" style of the mounted resonator allows for
simultaneous electroding from both sides, a feature of the final
processing vacuum system. Figure 1 illustrates the mounting
technique and appearance of the crystal-frame assembly as it
will enter the final processing system. The seal surfaces of
both the frame and the cover are plated gold over a metallized
layer composed of molybdenum, manganese and titanium hydride.
The final seal incorporates a gold gasket between the seal sur-
faces. Since the entire crxstal assembly can easily withstand
bakeout in vacuum up to 325°C, and as all surfaces have been
further cleaned by exposure to ultraviolet light in a partial
pressure of oxygen, the seal surfaces are exceedingly free of
contaminants and the seal can be affected by modest use of
force and temperature.

The advantages of the ceramic flat pack enclosure are that only
materials of low gas permeation and solubility are used, and
that the final processing temperature is limited by the quartz
rather than the packaging material. Precision crystal units
incorporating these features are being developed for use in the
REMBASS program.

VACUUM SYSTEM DESIGN OBJECTIVES

The system is intended to meet the requirements of SCS-512,
Electronics Command Technical Requirements for Shock Resistant
Crystal Units, dated 23 October 1975, Paragraph 3.20.8 which
states, '""The last four processing operations: cleaning, bake-
out, plating, and sealing shall be performed without exposure
of the vacuum system and crystal unit components to contaminat-
ing atmosphere between operations...oil free pumps shall be
used...all backfilling shall be with pure dry gases or gas mix-
tures...appropriate steps shall be taken to prevent dirt, loose
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garticles from being present...chambers shall be bakeable to
50°C...provisions shall be made for flooding the entire inside
of each chamber with shortwave ultraviolet radiation in a
partial pressure of oxygen.'" (See Appendix.)

A prime objective of the system is the capability to process up
to 200 crystal units per eight-hour shift. A production rate
of this order is desirable in providing industry acceptance of
the method. Design emphasis is to be placed on reliability and
ease of operation and should consider subsequent automation of
all feasible operations.

The concepts which have been adopted for this system were out-
lined by Dr. E. Hafner of the U. S. Army Electronics Command,
Frequency Control Devices Team. The following design principles
were specified.

VACUUM SYSTEM DESIGN PRINCIPLES

1. Chambers for loading, bakeout and ultraviolet cleaning,
plating, sealing, and unloading shall be arranged in line.
Viton* (or equivalent) sealed gate valves shall be used
between each chamber as well as between the load and un-
load chambers and the atmosphere. The system design is to
permit eventual substitution of all-metal valves with a
minimum of redesign effort.

2. The internal volume of each chamber is to be minimized.
Each chamber shall be equipped with a separate cryogenic
high vacuum pump and isolation gate valve(s). A common
cryogenic roughing system, properly valved, is permitted.
Ultimate system pressure shall be 1 x 10-® Torr or less.

3. Each chamber shall be individually removable from the system
with minimal perturbation of the other chambers.

4. All subassemblies within the vacuum system shall be designed
as replaceable modular units. Alignment adjustment tol-
erances among the modules or within the vacuum system shall
be no tighter than 0.040 inch. Components performing sim-
ilar functions in different parts of the system shall be
interchangeable wherever possible.

5. Components and subassemblies expected to require frequent
servicing or replacement shall be mounted retractably
through gate valves or be transportable by the main trans-
port mechanism of the vacuum system.

*Trademark, E. I. du Pont de Nemours & Co.




6. Trays used for piece part transport through the system
shall be designed for minimum surface area and thermal
capacity.

7. Frequency plating shall be done in two steps, with final
plating following base plating with minimum delay.

DESIGN IMPLEMENTATION

As of the end of this report period, all vacuum system and proc-
ess hardware design approaches have been worked out. Experimental
work, where warranted, and design detailing of many items are
being carried out.

VACUUM SYSTEM ENVELOPE

The vacuum system envelope has been defined as circular chambers
of 304 L stainless steel pipe. The individual sections are
located in line and along a common transport centerline. Minimal
diameters and standard lengths have been maintained as a design
goal.

Figure 2 is an isometric plan of the system. Table 1 lists

the fabrication facility dimensions. Total system length is
about 24 feet. Each chamber is terminated with a standard 6-
inch Conflat* flange which mates directly to 6-inch gate valves,
which are being specified. The system volume is about 6 cubic
feet, exclusive of appendages.

RESONATOR TRAY CARRIER

Resonator piece parts which are ready for processing in the
vacuum system consist of the '"window frame'" crystal-frame
assembly and two covers, each having a gold gasket bonded to
the seal surface. Assemblies are loaded into a stainless steel
tray, on edge, in a cover-frame-cover sequence. A tray test
model is shown in Figure 3. The tray is being designed to ac-
cept up to 20 sets of parts that are maintained in a vertical
attitude and spaced by lateral ribbon springs in the tray side
rails.

Partly or fully loaded trays are introduced into the entrance
chamber and engaged with the tray transport (Figure 4). The
overall system will use six transports of identical construction.

*Trademark, Varian Associates
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Table 1. Fabrication Facility

Dimensions
Chamber 0.D. Length
(Ref. Figure 2) (Inches) (Inches)
Entrance 4 40
Heat & Bake 6 40
Plating 8 84
Seal 10 40
Exit 4 40
7793-3

Figure 3.

Enclosure Parts in Tray
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Figure 4. Tray Transport
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Tray design is based on part configuration as well as require-
ments for cleaning, plating and sealing. As each tray moves
along the six transports of the system, the crystal units are
cleaned (bakeout and ultraviolet exposure), plated from two
sides, and diffusion bond sealed.

Separation of flat pack parts on the tray is to accommodate
equable ultraviolet light exposure and to provide high con-
ductance outgassing pathways. The isolated vertical attitude
of the flat pack frame is advantageous at the plating step to
allow frame extraction from and return to the tray in separate
fixturing during plating. As will be later described, a vacuum
manipulator is used to extract the frames from, and return them
to, the tray.

Tray mass and surface area are minimized to reduce gas load and
to permit rapid heat-up and cool-down of piece parts. The lat-
eral spring separators in the tray side rails permit use of the
trays directly in the sealing fixture. As will be described
later, a movable ram enters the slot provided at each tray end
and causes each cover and frame in turn to be moved toward a
reaction ram. All parts are brought in contact with one another
just prior to application of sealing force.

TRAY TRANSPORT

A standard transport design has been adopted (Figure 4). Six
transports of identical construction are used to move the part
trays along a given chamber and across the gate valves between
chambers. Each transport consists of a 0.002-inch thick stain-
less steel endless belt which has the format of 35-mm film.
Belt drive and support is via stainless steel, 35-mm sprocket
wheels that are affixed to solid side rails using molybdenum-
disulfide coated ball bearings. A separate narrow belt drives
an end sprocket using a magnetically-coupled feedthrough from
outside the vacuum wall. These belts are also coated on both
sides with molybdenum disulfide as a vacuum lubricant. Holes
positioned along the center line of the belt engage pins extend-
ing below each part tray.

All system transports are located on a common center line.
Vacuum chamber center lines are each offset from the transport
center line as constrained by other limitatioms.

VACUUM MANIPULATOR

Precision part manipulation within a vacuum system has always
been a difficult problem. The design concepts for this system
have been chosen to minimize the amount and precision of part
movement.




There are three process steps, however, which will require
through-wall manipulation. At each of the two plating steps
the vacuum manipulator, Figure 5, must grasp a frame, remove it
from a tray, and position the frame in a plating mask. When
plating is complete, the manipulator returns the frame to a
tray and grasps the next frame. At the sealing step a vacuum
manipulator is required to lift the tray from the transport and
position the tray in the sealing fixture. After sealing, the
tray is returned to the transport for exit through the exit
chamber.

7793-2

Figure 5. Vacuum Manipulator With Frame Assembly
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Vacuum manipulator design features three welded metal bellows

to provide three separate movements. The large bellows, in con-
junction with a ball and socket, provides up to 30° off-axis
movement. The intermediate size bellows provides up to 4-inch
axial travel, while the small bellows provides the grasping
motion to the forceps. A model manipulator module is shown in
Figure 6.

The manipulator is designed to mate with a standard 4-inch
Conflat flange. The chamber between the ball/socket and the
bellows is maintained under rough vacuum to bias the home posi-
tion of the manipulator. This rough vacuum can be modulated in
the eventual automation of the manipulator function.

Bellows design has been conservative and infinite life can be
anticipated.

At the plating step the manipulator is equipped with forceps to
grasp the crystal unit frame. At the sealing step the forceps
are changed as required to grasp a "T'" bar that engages the part
tray. Other point-of-operation modules can be used with the
basic manipulator to provide other functions.

EVAPORATION SOURCE

Of the design features being planned for the vacuum system, the
use of a nozzle beam gold evaporant source in the plating cham-
ber presents perhaps the most difficult engineering task.

Simultaneous double-sided plating to frequency using gold
evaporant would seem to require source patterns oriented hori-
zontally. A simple filament source has, of course, a horizontal
component but the source would require continual recharging,
which is incompatible with high production rate processes.

It was shown by Andres® that a directional, high flux evaporant
source, based on the theory of nozzle beams, could be configured
to emit vapor in a horizontal direction, operate in high vacuum,
and minimize evaporant wastage. Andres has predicted that a
highly collimated flux equivalent to a plating rate of 10 A/s
requires a source chamber temperature of about 1900°C. This
plating rate is useful for production crystal fabrication;
however, the high temperature places severe restrictions on
material selection.

Four such sources will be required for the final process-
ing vacuum system. Each of these sources will be located
on an elevator head such that each source can be raised

11
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into operating position or withdrawn through a gate valve for
infrequent recharging or maintenance. Such an arrangement
permits the main chambers to remain at high vacuum at all times.

Source-to-substrate distance of about 7 inches is required
because of elevator/gate valve geometry. This distance is not
a severe handicap with collimated beams and will reduce crystal
heat-up from radiant energy during deposition.

Associated with the material selection problem is the thermal
management problem. Small size, efficient thermal shielding
and conductive heat rejection are obvious requirements.

ELECTRODE MASK HEAD

Similar to the retractable source, retractable elevators con-
taining electrode masks are required in the plating chamber.
Each mask holder will be a plug-in module into a mask head.
Masks can be moved into and out of the vacuum system using spec-
ial carrier trays and placed in position for use by the vacuum
manipulator. The mask head will contain various load capacitors
and other electronics necessary for plating to frequency. Probes
fordelectrical connection with crystal enclosure leads are in-
cluded.

SEALING FIXTURE

A special fixture that will accept a tray and provide heat-up
to 320°C and load force up to 1000 pounds is required in the
sealing chamber.

The entire sealing fixture, including heaters and hydraulic
rams, is being designed as a demountable module. The module
interfaces with the system using a standard 4-inch o.d. Conflat
flange. All electrical and mechanical connections are accommo-
dated through suitable flange feedthroughs.

SYSTEM INSTRUMENTATION

All pumping of the vacuum system is cryogenic. Cryosorb rough-
ing pumps and cryogenic high vacuum pumps are specified. Vacuum
instrumentation will include thermocouple gages, ionization
gages, and a quadrupole residual gas analyzer.

The system is being designed for manual operation. Readout de-
vices are being specified, when available, to include digital
output so that the system operation can be automated, possibly
to include computer or microprocessor control, at a future time.

13
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EXPERIMENTAL RESULTS

As noted previously, all conceptual design aspects of the sys-
tem, based primarily on ECOM visualization, have been worked
out. Design detailing and hardware procurement/fabrication
have been started as indicated below.

Part tray models have been built and tested. A tray with a
capacity of up to four crystal assemblies has been fabricated
and successfully tested.

Two transports have been fabricated and have demonstrated abil-
ity to transfer a tray across the gate valve gap. Life testing
has indicated a two-year life for the belt. Since the belt
failed at the weld, a revised joining procedure is expected to
extend the life substantially.

A prototype manipulator was fabricated and feasibility was
demonstrated. Design drawings have been modified to increase
the radial travel limit and to incorporate use of a standard
4-inch o.d. flange for mounting. A second model is now being
fabricated.

Two vendors' models of cryogenic high vacuum pumps have been
evaluated under simulated use conditions. Although there are
slight differences in construction between the two, both should
operate satisfactorily.

Since successful implementation of the overall vacuum system

is predicated upon a working nozzle beam source, major engineer-
ing and development effort has been placed on the source work.
Several experimental models have been evaluated with some success.

14




CONCLUSIONS

1. Conceptual design has been worked out on schedule. i

2. Tray, transpoft, and vacuum manipulator feasibility has
been demonstrated.

3. Cryogenic high vacuum pumps have been shown to be desirable
on this vacuum system.

4. Engineering feasibility of a nozzle beam source has been
demonstrated.

PROGRAM FOR NEXT PERIOD

Work in the first six months of this contract has progressed on
schedule and the following activity is planned for the coming
semiannual period.

1. Complete development of the nozzle beam source and specify
the production design.

2. Fabricate models of mask and mask head, elevators, and
sealing mechanism.

3. Complete detailed drawings of all system components.

4. Place purchase orders for all major system and long lead
components.

5. Fabricate/procure trays, transports, manipulators as re-
quired for the final system.

6. Specify and place purchase orders for all system instrumen-
tation hardware.
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FLECTRONICS COMMAND SC5-512
TFECHNICAL REQUIREMENTS 23 October 1975

SHOCK RFSISTANT CRYSTAL UN[TS

1. SCOPE

1.1 Scope.- This specification covers the requirements and processing
technique for shock resistant 20 MHz fundamental mode quartz crystal units.

2. APPLICABLE DOCUMENTS

2.1 Documents.- The following documents of the issue in effect on date
of invitation for bids or request for proposal, form a part of this specifica-
tion to the extent specified herein.

SPECIFICATIONS

MILITARY

MIL-C-3098 Crystal Units, Quartz.
MIL-H-10056 Holders, Crystal Standards.

OTHER

ECOM TR#L13L ECOM Technical Report: Packaging Precision Quartz
Crystal Resonators.

STANDARDS

FEDERAL

FFD-STD-209 Clean Room and Work Station Requirements, Controlled
Environment.

MILITARY

MIL-STD-202 Test Methods for Flectronic and Xlectrical Component
Parts.
MIL-STD-883 Test Methods and Procedures for Microelectronics.

(Copies of specifications, standards, drawings, and publications required by
contractors in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting officer.
Both title and number or symbol should be stipulated when requesting copies.)

19




3. REQUIREMENTS

3.1 General description.- This specification covers the requirement:
for producing precision, shock resistant, microcircuit compatible, fundamental
mode crystal units, in accordance with MIL-C-3098 and this document, over an
operating temperature range of -4L0°C to 75°C.

3.2 Performance characteristics.- Performance craracteristics of the
crystal units apply over the full ambient operating temperature range of -L0O°C
to 75°C (unless otherwise specified) and consist of Tables 1l and 1II, and as
follows:

3.2.1 Frequencies.- The frequencies, at a load capacitance of 20 pF,
shall be:

(a) 17,000,000 Hz

1+

170 Ha.
(b) 19,200,000 Hz + 192 Hz,
(c) 20,000,000 liz + 200 Hz.

(d) 22,000,000 Hz + 220 Hz,

3.2.2 Crystal resistance.- The resonance resistance of the crystal
units shall not exceed & ohms,

3.2.3 Power level.- 150 microwatts + 107.

3.2.4 Capacitance.- The unit's motional capacitance (Cy) shall be
12,5 femto-farads + 1.2 femto-farads. (See 4,7.7).

3.2.5 Reliability - Crystal Units.- The failure rate of crystal units
shall not exceed 1§71000 hours at a 60% confidence level when subjected to tle
test specified in 4.9.

3.3 Design, construction, and physical dimensions.- The crystal
resonators shall be hermetically sealed in microcircuit compatible ceramic
crystal enclosures HC-(XM-48)/U which are microcircuit equivalent to HC-18.
The enclosure consists of a frame with a top and bottom 1id as shown in
Figure 2. Clips, such as the ones shown in Figure 3, are attached to the
corners of the frame. A more complete package description can be found in
FCOM Technical Report entitled "Packaging Precision Quartz Crystal
Resonators,"

20
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3.4 Solderability.- Solder terminals shall be solderable. (See 4.7.1).

3.5 Shock.- The frequency change shall not exceed 5 x 10-7 after beiny
subjected to shock forces of 1000g. %See &e7:2)s

3.6 Vibration.- After being subjected to a vibration of 20g peak at a
frequency of 10 to 2000 Hz, the maximum change in the resonant frequency shall
not exceed 5 x 10~7 and the maximum change in resonant resistance shall not
exceed 10%3. (See 4.7.3).

3.7 Reduced drive level.- When tested as specified in L.7.8, the
resistance shall not exceed & ohms.

3.8 Frequency and equivalent resistance.- The frequency and equivalent
resistance of the crystal unit shall be within the limits specified in 3.2.1
and 3.2.2 respectively. (See 4.7.9).

3.9 Low-temperature storage.- V¥hen subjected to a temperature of -55°C
for 2 hours, the resistance shall be as specified in 3,2.2.
(See 4.7.10).

3.10 Temperature run.- The frequency temperature characteristics shall
be free of coupled modes, the frequency difference between the upper and lower
turning points at resonance shall be 18 ppm + 3 ppm and the resonance resistance
shall not exceed 6 ohms. The maximum rate of change of resonance resistance
with temperature shall not exceed 0.2 ohms/10°C at any temperature in the range
of -b0°C to 75°Co (SOO ‘007011)0

3.11 Thermal frequency repeatability.- The absolute values of the fre-
quency changes fy1 - fy2 fyl - fu3, fu2 - fu3, and f13 - f12, shall not exceed
5 x 10~8 when the crystal units are exposed to the prescribed temperature
cycle. (See 4.7.6).

3.12 Unwanted modes.- There shall be no unwanted modes of oscillation
(resonant frequencies other than the desired operating frequency) within + 20%
of the desired operating frequency. In addition, there shall be no abrupt
frequency shifts and no intermittent oscillations. (Some crystal units may
not start oscillating immediately at the plus 20 percent setting, or may cease
oscillating during detuning, without res ion of oscillation on further
detuning. These conditions are permitted.) (See 4.7.12).

3.13 Thermal shock.- When subjected to rapid changes in temperature
t(:etween 0°(): and 100°C, no part of the crystal unit shall crack, chip or break.
See L.7.4).

21




SCS-512

3.1, Seal.- The leakage rate of the crystal units shall not exceed
10-10 atm cc/sec. (See 4.7.5).

3.15 Salt spray (corrosion).- When subjected to a salt spray atmospihere
there shall be no evidence of excessive corrosion. Corrosion that causes i~
pairment of the electrical or mechanical performance of the unit shall be
considered excessive. (See 4.7.13).

3.16 Moisture resistance.- After subjection of temperatures up to 65°C
and a relative humidity of up to 100% for 10 days, the frequency and resistance
of the crystal units shall be within the limits specified in 3.2.1 ard 3.2.2,
and the insulation resistance shall be not less than 500 megohms. (See 4.7.1L).

3.17 Aging.- After 4 weeks stabilization at the upper turnover tempera-
ture and an additional 30 days at that temperature, at no time during the 30
days shall the crystal frequency deviate more than 1 x 10-8/week. (See 4.7.15).

3.18 Accelerated aging.- After being conditioned in an oven at 105° +
3°C for 168 hours and then allowed to stabilize at room ambient temperature, the
difference in frequency between the measurements made immediately prior to and
immediately after conditioning shall not exceed 0.5 ppm, After conditioning,
the resonance resistance shall not exceed 6 ohms. (See 4.7.16).

3.19 Marking.- Marking shall be in accordance with MIL-C-3098.

3.20 Crystal processing requirements.-

3.20.1 Crystal processing flow chart.- Fipure 1 is a flow charb of the
minimum required manufacturing processes.

3.20.2 Resonator blank inspection.- VWhen the resonator blanks are sub-
jected to intense light at 10 X magnification there shall be no visible
imperfections such as chips, cracks or scratches. (See 4.8.1).

3.20.3 Cleaning stations.- Crystal nit components exposed to the
atmosphere shall be cleaned immediately p» or to insertion into a vacuum
chamber, The cleaning procedure shall re:s.:lt in surfaces which are free, on
an atomic level, of both organic and inorganic contaminants.

3.20.3.1 Hydrophobic (organic) contamination.- The resonators shall be
considered clean from hydrophobic (organic) contamination if uniform inter-
ference fringes are observed when they are subjected to condensation of water.
(See 4.8.2.1).
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3.20.3.2 Inorganic contamination.- The crystal unit components shall
be considered clean from 1nor$an1c contaminants if the resistivity of the final
rinse water remains above 10*!/ ohm-cm. (See 4.8.2.2).

3.20.4 Enclosure vacuum bakeout.- Enclosure vacuum bakeout shall be
performed at 800°C + 10°C and 10~7 torr pressure, minimum. (See 4.8.3).

3.20.5 Resonator vacuum bakeout.- The resonators shall be iked in an
0il free high vacuum system at a less than 10-8 torr pressure. .he bakeout
temperature shall be variable up to 400°C. The resonators shall be free of
hydrophobic contamination (see 3.20.3.1). (See L.8.4).

3.20.6 Spot plating.- Spot plating shall be performed in an oil free
high vacuum system at less than 10-7 torr pressure. The rate of deposition
shall be variable, and the film thickness shall be monitored. Materials that
have a strong adhesion to quartz, such as chromium-gold, shall be used. After
the spot is subjected to a scratch by a metal instrument, there shall be no
evidence of peeling at 100 X magnification. (See 4.8.5).

3.20.7 Resongtor mounting and bonding.- The resonators shall be mounted
and bonded to the enclosure in a clean area, containing as a minimum, a laminar
flow clean bench producing a cleanliness equivalent to Class 100 as defined in
FED-STD-209 "Clean Room and Work Station Requirements, Controlled Environment."
The bond shall be a nickel electrobond with a strength of at least 10 ounces.
At the completion of the mounting and bonding process, the resonators shall
cause no distortion in the reflection of a straight line from the resonator
surface. The resonators shall then be inspected and cleaned as specified in
3.20.2 and 3,20.3. (See 4.8.6).

3.20.8 Final assembly.- The last fow processing operations; cleaning,
bakeout, plating, and sealing, shall be performed without exposure of the
vacuum systems and crystal unit components to contaminating atmosphere between
operations. The high vacuum chambers shall have a base pressure of 10-8 torr
minimum., Only oil free pumps shall be used. All back-filling shall be with
pure dry gases or controlled gas mixtures. Appropriate steps shall be taken
to prevent dirt, loose particles and other forms of contaminants from being
present in any of the chambers, The vacuum chambers shall be bakeable to 250°C.
Provisions shall be made for flooding the entire inside of each processing
chamber with short wave ultraviolet %UV) radiation in the presence of a partial
pressure of oxygen. (See 4.8.7).

3.20.8.1 Cleaning.- The mounted crystal resonators and package parts
shall be cleaned immediately prior to the high vacuum operations for bake,
plate and seal by short wave UV irradiation while in a partial pressure of
oxygen. The length of time the crystal components are subjected to the UV
irradiation, the wavelength of the UV irradiation, axd the partial pressure of
oxygen, shall be sufficient to produce the necessary concentration of ozone
for cleaning. The resonators shall be considered clean from hydrophobic
(organic) contamination if uniform interference fringes are observed when they
are subjected to condensation of water. (See 4.8.7.1).
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3.20.8.2 Bakeout.- The mounted crystal units and package covers shall
be vacuum baked prior to plating. The bakeout temperature shall be variable 1
ug_Zo 450°C with a tolerance of + 5°C. The vacuum during bakeout shall be '
10-6 torr minimum. (See 4.8.7.2).

3.20.8.3 Plating.- The electrodes shall be deposited by thermal evapo- |
ration. In order to minimize stresses that could cause aging, the two sides |
of the resonator shall be plated simultaneously at equal rates, such that the 1
final thicknesses of the electrodes shall be within 10% of one another. In
order to minimize the aging due to mass transfer inside the completed resona-
tor, the electrode material shall be of high purity, and it shall be deposited
onto the crystal units rapidly so as to minimize the sorption of contaminants
by the electrodes during deposition. The changing and outgassing of the evapo-
ration sources and the replenishing and outgassing of the electrode material
shall be performed in a "loading and outgassing" chamber. The pressure during
plating shall not rise above 1 x 10-6 torr. The rate of evaporation shall be
ad justable. The alignment of the electrodes shall be within 0.010 inch of the
center of the crystal blanks and within 0,002 inch with respect to each other.
Provisions shall be made for heating the mounted quartz blank during plating.
Also, during plating, the crystal unit frequencies shall be monitored by means
of a hermetically sealed oscillator located near the crystal unit's terminals.
The temperature to which the blanks are heated during plating shall be variable
up to 300°C with a tolerance of + 5°C. (See 4.8.7.3).

3.20.8.4 JSealing.- The sealing apparatus shall be capable of applying a
force that is variable up to 1 ton, it shall be capable of heating the packare
up to 4L00°C with a tolerance of + 5°C, and it shall be capable of providing
combinations of these pressures and temperatures simultaneously. Gauges shall
be provided with resolution appropriate for thermocompression bonding and for
cold weld sealing. The sealed crystal units shall be transferred to the '"unload"
chamber for unloading so that the sealing chamber can remain under high vacuum
continuously. Provision shall be made for sealing the crystal units in an
inert atmosphere. (See 4.8.7.4).

L. QUALITY ASSURANCE PROVISIONS

L.1 Responsibility for inspection.~ Unless otherwise specified in the
contract, the contractor is responsible for the performance of all inspection
requirements as specified herein. Except as otherwise specified in the contract,
the contractor may use his own or any other facilities suitable for the per-
formance of the inspection requirements specified herein, unless disapproved by
the Government. The Government reserves the right to perform any of the inspec-
tions set forth in the specification where such inspections are deemed necessary
to assure supplies and services conform to prescribed requirements.
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4.2 Classification of inspection.- Inspection shall be classified as
follows:

(a) Processing control inspectior. (See 4.L). ‘

(b) First article inspection (does not include preparation for
delivery). (See 4.5).

(c) Quality conformance inspection. (See 4.6).

4.3 Test plan.- The contractor prepared Government-approved test plan,
as cited in the contract, shall contain:

(a) Time schedule and sequence of examinations and tests.
(b) A description of the method of test and procedures.

(c) Programs of any automatic tests including flow charts and block
diagrams,

(d) Identification and brief description of each inspection instrument
with date of most recent calibration.

L.l  Processing control inspectian.- Processing control shall consist of
Table 1 in the order shown and all the tests included in the Government-approved
test plan.

L.5 First article.- Unless otherwise specified in the contract, the first
article inspection shall be performed by the contractor.

4L.5.1 First article units.- The contractor shall furnish the number of
crystal units at each frequency as specified in the contract. (See 3.2.1).

L.5.2 First article inspection.- The first article inspection shall
consist of Tables I and II and all the tests included in the Government-approved
test plan (See 4.3), to show compliance with the requirements of Section 3.

No failures shall be permitted in Table II. The tests in Tables 1 and 1I are
to be performed in the order shown.

L.6 Quality conformance inspection.- Quality conformance inspection
shall consist of tests specified in Tables I, III, IV and paragraph 4.6.3 in
the order shown.

4.6.1 Group A inspection.- Group A inspection shall consist of Table III.
The inspection shall be made either on the same sample or separate samples for
subgroups 1 and 2.
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4L.6.1.1 Sampling plan.- Statistical sampling and inspection shall be
in accordance with MIL-STD-105 for general inspection level II. The accept-
able quality level (AQL) shall be as specified in Table II. Major and mino-
defects shall be defined in Table V of MIL-C-3098 and MIL-STD-105.

L.6.2 Group B inspection.- Group B inspection shall consist of Table 1V.

L.6.2.1 Sampling plan.- Statistical sampling and inspection shall be in
accordance with MIL-STD-105 for special inspection level S-4. Major and minor
defects are as defined in Table VI of MIL-C-3098 and MIL-STD-105.

4.6.3 Religbility.- Reliability test shall be as specified in 4.9.

L.7 Methods of examination and test.- Methods of examination and test
shall be as specified in the appropriate tables and as follows:

4.7.1 Solderability.- Each terminal area shall be subjected to method
2002 of MIL-STD-883., (See 3..).

4.7.2 Shock.- The crystal units shall be tested in accordance with
MIL-STD-202, method 213B, Test Condition E, (except that the duration time
shall be ém sec) and one blow in each of three mutually perpendicular planes.
The frequency shall then be measured in accordance with 4.7.9. (See 3.5).

L.7.3 Vibration.- The crystal units shall be tested for vibration per
MIL-STD-202, method 204C, Test Condition D. The frequency and resonance re-
sistance shall then be measured in accordance with 4.7.9. (See 3.6).

L.7.4 The shock.- The crystal units shall be tested for thermal
shock per paragraph 4.8.12.2 of MIL-C-3098. After completion of the test the
units shall be examined for cracks, chips, or breaks. (See 3.13).

4.7.5 Seal.- The sealed crystal units shall be tested for hermeticity
according to MIL-STD-202, method 112, Test Condition C, Procedure III. Back-
fill pressure and gross leak test conditions used shall be as specified in the
Government-approved test plan.

4.7.6 Thermal frequency repeatability.- The crystal units shall be
subjected to the following temperature cycle:

(a) Heat from room temperature to the upper turning point t ra-

ture and, after thermal equilibrium is reached, measure the frequenc i
accordande with 4.7.9. ’ e frequency (fu1) in

(b) Heat to 85°C and maintain at this temperature for one hour.

(¢) Lower the temperature to the upper turning point temperature
and, after thermal equilibrium is reached, measure the frequency (fy2) in
accordance with 4.7.9.
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(d) Lower the temperature to the lower turning point temperat:re
and, after thermal equilibrium is reached, measure the frequency {rj) in
accordance with 4.7.9.

(e) Cool the unit to -55°C and maintain at this temperature for
one hour,

(f) Raise the temperature to the lower turning point temperature
and, after thermal equilibrium is reached, measure the frequency (fL2) in
accordance with 4.7.9.

(g) Heat to the upper turning point temperature and, after thermal
equilibrium is reached, measure the frequency (fy3) in accordance with 4.7.9.

4.7.7 Capacitance.- The unit's motional capacitance shall be measured
t().v using u)n applicable crystal impedance meter specified in MIL-C-3098.
See 3.2.4).

4.7.8 Reduced drive level.- Reduced drive level shall be measured in
accordance with paragraph 4.8.6 of MIL-C-3098. (See 3.7).

L.7.9 Frequency and resonance resistance.- Frequency and resonance
resistance shall be measured in accordance with parsgraph 4.8.8 of MIL-C=3098.

4.7.10 Lomutggpeégture storage.- Crystal units shall be subjected to a
temperature of -55°C for 2 hours and shall then be measured for resistance

with the crystal at a temperature of -55°C. The resistance shall be measured
at reduced drive level. (See 4.7.8 and 3.9).

L.7.11 Temperature run.- Temperature run shall be performed in accord-
ance with paragraphs 4.8.10 and 4.8.10,1 of MIL-C-3098. (See 3.10).

4.7.12 Unwanted modes.- Unwanted modes shall be measured in accordance
with paragraph 4.8.11.1 of MIL-C-3098. (See 3.12).

4.7.13 Salt spray.- Salt spray shall be performed in accordance with

paragraph 4.8.14 of MIL-C-3098. The units shall then be inspected for
excessive corrosion, (See 3.15).
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Table I.- Process control requirements

Reqt Test No. units Frequency Failure
Requirement Para Para tested pery of test Evaluation
each bat.ch-j
Resonator blank 3.20.2 4.8.1 ALl each resonator 2/
inspection
Cleaning stations 3.20.3 4.8.2 1 each batch 3/
Enclosure vacuum 3.20.4  4.8.3 1 " " 3/
bakeout
Resonator vacuum 3.20.5  4.8.4 1 " " 3/
bakeout
Spot plating 3.20.6  L4.8.5 1 " - L4/
Resonator mounting 3.20.7 4.8.6 As specified . As specified
and bonding in 4.8.6 in 4.8.6
Cleaning stations 3.20.3 4.8.2 1 " " 3/
Resonator blank 3.20.2 4.8.1 Al each resonator 2/
inspection
Final assembly: 3.20.8 4.8.7 As specified each batch As specified
in 4.8.7 in 4.8.7
Cleaning 3.20.8.1 4.8.7.1
Bakeout 3.20.8.2 4.8.7.2
Platmg 30200803 A08¢703
Sealing 3.20.8.4 4.8.7.4
y; batch shall be defined as a group of crystal unit components which are
subjected to a specific process at one time.

g/Failed units shall be rejected.

k74 A failure shall require batch be rejected or recycled.
A failure shall require batch be rejected.
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Lxamination or test

- T — ——— —

Visual and mechanical examination
(external)

Solderability

Shock

Vibration

Reduced drive level

Capacitance

Frequency and equivalent resistance

low~temperature storage

Temperature run

Thermal frequency repeatability

Unwanted modes

Thermal shock

Seal

Salt spray (corrosion)

Hoisture resistance

Aging

Visual and mechanical examination
(internal)

Reliability 2/

Reat Met.hcd No. Units
Para Para to be Lestudl/

3.2, 3.3 LeT.17 15
3'10 Lu?-l lf
3¢5 LeTe2 15
3.6 beTe3 15
3.7 L.7.% 15
3.2.4 LeTeT7 15
3.8 bieoTleD 15
3.9 4.7.10 15
3.10 L.7.11 15
3Ll L.7.6 15
3.12 I 15
3.13 L.T.4 15
3.14 LeT7.5 15
3.15 L.7.13 3
3.16 Le7.1h 3
3.17 LeT7e15 15
3.2,3.2046, 4.7.17 -
3020.7,

3.20.8.3

3.2.5 L.9 L6

;/This is the number of units at each frequency to be tested (see 3.2.1),

except for Reliability test.

g/The lot of 46 units selected must be representative of the four frequencies.
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Table III.~ Group A inspection

AQL (percent

Examination or test Reqt liethod defective)
Para Para lajor liinor

Subgroup 1
Visual and mechanical examination 3.2,3.3 4.7.17 - s

(external)

Shock

Reduced drive level

Frequency and resonance resistance
Low-temperature storage
Temperature run

Thermal frequency repeatability
Unwanted modes

Seal

Subgroup 2
Accelerated aging
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Two sample units only for external dimensions. No failures permitted.




Table IV.~ Group B inspection

SCS-£12

Reqt Y.ethod T TAQL (percent
Examination or test Para Fara. defective)
la jor tiinor
Solderability 3.4 LaT.1 7
Capacitance 3.2.4 L.7.7 '
Shock 305 lbo702
Vibration 3.6 La7.3
Thermal shock 3.13 LeTel -
Seal 3.1 4e7.5 1.0 -
Salt spray (corrosion) 3.15 4.7.13
lioisture resistance 3.16 4.T.14
Visual and mechanical examination 3,2,3.20.6, 4.7.17
(ir\tem) 3.20.7’ J'
3.20,8,3
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4.7.1) Moisture resistance.- Moisture resistance shall be performed in
accordance with paragraph 4.8.15 of MIL-C-3098. Frequency and resonance
resistance shall then be measured in accordance with 4.7.9. (See 3.16).

4.7.15 Aging.- ing shall be performed in accordance with paragraph
4.8.16 of m.-c-309e % See 3.17).

4.7.16 Accelerated aging.- Accelerated aging shall be performed in
accordance with paragraph 4.8.16.1 of MIL-C-3098. (See 3.18).

4.7.17 Visual and mechanical examination.- Visual and mechanical
examination shall be performed in accordance with paragraph 4.8.2 of MIL-C-3098.

L.8 Processing control inspections.- The following inspections are
performed as specified during the fabrication of the crystal units.

4L.8.1 Resonator blank inspection.- Each resonator blank shall be in-
spected for chips, cracks and scratches under intense light at 10 X magnifica-
tion. Only those crystal blanks which are free of visible imperfections at
10 X magnification shall be processed. This inspection shall also be performed
prior to final assembly. (See 3.20.2 and 3.20.73).

4L.8.2 Cleaning stations.-

L.8.2.1 Hydrophobic (organic) contamination.- The resonators shall be
checked for hydrophobic contamination by selecting one wafer from each batch
and holding it over hot distilled and deionized water so as to produce con-

densation. The resulting interference fringes are then observed over the whole
surface facing the water for uniformness., % See 3.20.3.1).

4.8.2.2 Inorganic contamination.- The resonators shall be checked for
inorganic contaminants prior to insertion into the final processing system by
monitoring the resistivity of the final rinse water. (See 3.20.3.2).

4.8.3 Enclosure vacuum bakeout.- Suitable measuring devices shall be
used to record a temperature of 800°C + 10°C and a pressure of less than 10-7
torr in the vacuum bakeout oven. (See 3.20..4).

L.8.4 Resonator vacuum bakeout.- One resonator from each batch shall
be held over hot distilled and deionized water so as to produce condensation.
The interference fringes on the whole surface facing the water shall be
observed for uniformness. (See 3.20.5).
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4.8.5 Spot plating.- The spots shall be scratched with a sharply
pointed metal instrument (such as a straight pin) and then observed at
100 X magnification. Units subjected to this test shall not be delivered on
the contract. (See 3.20.6).

L.8.6 Resongtor mounting and bonding.- After mounting and bonding, each
unit shall be inspected for distortion by ouserving the reflection of a
straight line from the resonator surface. The strength of the electrobond
shall be determined by performing a pull test on one unit from end batch
processed. Units subjected to the pull test shall not be delivered on the
contract. (See 3.20.7).

4.8.7 Final aggembly.- At the completion of the final four processes,
(cleaning, bakeout, plating and sealing), each batch shall contain a unit that
has not been sealed. This unit shall then be examined for cleanliness
(see 4.8.7.1) and plating (see 4.8.7.3). (See 3.20.8). If unit fails clean-
liness and/or plating requirements, the entire batch shall be rejected.

L.8.7.1 Cleaning.- The resonators shall be inspected for hydrophobic
contamination using the method described in 4.8.3.1. (See 3.20.8.1).

4.8.7.2 Bakeout.- Suitable measuring devices shall be used to ascertain

the actual temperature (and accuracy to which it is maintained), and pressure of
the vacuum bakeout oven.

4.8.7.3 Plating.- A visual and mechanical examination in accordance with
paragraph 4.8.2 of MIL-C-3098 will be made to insure the alignment of the
electrodes conforms to 3.20.8.3. Suitable measuring devices shall be used to
monitor the plating chamber pressure and the resonator temperature.
(See 3.20.8.3).

4L.8.7.4 Se .~ A seal test will be performed on one unit from each
batch using the method described in 4.7.5. Suitable measuring devices shall
be used to record sealing force and temperature during the sealing process.
(See 3.20.8.4).

4.9 Reliability.-

4.9.1 Prerequisite.- The crystal units to be used for this evaluation
shall be selected from lots which have successfully completed Groups A and B
inspections. (See 3.2.5).

L.9.2 Reliability test oven.- The units selected for the reliability
evaluation shall be stored in an oven maintained at the upper turnover tempera-
ture and stable to at least + 0.01°C. The oven shall be constructed with
suitable electrical connectors so each erystal unit can be oscillated and
measured to the required accuracy.
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4.9.3 Reliability test cycle.- The reliability test cycle shall con-
sist of submitting 50 units of each frequency (200 units total) to the follow-
ing sequence of tests which shall be repeated at weekly intervals, All
frequency measurements shall be made in a measurement system capable of
measurements reproducible to 2 parts in 109:

(a) Resonance resistance measurements shall be made in the test
set prior to inserting the crystals in the oven and after removal from the
oven on completion of the test.

(b) After insertion in the oven the crystal units shall be
stabilized for L weeks at the upper turnover point prior to beginning the
reliability test cycle.

(¢) Measure and record the resonant frequency of each crystal
unit 4 weeks after the oven stabilizes at the upper turnover point.

(d) The crystal units shall be maintained at the upper turnover
point for an additional 6 weeks. Measure and record the resonant frequency of
each crystal unit during this period.

L4.9.4 Religbility evaluation.- The test data obtained from the twice
weekly measurements during the test cycle shall be evaluated at the end of the
6 week period. Units showing a frequency change of more than 1 X 10-8 per
week during the test period shall be classilied as failures.

4.9.5 Fallure-rate criteria.- When subjected to the reliability test
cycle specified above, the failure rate shall not exceed 1%/1000 hours at a
60% confidence level (i.e. equivalent to 1 failure for 200 units over a
1000 hour period of testing).

5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery shall be as specified in the contract.
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6. NOTES

Process facility ac dations.- The processing equipment should
accommodate, as & minimum, the four different sizes of microcircuit compatible
crystal enclosures as follows:

(a) The microcircuit compatible equivalent of the HC-6.
(b) The microcircuit compatible equivalent of the HC-18,
(c) The microéircuit compatible equivalent of the HC-32.
(d) The microcircuit compatible equivalent of the HC-LAL.

The term "equivalent" as used here means that the dimensions of the new enclosure
will fit within the space described by the outside dimensions of the corresponding
enclosures referred in MIL-H-10056. The inside dimensions of the new enclosures
should be suitable for accommodating the range of resonator diameter normally
accommodated in the respective enclosures of MIL-H-10056. The minimum diameter
to thickness ratio of the resonator which the enclosure should be able to
accommodate is thirty.

6.2 Processing facility capability.- The processing facility should be
capabled the following:

(a) Processing a minimum of 200 acceptable crystal units per & hour
day with a minimum yield of 66%.

(b) Full capacity operation, without breakdowns, for a minimum of
five consecutive days. (A breakdown shall be defined as any equipment related
occurrence that causes an interruption of the normal fabrication routine for
more than 10 minutes per 8 hour work day.)

(¢) Final assembly (cleaning, bakeout, plating, and sealing) should
be performed using as much automated equipment as economically feasible.
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Frame

Bottom 1id

Figure 2A. EXPLODED VIEW OF TJE QUARTZ RESONATOR PACKA3E.




a8CS =512 Terminal area

\ All shaded regions
designate areas of
metalization used
for interconnection.

Figure 2B. FRAME FOR THE QUARTZ RESONATOR PACKAGE

RESONATOR cur MOUAGE FRAME

Figure 3. CROSS SECTION OF PACKAGE FRAME SHOWING RESONATOR AND
MOUNTING CLIP CONGIGURATION
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| ELECTRONICS COMMAND 5CS-512

5 TECHNICAL REQUIREMENTS AMENIDMENT-1

‘ 20 March 1976
SUPERSEDING
ERRATA SHEET

i SHOCK RESISTANT CRYSTAL UNITS

This amendment forms a part of Electronics Command Technical Requirements
SCS-512, 23 October 1975

Page 2
3.2.3, delete "150 microwatts + 10%" and substitute "15 microwatts + 10%".
Page 3
3.5, delete and substitute:
"3,5 Shock.- For the 1000g crystal unit, the frequency change shall not
exceed 5XI10-7 after being subjected to shock forces of 1000g. FYor the
15000g crystal unit, the frequency change shall not exceed 2X10'6 after
being subjected to shock forces of 15000g. (See L.7.2)."
3.10, delete "18 ppm + 3 pmpm" and substitute "18 ppm + 5 ppm".

3.11, add comma after "y~ fyo"e

: Page L
E ¢

3.17, delete paragraph in its entirety.

F Page 8

L.7.2, delete and substitute:

"h.7.2 Shock (see 3.5).- The crystal units shall be tested in accordance
with MIL=STD-202, method 213B, Test Condition F, with the following
exceptions:

(a) For the 1000g crystal units - the shock peak value shall be
1000g and the duration 6 msec.

(b) For the 15000g crystal units - the shock paak value shall be
15000z and the duration 6 msec."
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AMENDMENT-1

Page 11

Table II, delete colugy heading "Examination or test" and substitute
"Examination or test £/",

Table II, delete "Aging" test.

Table II, delete "Reliability.g/" and substitute "Reliability".

Teble II, Under "No. of Units to be tested" column for Roliability:
delete, "L6" and substitute "25"

Table II, In "footnote 1": delete, "except for Reliability test."

Table II, delete "footnote 2" in its entirety and substitute:

'E?&he tests shall be performed on the same set of sample units except for
reliabililty. The reliability test may be performed on a separate sct
of sample units,."

Page 1

L.7.15, delete paragraph in its entirety.

Page 17
6., delete Section 6, "NOTES" in its entirety.
Page 19

Figure 2A,delete "bottom 1id" and substitute "bottom.lid (metallized on
bottom) ",
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