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ABSTRACT

The purpose of this project was to develop quartz crystal resonator designs, production
processes, and test capabilities for 5-MHz, 6.2-,MHz, and 10-MHz resonators for Tactical
Miniature Crystal Oscillator (TMXO) applications. GE Neutron Devices (GEND) establisl_ed and
demonstrated the capability to produce and test quartz crystal resonators for use in the TMXO
developed by the U.S. Army ERADCOM (now LABCOM). The goals for this project were
based on the ERADCOM statement of work.

The scope of work indicated that the resonator production facilities for this project would not
be completely independent, but that they would be supported in part by equipment and
processes in place at GEND used in U.S. Department of Energy (DOE) work. In addition,
provisions for production test equipment or for eventual technology transfer costs to a
commercial supplier were clearly excluded from the scope of work.

The demonstrated technical capability of the deep-etched blank design is feasible and
practical, lt can be manufactured in quantity with reasonable yield, and its performance is
readily predictable. The ceramic flatpack is a very strong package with excellent herrneticity.
The four-point mount supports the crystal to reasonable shock levels and does not perturb the
resonator's natural ;-equency-temperature behavior. The package can be sealed with
excellent yields. The high-temperature, high-vacuum processing developed for the TMXO
resonator, including bonding the piezoid to its mount with conductive polyimide adhesive, is
consistent with precision resonator fabrication.
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INTRODUCT'ION

The purpose of this project was to develop quartz crystal resonator designs, production
processes, and test capabilities for 5-MHz, 6,2-MHz, and 10-MHz resonators for Tactical
Miniature Crystal Oscillator (TMXO) applications. The resonators are Intended to meet the U.S.
Army Electronics Technology and Devices Laboratory (ETDL) technical requirement,
"Development of a Tactical Miniature Crystal Oscillator" dated March 17, 1978, and the
requirements stated in Drawing No. 404B046 from the Bendix Corporation.

Under Contract Nos. 79-EDTL-DLM-01,79-19587, and 79-19449, GE Neutron Devices
(GEND) established and demonstrated the capability to produce and test quartz crystal
resonators for use in the TMXO developed by the U.S. Army ERADCOM (now LABCOM), The
goals for this project were based on the ERADCOM statement of work, "MM&T for Processing
High Stability Quartz Crystal Units," dated August 8, 1979 (seeAppendix A). Four areas of
work were requested in the statement as follows:

• Expand the capabilities of the ceramic flatpack production facility to
accommodate the HC-XM49/U style flatpack. (Figures 1 and 2 show the two
types of resonator packages.

• Establish a plan to manufacture a TMXO resonator for $85 (1979 dollars),
develop commercial sources for piece parts, and implement cost-e1_ective
aspects of the plan.

• Evaluate replacement conductive adhesives and qualify at least one of them.

• Deliver reports and drawings and deliver 400 engineering samples, 80
confirmatory samples, 700 pilot line samples, and equipment and tools.
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Figure 1. Ceramic Flatpack Crystal Resonator
Package of Prior Work



iii

i: _:_i :_,!iii!ii_:_....... "_i_!i!i_ii_i_ii!__ _ii : .... .....:_i_ _i.........,........._........_.....,._._i_i_
_:i_ii!_!:i_!!!_:.... _iiiii!!!_.i! : _ _:..i::_:_:_....:........ :_::::_:::_.'_::_•:: _,_:ii_iiiii_ii_!_ii!!_i__..... _i!i!i!ii!i!!iiiii!_

• ii_iti_ii!._ i__iil,ii!i!i_i!ii!ii_i

Without Cover

Note: Parts are equivalent to two ttmes the sizeof parts shown In Flgure 1.

Figure 2. HC-XM49/U Flatpack Crystal Resonator Package Used In Current Work

The military product specification for the TMXO resonator (dated August 1979) Is included in
Appendix B of this report. The following details selected from the TMXO product specification
highlight the technical goals of the work:

• Type designation: CR-(XM-151)/U

• Evacuated package: 1E-6 torr

• Shock induced frequency shifts: less than 1E-9

• Frequency sensitivity to vibration: less than 1E-9 per G

• Package hermeticity: 1E-lO std cc/sec or better

• Short-term frequency stability: 1E-11 from 1 to 1200 s

• Long-term frequency stability: less than 2E-10 per week

In May 1980, GEND responded to ERADCOMwitl_a cost estimate which Identified the funds
required and defined the scope of work for the Phase III TMXO resonator program, This
document, Included in Appendix C, was updated on June 24, 1981.

The scope of work indicated that the resonator production facilities for this project would not
be completely autonomous, but that they would be supported in part by equipment and
processes in place at GEND used in U.S, Department of Energy (DOE) work, In addition,
provisions for production test equipment or for eventual technology transfer costs to a
commercial supplier were explicitly excluded from the scope of work.



BACKGROUND

ERADCOM set goals for the TMXOcrystal in the draft military specification, "Ceramic Flatpack
Enclosed Quartz Crystal Resonator for TacticalMiniature Crystal Oscillator Assemblies," dated
August 6, 1979 (see Appendix B)'.

Principal design features included:

• Ceramic flatpack style case

• Precision third and fifth overtone thickness/shear design

• Conductive polytmide cement to ribbon mount.

Principal performance goals were:

• Short-term frequency stability: 1 E-11 from 1 to 1200 s

• Long-term frequency stability: 2 E-lO per week

• Frequency temperature hysteresis: 3 E-9.

Principal processing features were:

• Complete in-vacuum tuning and sealing

• High temperature processing

GEND had previously established a pilot production capability which Incorporated the essential
features proposed for the TMXO resonator, lt had been installed to manufacture and test
20-MHz ceramic flatpack resonators for ERADCOM under Contract No. 79-EDTL-MQ-01.
This previous work will be referredto as "Phase I1"activity.

The pilot production capability employed a vacuum system called the Quartz Crystal
Fabrication Facility (QXFF),which baked-out, tuned, and sealed ceramic flatpack resonators,
maintaining them at ¢,1times in a high-vacuum, high-temperature environment. A
photograph of this system is shown in Figure 3. Descriptive sketches are shown in Figures4
and 5. Substantial modifications prepared the QXFF to finish the larger format TMXO
resonator.



Figure 3. Quartz Crystal Fabrication Facility

Figure 4, An Isometric Sketch of the (24-foot long) QXFF System, Denoting the Five
Chambers
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Figure 5, Cross-Section Sketch With Detail to the Inner Workings of the QXFF

DESIGN SIMILARITIES TO PHASE II

In GEPP-FR-677, "ERADCOM Resonator Phase II Final Report," dated July 15, 1984, the
ceramic flatpack resonator technology at GEND was presented In substantial detail, In that
report, the design philosophy, the realization of the design, the process technology, and the
process results were given In the context of the ceramic flatpack enclosed 20-MHz
fundamental mode AT (a two letter designation of crystal cut) resonator, The current Phase Iii
TMXO work is based greatly on the experience of Phase I1. Issues discussed In this report
relate primarily to the 10-MHz, thl t overtone TMXO flatpack crystal unit. Specifically, the
differences between current and prior work will be emphasized.

DESIGN PRINCIPLES

The design of the TMXO resonator, like its predecessor, was primarily the responsibility of
ERADCOM, The development of parts, technology, and vendor sources was primarily the
responsibility of GEND. Materialswere chosen to be compatible with processing temperatures
above 350°C and vacuum levels below 1_E-7Torr, The essential principles of strict attention to
cleanliness and high-temperature, hlgh-vacuum processing','which were employed In Phase
II, were also employed in Phase III,

EQUIPMENT AND PROCESSES

GENERAL PROCESSING EQUIPMENT

Nearly ali of the equipment needed to process and assemble the Phase III resonator was in
place either from previous or concurrent work, lt may be described as either special purpose
process equipment, or'general purpose equipment.
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General purpose equipment is listed below. The general purpose equipment will not be
dlecussed further, unless details of its operation are considered important to the process and
were not presented in the Phase II report,. This equipment includes:

• Various process ovens

• U/V ozone cleaners

• Wet.-cleaning stations

• Clean assembly benches

• Brazing furnaces

• Vacuum-firing furnace

• Electroplating baths

• Screen print, dry and fire equipment

• Inspection microscopes and Instruments

• Environmentally-controlled storage.

• E-beam thin-film deposition systems

• Water drop contact-angle gontometer

SPECIAL PURPOSE PROCESSING EQUIPMENT

Some of the processing_quipment is specialto resonatorfabrication and had to be
constructedor modifiedto accommodate the 14-mm diameter blank employed in the Phase
III resonator. Thisequipmentis discussedinthe followingparagraphs.

Braze Fixturirtg

Molybd3numclipssupport the quartzwafer Inthe ceramic fiatpack. The clipsare formed from
ribbonswhichare brazed to the metallizations. Ceramic braze fixturesestablishand maintain
precisealignmentof the ribbons on the ceramic frame as they are brazed tn place, These
fixturesare typicaland are fabricated at GEND.

Clip Punch and FormTooling

Afterthe molybdenumriL_bonsare brazed inplace, theyare cut to the correctlengthand bent
to form the resonatormountingclips. The punchmust be carefully maintained in order to
shearthe 0.001-in thickmolybdenum ribbonwithoutleavingburrs.



.GasketPress

The pneumatic gasket press assembles a gold gasket to the gold plated seal area of the
ceramic covers, lt simply coldweldsthe gasketto the coverslightly,permittingthe
cover/gasketassemblyto be handledas a unit in furtherprocessing, The Phase III press is a
larger model of the one used in Phase II,

QXFF Carrier and Sealing Boats

The parts carriersusedto transportthe resonatorsfrom stationto stationthroughthe QXFF
were redesignedto fit the larger ceramics, In principle and in practice they are enlargements
of Phase II carriers, They wer_jdesignedto minimize the need formodifications to the QXFF
itself,

Contact Fixtures

Beforethe quartz wafer is cemented into its frame, it must havethinfilm metallization
depositedontoitsfour mou'lting areasshownin Figure6, Like its predecessor,the Phase III
resonatoruses a molybdenum/goldcontactmetallizatlon. Themasks that holdthe quartz
wafers in the deposition systemand definethe deposited film patternneed onlyto
accommodate the 14-mm diagram blank,

ii i i i ii i i ii i .,

.___ - 13°,1=, 8 PL

L_.5o _ (OPTICAL AXIS}
i iii ii i

Figure 6, Contacted Blank

OXFF

The quartz crystalfabrication facility required modifications to handle the larger format
resonator,Those modificationsare exemplifiedby the manipulatorthat transferseach
resonatorfrom the carriertray into the courseelectrodedepositionand the fine tuning stations
whiletheQXFF staysat ultrahighvacuum. The modifiedmanipulatoris shown in Figure7, and
the originalversionis shownin Figure8 for comparison.



Figure 7. Modified Manipulator

Figure 8. Original Version Manipulator
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Etch, Rinse, and Spin Dry Equipment

The crystalcarrierusedin the wet processing,cleaning, and etchingof thewafersis a
commercially availablecarrierusedwithoutmodification(Fluoroware,Inc., Catalog No.
A-16-01). Other processequipmentforetching,wet cleaning, and dryingthe blanksis
unchanged fromthat used in Phas_ II,

Contact Anole Goniometerw

The waterdrop contact-angle goniometer is used to evaluated the effectiveness of quartz blank
cleaning process, lt is used routinely for ali resonator production at GEND and is unchanged
from Phase I1.

PIECE PARTS AND MATERIALS

As shown on the process flow chart in Appendix D, the resonator comprises seven major piece
parts, These parts are discussed in the following paragraphs, and the drawings for these parts
are included in Appendix E.

LAMINATED FRAME

The laminated frame is shown in Figure9 (Drawing No, 46C926307 in Appendix E), Design
and fabrication of this ceramic frame employs the same principles and techniques as did its
smaller predecessor, lt is a three-layer laminate of high alumina ceramic. The tungsten metal
feedthroughs are printed onto the bottom layer before the layers are stacked and fired.

llll __ _

0.2 M_ TVo _

aPLC_ II

Ju.L.AROUND

BOTHSJDE5 L c.L_5_ a_R-o

Figure 9. FrameProcessed



A critical feature of this package is the flatness of the top and bottom sealing surfaces. Sealing
yields are highly dependent on the flatness o_these surfaces.

There are ',wo types of metallization used on the package. For metallized areas that must be
co-fired with ceramic, tungsten is used. GEND buys frames with the tungsten metallization in
place as shown in Figure 10. The frames include the feedthroughs. Those metallizations that
are applied after firing the ceramic are performed either by the vendor or by GEND. The
surfaces are first screen-printed with a molybdenum/manganese/titanium conductive
metallization and then gold electroplated. The surfaces include the sealing surfaces on the top
and bottom of the frame. The metallizations done at GEND are detailed in Drawing Nos.
SS284790 and SS329971, Appendix E.

_'=--'---4.1,'25 LIMIT :,
2r-_

1-O._t 0.0_
S_-'tlonC-C

Figure 10. Laminated Frame
J

CERAMIC COVER

The ceramic cover is shown in Figure 11a and in Appendix E, Drawing No. 46C924946G1. The
cover is a single thickness of ceramic, the same type used in the frame. No co-firing of
metallization is necessary, as in the case of the frame. The metallization of the sealing
surfaces is screen printed with molybdenum/manganese/titanium and then gold electroplated
following the same procedures used in metallizing the laminated frame shown in Figure 11b.

U
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a. Cover b. GoldPlated

Figure 11. Ceramic Cover

The flatness of the cover is essential to successfully sealing the package. A warped cover will
crack when the sealing pressure is applied to it. Grinding or lapping the cover is not necessary
if the part flatness meets the drawing requirements as fired, The purity of the electroplated
go_dand the cleanliness of the gold surfaces are also important for successful sealing,

QUARTZ BLANK

The auartz blank_ used in this work are described in Drawing Nos, 46A924940, 46A926845,
46A92_'846,46A926922, and 46A927146, in Appendix E, LABCOM explored the advantages of
5-MHz and 10-MHz designs in both AT- and SC-cut resonators, Most of the designs were
etched about 15 "f-squared." (For example, the 10-MHz, third overtone units were etched
such that their fundamental frequency increased by approximately 155 kHz from its final polish
frequency.) Ali of the blanks were 14 mm in diameter. Blanks were prepared by several
vendors and were supplied to GEND by LABCOM. Mounting the blank in the ceramic frame,
tuning the resonator to frequency, and sealing the package were done independently of the
blank design. Details of these processes are given in Appendix E,

MOLYBDENUM MOUNTING CLIPS

Drawing No. 46A924943 in Appendix E gives details of the mounting clips that support the
quartz element. The resonator blank is supported by four clips equally spaced around its
periphery. The clips are formed from gold-plated molybdenum ribbons that have been brazed
to metallized areas on the ceramic frame (Figure 12a). The ribbon is 0.060-in wide and
0.001-in thick. After forming, the four clips provide four coplanar pads to which the blank is
cemented (Figure 12b).

.................................. i

a_ FrameW'rth b, Frame Clip
Ribbons Assembly

Figure 12. Mounting Clips
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POLYIMIbE CEMENT

The po!ytmideceme_t is described in Drawing No. 46A923763 in Appendix E. The resonator
blank is ¢:ementedto the molybdenum clips with silver-filled conductive polylmide, lt is the
same aGnesive used in the fabrication of Phase II resonators and is used for the same
reason,c_,i._-_.,high-temperature stability and low outgassing. .

BRAZE WASHERS

The braze washers are described in Drawing No. SS268140-200 in Appendix E. The
molybd,Jnum clips are brazed to the metall_,.ationon the ceramic using a conventional braze
alloy of nickel, copper, and silver.

SEAUNG GASKET

The sealing gasketis described in Drawing No. 46A924945P1 in Appendix E. A pure g_ld
sealing gasket forms the seal between the gold metallized frame and each lid. The gasket is a
thin loop of rectangular cross-section gold wire. lt is punched from sheet material because it
must be seamless. The gasket for this work was scaled-up in size from Phase II, but performs
exactly the same way.

TESTING

In-process inspection points are shown on the flow chart in Appendix D, and the requirements
are given in the associated drawings. In-process tests are for process control only.

Many of the "tests" shown are environmental treatments with the operating characteristics of
the crystal units measured before and after the treatments to evaluate their effect.

• Bondability (frames)

• Visual and mechanical inspection

• Seal (Radiflo*)

• Characterization of electrical parameters

• Accelerated aging (120°C, 168 hours)

• Unwanted modes

• Slew (frequency and resistance versus temperature)

• Thermal frequency repeatability

• Thermal time constant

• Thermal shock

*Trademark, Iso Vac Engineering
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• Vibration

• Shock

• Aging

• Short-term stability

• Nuclear survivability

PHASE III ACTIVITY

z I

RESONATOR DESIGN

Description

• The TMXO resonator package (HC-XM49/U) accommodates a 14-mm diameter crystal blank
and, therefore, is roughly equivalent to the HC-6 style crystal holder and is adapted to similar
applications. The finished crystal unit enclosure is an octagonal ceramic flatpack about s

20-mm across and 6-mm thick. Four edge tabs at 90-degree angles to one another are
metallized to provide electrical contacts to hermetic feedthroughs.

The high density alumina ceramic package consists of an octagonal frame and a top and
bottom lid. Each ceramic lid is about 1-mm thick, and the frame is about 4 mm. Tungsten
feedthroughs are fired into the ceramic frame, and matching annular zones are screened onto
both the lids and the frame to provide metal-to-metal seal areas for final package closure.

Resonator Blank

While several successful designs have been tested, most TMXO resonators built have been
10-MHz, third overtone SC designs developed by the ETDL. Precision crystal techniques and
processes have been employed universally.

Ii

Mount

_: The final TMXO resonator design employs a four-point, 90-degree ribbon mount. The
molybdenum ribbons are brazed to metallized contacts inside the ceramic frame. The
O.O01-inthick by O.060-in wide molybdenum ribbon provides high lateral stiffness along with
high radial compliance which makes it a strong, yet low-stress mount,

The quartz blank is cemented to the mount with silver-loaded conductive polyimide. Polyimide
= was chosen in earlier work for its combination of strength, high-temperature resistance and
•J low outgassing.

13



RESONATOR PROCESSES

Mostof the processesdescribedbelow were developed In Phac,e II work (reference
GEPP-FR-677). The processesare shown in Table 1, This report will focus on the changes
that were necessary in order to accommodate the larger peckage and resonator blank,
Current process specifications and drawings are provided in Appendix E. The guiding
principleswere similar to those developed earlier: continuous high-vacuum processing,
extensive use o_UV/Ozone cleaning, and clean room handling techniques.

Blank Preparation
i

In ali activity,blankswere prepared_ndsupplied bythe U.S. Army ETDL or were purchased in
theirfinalsurfaceconditionwhich met ETDL specifications.The blanks had eithera standard,
or deep etch, chemically polishedfinish.

Blank preparationat GEND, therefore,was confined to cleaningandto the vacuumdeposition
of molybdenum/goldmountingpads. A water drop contact-angle testwas used to verify
cleanliness. No changeswere needed in the mountingpad evaporationprocess.

Table1. FabricationProcesses

Equipment Processes

Frame/cover Degrease, metallize,goldplate

Frame/clip assembly Braze, punch, form,vacuumfire

Covergasket P_sembly U/V clean, assemble,vacuumfire

ProcessedJystal blank Clean and etch, measurefrequencyand waterdrop
contact angle

Cryr_(alblank contacted Vacuumdeposit Mo/Au contactpads

F_ame/blank assembly Mount/cement

Frame/blank(electroded QXFF processing: entrance, bake, tune to frequency,
and sealed) seal, exit

Packaae Preparation

Piece partsfor the enclosurewere purchased as bare ceramics withonly the tungsten
metallizedfeedthroughsapplied. Ali subsequentlapping,metalliztng,goldplating,brazing,and
clip-forming operationswere developed and performed at GEND. The technology base was in
placeas a resultof Phase II activity.

14
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Blank Mount and Cement

The procedure for mounting the quartz blank into the prepared package is a manual operation,
and was not changed for Phase III. The polylmlde cure schedule, however, received
substantial attention. (The final schedule Is given in the set of process drawings in
Appendix E.) Care In the handling, storage, and use of the conductive polyimide is Important
to the strength of the resulting bonds.

Crystal Unit Finisbina

The finishingprocesses(UV/Ozone cleaning,tuning, and sealing)r_presentmost of the Phase
III developmenteffort,since it isthese processeswhich are primarilyresponsiblefor the
performanceof the finalunit.

TEST EQUIPMENT

Several tests for the TMXO relate to its application as a precision resorJ,_or. Aging and
short-term stability tests are two examples where the specification imposes test equipment
requirements substantially different from those of Phase II work. Thus, test oscillator ovens are
different from earlier ones,

The Bendix Corporation in Baltimore, Maryland, provided the test ovens for Phase III
development. Both ETDL and the Component TestLaboratory at GEND provided software for
automatic data retrieval and analysis.

TECHNOLOGYTRANSFER

Information

GEND and DOE have declaredtheir intentionto supportany effortby industryto establisha
facilityto produceTMXO resonators. The ETDLhas sponsoredseveraltoursat GEND to
exhibitthe oquipmentand processesthatare inplace.

IDf.o.rmationto Potential TXMO Manufacturers

GEND, incooperationwith the ETDL, hasprovidedprocessand designdetailsto interested
parties. Partand processdrawings,vendorlists,and developmenthistorieshave been
provided,and are part of this report.

J
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RESULTS

FINAL DESIGN

The TMXO resonator design resulting from this development effort are given by GEND Part
Nos, in Tri31e2, These part differ only In frequency, processing is otherwise identical, The
design of the resonator family Is detailed in supporting documents Included in Appendix E of
this report. Figure 13 shows a photograph of the crystal, and Figures 14, 15, and 16 shows
photographs of its component parts,

The resonator shown in Figure 13 Is a lO-MHz, third overtone SC-cut crystal packaged In an
octagonal ceramic flatpack on a four-point mount, Gold Is the electrode material, and the
package is evacuated for final seal, As much as possible, ali crystal finishing work Is
performed In laminar-flow, HEPA-flltered air or In ultraclean or evacuated equipment,

Table2. TMXO Resonator Design Results

MHz Operating Mode Crystal Cut Drawing Nos,

5,115 Third overtone AT 46C927098

5,115 Fundamental SC 46C924975

10.00 Third Overtone AT 46C927102

10.00 Third Overtone SC 46C927106

10,23 Third Overtone SC 46C927110

. :_:::i:!.!:i:!i!iiii_i_,iii'.:,"," ".:_.'.:_!iii._!ii.i.i:i::::.!_:!i:i_ i:!:_:_i:.:iiii!!_:iiii..ii.ii,!:i!!!!ii!i!iiiii!;i_f,..:_:!!ii;_:..:=:.......:._
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Sealed Unit Without Cover

Note', Partsare equlvaJentto two times the size of parts shown In Figure 1.

Figure 13. Photograph of TXMO Resonator
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Raw Cover Met_lllzed Gold Plated Gold Cover Gasket
Cover Cover Gasket Assembly

Figure 14, Photograph of TXMO Resonator Component Parts, Step 1
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Raw Frame Met_llzed Gold =lated Frame Clip Contaoted
With Metalllzed Frame Frame Assembly Blank
Feedthroughs

Figure 15, Photograph of TXMO Resonator Component Parts, Step 2

,,i , ,

iiiiiiiii.:. ,,_iii!il_,_
i',:: . ::"::__':_

Frame Blank Frame Blank Sealed-
Assembly Eleetrode Package

Figure 16, Photograph of TXMO Resonator Component Parts, Step 3
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FINALTEST RESULTS

LABCOMperformed most of the resonatortesting at Fort Monmouth, New Jersey, Detailed
analysisof resonatoraging Isgiven In AppendixF whichwas providedby Dr, R, L, Filler,U, S,
Army,LABCOM,

CONCLUSIONS

DEMONSTRATED TECHNICAL CAPABILITY

The deep-etched blank design Is feasible and practical, lt can be manufactured In quantity
with reasonableyield, and its performance Is readily predictable,

The ceramicflatpack isa verystrongpackage with excellenthermetlclty, Thefour-point mount
supportsthe crystalto reasonableshocklevelsand does not perturb the resone,tor's natural
frequency-temperaturebehavior, The package can be sealedwith excellentyields,

The high-temperature, hlgh-vacuum processingdevelopeofor the TMXO resonator,including
bondingthe plezold to ttsmountwithconductive polyimldeadhesive, Is consistentwith
precisionresonatorfabrication,

TECHNICAL PROBLEMS

MoUQL

Shock survivabilityof this design Isgreatly degraded from that ofthe Phase II destgn, This is
due to the more massive(30times or more) quartzelement, Alifailureswere the resultof
adhesivefailure, Improvementof the polyimldebonding processts needed inorder to
endorsethe currentdesign for use with more massiveblankssuchas those used In the 5-MHz
third overtoneflatpackcrystalunit, An inorganicbondtng agentto secure the ptezold to Its
mountis desirable,

ProblemsIntesting TMXO resonatorsare typicalof those Intestingprecisionresonatorsof any
kind. Testoscillatorswith sufficientflexibilityto be applledto a varietyof productsremain
generallyunavailableor extremelyexpensive, Isolationof the unitunder test from other
sourcesof noise also remainsa problemfor short-term stabilitymeasurementson multiple
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oscillators,There are no testing or measurementproblemspeculiarto the TMXO rescnator,
exceptfor the problemof makingelectricalconnectionto a non-standard package,

i

RECOMMENDATIONS

MOUNT

Develop a strongerpolylmlde bonding process than that testedto date or substituteanother
bonding method,

PACKAGE

Develop a simpler package design which providesa way to hold the parts during processing
(e,g,, frame and cov_r,_with snap-off tabs for handlingand operation-to-operation
registration),

RESONATOR BLANK

Includeself-locating and self-holding featuresIn the mount for the resonatorblankand In the
package forthe covers,

Developmetal coversto replace the ceramicones, Thiscould save about 1.5 mm In overall
package thickness, ltwould also eliminatethe needto metalllzethe cover(s)for some
applications,

!

CLEANING

Continueto investigatethe dependenceof resonatorperformanceon finalcleaningmethods,
ali-vacuum processing,nozzle-beam sourceelectrodlng,polyimide bonding,and high
temperature processing,

BONDING

Develop a sealing process that Is less sensitivethan the gold-to-gold diffuslonbond used in
the currentTMXO resonatc_design, This wouldencouragemore wide spreadadoption of the
design.
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i

_'_'_1 DIEPARTMENT OF _'14£ ARMY

t:_L ,_:_,_ ,_ FoN'r MONMOUTH. ME_/ JF.JIISiI[Y o'r}'oa

DRLET-_ 8 AuSust 1979

Spec_l Prostate D£visiou
Department o£ Energy
1'. O. _ 54OO
Albuquerque, 1_4 87115

Dear Xr. Nowl.tn:

The U.S. Azlr7 Electronics Technolo_ and Dev£cee Laboretot7 requests
Deperment of Energy assistance, in accordance v£th the US Ar_/DOE
l_norandun of Underntar ",ins No, AT(29-2)-2138, _ch developin8 Mnu-
lecturing mothods and technolog2 (}_&T) for Proeesstn$ FLtsh Stebtl£cy
quartz Crystal _£ts. The Statement of Work in inclosed,

Th£s protean fs £ntended to be a continuation (?haas l_ll) of an onso_nz
(Phase II) _4&T prosram at _ND, Project Order Pa. 78-1_TDL--H_--01. _e
env_s£ou that. the bulk o£ _,_e III v£11 be performed subsequent to the
conq)letiou of Phue ZI. Co_?let£ou of P'nue ZZI by 30 July 1981
requostod.

_

The Anr_ intends to continue to seek commerc_L1 suppliers for the pco-
ductiOQ of quartz crystals required by future _ systems. A coux_tmant
4s requested from DOE that, gham such a supplier _ found, DOK_r111 =
provide, throush GEND, consulC_nK and 8dppo_C sez'v_ee Untt_ the transfer
of the maaufactur£n8 capab4_cy and technology £s coopZeted.

As v_ _Quld z£t_t to place th_ order prl_r to the end of Fr-79, _ould
you _ndly provide us wlch your cost estimate and ecop_ of york prior
to 12 Sep 79. A copy of th_s request _ be_ng seat to PAO and _ to
help expedite matters. A copy of the preltu£nary specifications had
been provided to (;;ENDseveral reeks ago.

1 Incl V.O. stor
i Btcroveve & SISu_I Process Devices

D£_s_oa

CT:
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6 AuSust 197_

8.,.tit•sent of Wo,rk

_}i___y,for. ,Processtnx Htih Stab£11_y _ar.ts C_7stal Units

I. Expand the eapabUit£es of the pL1Lot production 1/na being
mt_blished under project order No. 78-ETD_Hq-01 to perult rJ_a fab-
r/eatLon and testing of quartz cryst_lL un_ts tltu_ mt the epec_ftcat£on8
emt_Lcled mC•re--Lc Flatpack Encloeed Quarts Crystal 0sits _or Tactical
]M_Lsture CrystAl 08c_L_Lstot AuemblLes_j dated 6 _ 79. (_el. 1)

2. lhrlor to the coupler.ten of Phase ZZ. develop • plan ahned at
rodue_ the cost of both the h£8h shock and 5MXOerysl_a18 to beZow
_J65 (£n 1ff-79 dolJAre) in qmmtlttes of 25,000 per 7ssr. Establ:J_h£nj
_re.Lal sources for chenlcally pol/shed cryst8_ b_sn_ and natslltzed
aerczLe flstpae.ks (vlth fornml cJ_ps), and the autoust_on and s_npl£-
f:icatton of the various processes shall be saas the major factors con-
Ii:Ld•red _n rh/8 plan. Y_plemmt those aspects of the p_Lin whleh vou_
be cost e_fe_t£ve for • pto4u_t*on tun of 5,000 .umtr_. Rmrlse the plan
at _ oace every three uonths durins Phase I_Z. Include the
plan in the Ftaa_ it_port of Fhase ZZZ.

3. I_lLuatv potent_a_ substttutu for the Ablebond 71-1 poZy£n£de
adhes£ve vll_h the 8oaZ of qualt"f_ln8 st least one bondln8 process for
rep18ct:_ the 71-1 (bh/:h _ ma_u_acturez J_ dlscoutlnu£ne).

4. Del£versbl_:

A. 8oft3mrt:

1. Mo_r.h_y COSt mid performax_@ report8 (3 COp:LOll)

2, _ report: (100 copiu)

$, Dr_ set, /nc_ud/-_8 • descrlpt_o_ of a_ processes,
us_erta_, pa:_, fixtures, equipment and f•c_tttes required to fab-
rlcat_ and test the erysta/s. ((_anttttes, as required).

4. Op_ator h_truct_ons, de_£verablt Lf and vhm pLl_ot
L/na 4. trs_s_errtd to • c_re./_ source.

B. Ssrduar_:

1, 400 _q_rLn8 saples

_t. 80 coe_Lrantory senple8

3. 700 p_L_ot Line samples

4. AL1Lhard_re developed or purchased vith project _und_
m deliverable Lt_and vhen the pllot 1/he is transferred to • commrclal
8ou_t=•o
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"MILITARY SPECIFICATION"
CERAMIC FLATPACKENCLOSED QUARTZ CRYSTAL RESONATOR
FOR TACTICAL MINIATURE CRYSTAL OSCILLATOR ASSEMBLIES

1, SCOPE

1.1 Thisspecificationcoversthe d6_ailedrequirementsfor ceramicfiatpack enclosed
precisionquartz crystalresonators. Theseresonatorshave an AT-cut quartz vibrator
mountedin a ceramicflatpackenclosure,andare designed to operate under
controlledtemperatureconditions.

1.2 Type Designation 'The type desigation applies only to resonatorsmeeting ali
requirementsof the specification. The type designationshallbe CR - (XM - 161)/U -
I, and CR--(XM'161)/U -II as detailed in TableVI.

2. APPUCABLE DOCUMENTS

2.1 issuesof Documents- The following documents of the issuein effect on date of
invitation for bids or request for proposal, form a part of this specification to the extent
specified herein. (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.)

SPECIFICATIONS

Military

MIL-C-3098 - Crystal Units, Quartz

STANDARDS

Military .,

MIL-STD-105 - Sampling Proceduresand Tables for Inspection by Attributes

MIL-STD-202 - TestMethodsfor Electronic& ElectricalComponentParts.

MIL-STD-810 - EnvironmentalTestMethods

MIL-STD-883 - TestMethodsand Proceduresfor Microelectronics

2.2 Other Publications:The following0ocumentsform a part of thisspecificationto the
extentspecifiedherein. Unlessotherwiseindicatedthe issueeffecton date of
invitationforbids or requestfor proposalshallapply.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC)

IEC-302 - StandardDefinitionsand Methodsof Measurementfor Piezoelectric
VibratorsOperatingover the FrequencyRange up to 30 MHz.

IEC-121-1 - QuartzCrystalUnits for FrequencyControland Selection.

(Applicationfor copiesshouldbe addressedto AmericanNational StandardsInstitute,
1430 Broadway,NewYork,NY 10018).

NATIONAL BUREAU OF STANDARDS (NBS)

Monograph 140 - Time and Frequency,Theoryand Fundamentals

[Applicationforcopiesshouldbe addressedto Superintendentof Documents,US
GovernmentPrintingOffice,Washington,DC 20402. (Orderby SD Catalog No.
C13.44:140)].

NATIONAL TECHNICAL INFORMATION SERVICE

AD A011113 - Proceedingsof the 28th An'nualFrequencyControlSymposium

(Applicationforcopiesshouldbe sent to NationalTechnicalInformationService,Sills
Building,5825 PortRoyalRoad,Springfield,VA 22161).

2.3 Other specifications:

General ElectricCompany (GEND)
P.0. Box 11508
St. Petersburg,FL 33733

DrawingGE 46C 924937 and ali drawingsindicatedtherein.

The BendixCorporation
CommunicationsDivision
Baltimore,MD 21204

Drawing4046046 Resonator,Crystal, Quartz

USA ElectronicTechnologyand DevicesLaboratory
Microwaveand Signal ProcessDevicesDivision
ATTN: DELET-MF
Fort Monmouth, NJ 07703

Technicalguidelinesfor "Developmentof a TacticalMiniatureCrystal Oscillator," date
- 17 March 1978.
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3. REQUIREMENTS

3.1 Ma,tg_da_-Ali materials shall conform to the government approved product drawings
and materials shall be consistent with operating in, and maintenance of a vacuum of 1
x 10-6 torr.

3.2 Design and Construction - Ali fabrication processes and final configurations shall
conform to the applicable drawings detailed on the Flow Chart drawing, GE
46C924937. Ali process steps from pre-electroding cleaning through seal shall be
performed In a closed vacuum system. Details of availability of such a Quartz Crystal
Fabrication Facility (QXFF)can be obtained from the contracting officer,

3.3 MEk_- Marking is not required, but is preferred. Method used must be consistent
with para 3.1. In either case unit serialization, date of manufacture, and manufacturer
code shall be provided for each unit.

_ 3:4 ELe.QU_EE_- The frequency of resonance shall be as specified in TableVI, when
measured in series with a load capacitor as specified in TableVI at a drive current of

- 1.4 ma +_.0.1 ma. The temperature of measurement shall be the upper turning point
temperature as measured by the method specified In paragraph 3.12.

3.5 EquivalentSeries Resistance- The maximum allowable equivalent series resistance
- shall be as specified in l_,ble VI, at the upper turnover temperature.

3.6 Shunt Capacitance. - The total shunt capacitance (Co = Celectrode + Cholde: ) shall be
9 as specified in TableVI,

3.7 Motional Capacitance The motionai capacitance, 01, shall be as specified in
- TableVI.

3.8 Bond Strength- When tested as specified in 4.5.7 there shall be no severing of the
ribbon lead, detachment of the bond, or separation of the metallizatlon.

3.9 _,Stto_G_-The frequency change due to the effects of shocks received as a result of
rough handling, transportation, and military operations shall be less than 1 x 10-9,
The equivalent series resistance shall not change by more than 10% nor exceed the
value sp,._cifiedin para 3.5.

3.10 Vibration - When subjected to the vibration levels specified, the output of the
resonator shall not contain modulation sidebands corresponding to frequency

- deviations exceeding 1 x 10-9 times the peak acceleration levels.

3.11 Thermal Time Constant - The thermal time constant of the resonator assemble shall
_- be TBD secs maximum.

_'_ 3,12 TemperatureRun - The upper turnover temperature shall be 90°C +_5°C. The
_ frequency vs temperature characteristic shall be free of coupled modes.

3.13 Thermal Frequency Repeatability.- The frequency of the resonator shall not change
- by more than 3 x 10-9, after five cycles of warm up from -40°C to the upper turning
: point temperature (See Figure 1) Ful - Fu5 = 3 x 10 "'9,

-
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3.14 UnwantedModes - Unwanted modes shall have a resistancewhich exceeds twice the
valuespecifiedin para 3.5,

3,15 ThermalShock - When subjectedto rapid changes intemperature, no partof the
resonatorshallcrack, chip or break.

3.16 Solderabiltty- The mountingsurfacesof each resonatorshallbe tested as specified in
4.5.15, exceptSn62 solder,in accordancewith QQ, 5-571, shallbe used In lieu of
Sn60 and the Immersedmetalllzed surfaceshallbe 95 percentcoveredwith a smooth
soldercoating, The remaining5 percentof the surface may containsmallpinholesor
rough spots;however,these shall n(,,tbe concentratedin one area,

3.17 Resistanceto SoJderingHeat - Whe¢_testedas specifiedin 4,5,16, resonatorsshall
meet the followingrequirements:

• VisualExamination- There shallbe no evidenceof mechanical
damage or delamination.

• _ - The frequency shallnot be changed morethan TBD nor
exceed the limit specifiedin 3.4.

• _ - The equivalentseriesresistanceshall not changeby
morethan 1 ohm norexceed thevalue specifiedin 3,5.

• ShuntCaoacitance - The shuntcapacitanceshallnot changeby
morethan 0.1 pF norexceed the limitspecifiedin 3,6.

3.18 Seal - The leakage rate of the resonatorenclosure shallnot exceed 10-lo atm -
cc/sec.

3.19 _.%3jt._.cLi;_- When subjectedto a saltsprayatmosphere,there shallbe no evidence
of excessivecorrosion. Corrosionthat causes impairmentof the electricalor

" mechanical performanceof the resonatorshall be consideredexcessive,

3,20 MoistureResistance- After subjectionto temperaturesof up to 65°C and a relative
humidityof up to 100% for 10 days,the frequency of the resonatorshallbe as
specified in 3.4, The insulationresistance,terminal to terminal shall not be less than
500 Meg ohm.

, 3.21 AcceleratedAging - Afterbeing conditionedat 120°C for 168 hours (7 days) and then
allowedto stabilizeat roomtemperature,the differencein frequency betweenthe
measurementmode immediatelypriorto and immediatelyafter conditioningshall not
exceed 5 x 10-7. The equivalent seriesresistanceshall not exceed the maximum
specifiedinTableVI.

3.22 ReducedLevelOfDrive - The differenceinthe equivalentseriesresistancewhen
measuredat the two specified levelsof driveshall be lessthan 25% and the absolute
valuosof the equivalentseriesresistancesshall not exceed 10 ohms. The
measurementmust always be made subsequentto the acceleratedagingtest and
onlyafter the resonatorhas been undrivenfor 168 hours,

3.23 ShortTermStability_-The RMS frequency deviationshall not exceed 1 x 10-11for
averagingtimesranging from 1 secondto 20 minutes.



3,24 Reliability.(Aging),- The aging rate shall be less than 2 x 10-1° per week after 30 days
at the upper turnover temperature,

3,25 Resistance to ionizing Radiation: When subjected to the radiation environment
specified, the steady state frequency offset shall be less than 5 x 10-9, The equivalent
series resistance shall not change by more than 10% and shall not exceed the value
specified in paragraph 3.5,

4, QUALITY ASSURANCE PROVISIONS

4,1 Ee,,_.IZO.D,,_[Iityfor Inspectior_- Unless otherwise specified in the contract, the
contractor is responsible for the performance of ali Inspection requirements as
specified herein, Except as otherwise specified in the contract, the contractor may
use his ownor any other facilities suitable for the performance of the Inspection
requirements specified herein, unless disapprovPd by the government, The
government reserves the right to perform any of thu Inspections set forth in the
specification where such inspections are deemed necessary to assure that supplies
and services conform to prescribed requirements,

4,1,1 Test Equipment and Inspection Facilities.-Test and measuring equipment of
sufficient accuracy, quality and quantity to permit performance of the required
inspection shall be established and maintained by the supplier,

4.2 Classification of In,_4zegI[DDS.-The inspection requirements specified herein are
classified as follows:

1, Confirmatory sample inspection (does not include preparation for
delivery) (see 3,4), to be performed only at initial start-LApof
production,

2. Quality conformance inspection (see 3,5),

4,3 Inspection Conditions - Unless otherwise specified herein, ali Inspections shall be
performed in accordance with the test conditions specified in the "General
Requirements" of MIL-STD-202.

t_

4,4 Confirmatory.S6m,O._- Unless otherwise specified in the contract, the confirmatory
sample inspection shall be performed by the contractor.

4,4,1 Confirmatory.Samples - The contractor shall furnish the number of crystal
resonators as specified in the government approved test plan,

4,4,2 Confirmatory.Sample Inspection - The confirmatory sample inspection shall
consist of Table ! and ali other tests included in the government approved test
plan (see 4,1,2) to show compliance with Section 3, No failures shall be
permitted inTable I. The tests in Table I are to be performed in the order
shown,
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4,5 .Quall_ ConformanceInspection- Quality conformance Inspection shall consist of
tests specified In Table II, III, IV,and paragraph 3,23 in the order shown,

4,5,1 Inspectionof productfor Delivery.- Inspection of product lc- delivery shall
consist of tests specified under 100% Inspection and Group A Inspection
(TableII and Table III),

4.5,1,1 InsDection Lot - An inspection lot shall consists of ali crystal
resonators of the same type and frequency produced under
essentially the same conditions, and offered for Inspection at one
time,

4.5,1,2 100% Inspection- 100% inspection shall consist of Table II,
Rejection Ison a unit by unit basis. Ali delivered Items must pass ali
tests in Table I1, Ali data will be supplied wtth delivered Items,

4.5.1.3 Group A Inspection- Group A inspection shall consist of Table II1,
The Inspection shall be made with the same or separate samples for
subgroups 1 and 2.

4,5,1,3,1 SamplingPlan - Statistical sampling and Inspection for
Group A Inspection shall be tn accordance with
MIL-STD-105 for general inspection level I1, The
acceptable quality level (AQI.,.)shall be 1.0,

Lot Size: 0-150 151-500 501-1200 1201-3200

Sample/Results
Allowed' 13/0 50/1 80/2 125/3

4.5,1.3.2 Rejected Lots - If an Inspection lot is rejected, the supplier
may rework lt to correct the defects, or screen out the
defective units, and resubmit for retnspection,
Resubmitted lots shall be inspected uslng tightened
inspectlon. Such lots shall be separate from new lot and
shall be clearly identified as retnspected lots.
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Table I, Confirmatory Sample In0pectlon

Requirement Test Method
Inspection _ Paragraph Paragraph

Frequency 3,4 4,6,3
Resistance 3,5 4,6.4
Shunt Capacitance 3,6 4,6,5
Motlonal Capacitance 3,7 4,6,6
Shock 3,9 4,6,8
Vibration 3,10 4,6,9
Thermal Time Constant 3,11 4,6,10

Temperature Run 3.12 4,6,11
Thermal Frequency Repeat 3,13 4.6,12
Unwanted Modgs 3,14 4,6,13
Thermal Shock 3,15 4,6,14
Solderability 3,16 4,6,15
Resistance to Soldering 3,17 4,6,16
Heat

Seal 3.18 4 6.17
Salt Spray 3,19 4,6.18
Moisture Resistance 3.20 4,6,19
Accelerated Aging 3,21 4,6,20
Reduced Level of Drive 3,22 4,6,21
Short Term Stability 3,23 4.6,22
Aging 3.24 4,6.23
Bond Strength 3,8 4,6,7
Resistance to Ionizing 3,25 4,6,24
Radiation

Table II. 100% Inspection

Requirements Test Method
Insoectlon p_l'agraph paragraph

Frequency 3,4 4,6.3
Resistance 3,5 4,6.4
Shunt Capacitance 3,6 4,6.5
Motional Capacitance 3,7 4,6,6
"TemperatureRun 3.12 4,6,11
Seal (Leakage) 3.18 4,6.17
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4,5,1,3,3 Disposition_ofSample Units - Sample units which have
passed aliGroup A Inspectionmay be delivered, If the lot
Is accepted andthe sampleunitsare stillwtthlnspecified
tolerances,

4,5,2 QualificationVerificationInspection- QualificationverificationInspection
shall consistof Group B (TableIV), Exceptwherethe resultsof these
Inspectionsshow noncompliancewith the applicable requirements,delivery
of productswhich havepassedGroup A shall not be delayed pending the
resultsof thesequalificationverification Inspections,

4,5,2,1 Grouo B inspection- Group B inspectionshallconsist ofTable IV,
Group B Inspectionshallbe made on sample unitswhichhave
passed GroupA Inspection,

4,5,2.1,1 SamplingPlan- Statisticalsamplingand Inspectionshall
be Inaccordancewith MIL-STD-105 for special
InspectionlevelS-4, The lotor batch can conststof
severalInspection lotsfor GroupA Inspection,The
acceptablequalitylevel shallbe 1,0,

LotSize: 0 - 1200 1201,150,000
Sample/ResetsAllowed: 13/0 80/1

4,5,2.1,2 Dispositionof Samole Units - Sample units which have
beensubjectedto Group B Inspectionshallnot _e
deliveredon the contract or purchaseorder.

4,5,2.1,3 J_I.o_EgJ33._ - If a sample lot falls to pass Group B
Inspection,the suppliershalltake correctiveaction on the
materialsor processes,or both, as warranted,and on ali
urdtsof productwhich can be correctedandwhichwere
manufacturedunderessentiallythe same conditions, with
essentiallythe same materials,processes,etc,, and which
are considered subject to the same failure, Deliveryof the
product shallbe discontinueduntilcorrectiveaction has
been taken, Group B Inspectionshallbe repeatedon
additionalsampleunits (ali Inspectionsor the Inspection
whichthe originalsample failed, at the optionof the
government),GroupA Inspectionmay be reinstituted;
however,final acceptance shallbe withhelduntilthe
Group B retnspectlonhas shownthat the correctiveaction
was successful, Ali failuresof Group B inspectionshall be
reported immediatelyto the government.

B-'l 0



TableIII- GroupA Inspection

Requirement TestMethod
Insoectlon paragraph paragraph __

Subgroup I
ThermalTlme Constant 3,1 ", 4,6,10
Thermal FrequencyRepeat 3,13 4,6,12
Unwanted Modes 3,'14 4,6,13
Short Term Stability 3.23 4,6,22

Subgroup II
AcceleratedAging 3,21 4,6.20
Reduced Levelof Drive 3,22 4.,6,21

4,5,3 Beli_hllltyInspection - Reliability Inspection shall consist of Aging Test(see
3,24),

4,5,3,1 SamollnaPlan - Ali resonatorswhich have successfullycompleted
Groups #,and B Inspectionshall be IncludedIn this test, A lot fur
reliabilitycan Includeseverallotsfor Group B, When subjectedto
the reliabilitytestcyclespecified,the failurerate shall not exceed
1%/1000 hoursat a 60% confidence level (i,e., equivalentto 1
failurefor 200 units over a 1000 hour period of testing),

4,6 Me_thodsof Examinationand Test

4,6,1 TestEaulornent-.Ali tests shallbe performedon governmentapprovedtest
equipmentusinga governmentapprovedtestplan,

4.6.1.1 _ - The contractorpreparedtest plan,as cited In the order,
shallcontain:

, a, Time schedule and sequenceof examinationsand tests,

b, A descriptionof the method of test and procedures.

c, Programsof any automatictests Includingflow chartsand
block diagram,

d, Identificationand brief descriptionsof each Inspection
; Instrumentwith calibration procedures and Intervals,

B-11



Table iV - Group B Inspection
i

Requirement Test Method
Inspection . Paragraph Paragraph

Shock 3,9 4,6.8
Vibration 3,10 4,8,9
Thermal Shock 3,5 4,6,14
Solderablltty 3,16 4,6,15
Resistanceto Soldering 3,17 4,6,16

Heat
BondStrength 3,8 4,6,7
Resistanceto Ionizing 3,25 4,6,24

Radiation

TableV - Reliability Inspection

Requirement TestMethod
l,nspectlon .Paragraph paragraph

Aging 3,24 4,6,23
, , i,
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4,8,2

4, 8,2,1 _ - Unless otherwl,s':!__;_peclfledherein, ali Inspections shall he
performed In accordancewith the test conditionsspecified Inthe
"GENERALREQUIREMENTS"of MIL-STD-202,

4,6,2,2 GroundConnection- Alimeasurementsof frequencyshallbe made
with the metalllzed surfaces of the enclosureelectricallyconnected
to ground, Non-metatllzed ceramic enclosuresshallhave metal
platesattachedto the me.jorsurfacesof the enclosuresand
electricallygrounded,

4,6,2,3 MeasurementBeforeandAftera Test - When frequencyand
equivalentresistancearemeasured beforeand after a test to
determine changeduringa test, both measurementsshallbe be at
series resonancewith the resonatorin thermalequilibriumat the
same temperature ± 1°C, at the same drivecurrent± 0,1 ma, and
withthe same lead configurationand length ± 2,0 mm,

4,6,2,4 Mountingfor Testing- When specifiedin the testprocedure,the
resonatorsshall be mounted on a suitable substrate, The substrate
matertalshallbe suchthat lt shall not be the causeof, nor contribute
to, the failureof anytest for which tt may be used, The resonators
shall be mounted on the substrateas follows:

a, A substrateshallbe either metal or prepared with metalltzing
of sufficientarea to permit mountingof theresonators,

b, Solderpaste, type R or RMA In accordancewith QQ-S-571
st_allbe appliedto each surface of each resonator.

c, Tlheresonatorshallbe placed betweentwo substratesso as_

tc)make contact with each metalllzed area, proper flxturing
Shall be employed to provide the proper pressure,

d. The assembly shall then be placed in or on a suitable heat
transfer unit (hot plate, tunnel c_ven,etc,) so that both
substrates are heated uniformly with the temperature
rnalntalned at 260° ± 50°C for two minutes or until the
,_oldermelts and reflows forming a homogeneous solder
bond,

4.6.3 _ - The frequency shall be measured with a load capacitance as
specified in TablteVt at a drive current of 1,4 ma ± 0,1 ma at the upper
turnover temperature ± 0,1 °C.

4,6,4 EaulvalentSerletsResistance- The equivalent series resistance shall be
measured without a load capacitor at a drive current of 1.4ma ± 0,1 ma at
the upper turnover temperature ± 0,1 °C,
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4,6,5 Shunt Capacitance - The shunt capacitance shall be measured from contact
area to contact area at a frequency which is lower than the fundamental
frequency of the resonator and at which the resonator shows no oscillation
response, Alternatively the shunt capacitance may be calculated from the
equation In paragraph 4,6,8,

4,6,6 Motional Capacitance - The motlonal capacitance shall be measured by a
method specified In the government approved test plan,

C1 is defined as ' C1 = 2AFn (Co+ Cl..n) = 2ACL A fl _ f2

Fo=F o-
FLn = Frequency with load capacitor, CLn

Fs = Series resonant frequency

Co = Shunt capacitance

CL = Load capacitance nn

f=fL1 -FL2

A CL .
= CL2 CL1

4,6,7 Bond Strength - Bond strength shall be measured by method 2011,2, of
MIL-STD-883 using test condition A, Bond-peel, Minimum bondstrength is
TBD gms,

4,6,8 _ - The test will be performed In accordance with kilL-STD-202,
method 213, condltlon G, The frequency and equivalent series resistance
shall be measured before and after the test at series resonance,
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4.6.9 _- The resonator will be vibrated in accordance with MIL-STD-810,
method 514.2, condition M. The resonator will be operating during the test.
The amplitude of the modulation sideband at the frequency of instantaneous
vibration shall be monitored.

; SSB = Sideband level g(' fs Kg _)Carrier level (db) 20 Io 2
\ /

2fv
x 10 SSB/20

K = vlb. sensitivity = fsg

fs = resonant frequency - 5.1 x 106 Hz
=

g = acceleration level in g's

fv = vibration frequency
K = acceleration sensitivity in parts/g.

K (ppm/g) = (0.39) N_ 10 (SSB/20)
g

4.6.10 Thermal TimeConstant - The resonator, at room ambient temperature (24°C
+_2°C) shall be immersed in a suitable liquid bath, held at 80°C +_1°C.
The frequency shall be recorded every 0.1 sec. The time required for the
frequency to change by 65% of its ultimate excursion shall be recorded as
the thermal time constant.

4.6.11 _r_atureRun - The temperature run shali be performed at a drive current
not to exceed 2.0 ma. The resonator shall be run with a load capacitance as

specified in TableVI. The temperature of the resonator shall be varied so as
to traverse the temperature range of 30 °C tu 115°C. The rate of change of
temperature will not exceed 0.1 °C/minute. Measurement of frequency,
equivalent resistance, and temperature shall be recorded continuously or at

" intervalsof not over 0.01°C. The upper turnovertemperature shall be
ascertainedto a toleranceof O.1°C. Freedom from coupled modes shallbe

definedby the frequencyvs. temperaturecharacteristicnot havingdeviations
. from a cubic equation which are larger than 1 ppm. The resistance vs.
,. temperaturecharacteristicshall not have deviations from a straight line which

are largerthan 1 ohm. The maximumrate of changeof resistancewith
temperatureshallbe 1.0 ohm per 10° C.

4.6.12 Thermal-FrequencyRepeatability,-The crystalresonatorshallbe subjected
to the temperaturecycleof Figure1, Thermalequilibriumshallbe achieved
at each upper turningpoint segmentof the cycle. The maximum rate of
changeof temperatureshallbe lO°C/minute.

J

B-15
J



4.6.13 UnwantedModes - Unwantedmodes shall be measured on a government
approvedtestcircuitof the bridgeor Pi type. Thetest shallbe performed at
roomambienttemperature. A frequency rangeof 10% of the nominal
frequency shallbe swept.

4.6.14 Thermal Shock- The crystalresonatorsshall betested for resistanceto
thermal shock by being immersedin boilingwater for at least 15 seconds
and immediatelythereafterbeing immersed in icewater for at least 15
seconds. The volumeof water shallbe large enoughso that itstemperature
will not be appreciable affected when the sample resonatorsare introduced.

' Aftercompletionof the rest the resonatorsshallbe examined for cracks, clips
or breaks.

4.6.15 =,°d_.clj_,.8_JJjty.-Resonatorsshall be tested inaccordancewithmethod 208 of
MIL-STD-202. The followingdetailsand exceptionsshallapply:

a. Each mountingsurface shallbe immersed to a depth of 0.020 inch +
O.10 inch, - 0.000 inch.

b. Examinationof mountingsurface shallbe in accordancewith 3.16. In
case of despite,the percentcoverage withpinholesor rough spots
shall be determinedby actual measurementsof these areas, as
comparedto the total area of each surface.
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4.6.16 Resistance to Soldering Heat - Resonators shall be tested in accordance
with method 210 of MIL- STD-202, The following details shall apply:

a. Resonators shall be mounted as specified in 4.1.3,

b. Test condition B.

c. Examination and measurement aftertest - resonators shall meet the

requirements of 3.17.

4.6.17 Seal - The sealed resonators shall be tested for hermeticity according to
MIL-STD-202, method 112, test condition C, procedure IIIb. Upon
completion of this procedure, the specimen shall be checked for gross leaks
in the method specified in the government approved test plan.

4.6.18 _- MIL-STD-202E, method 101, test condition B.

4,6.19 Moisture Resistance - Crystal resonators shall be tested in accordance with
method 106 of MIL-STD-202. The following details and exceptions shall
apply:

a. Mounting - as specified in 4,1.3,

b. Initial measurements - frequency and equivalent series resistance,

c. Silbcycle - step 7B, the vibration subcycle, shall be omitted.

d. Polarization and loading voltage - not applica_ble.

e. Final measurement - After the drying period, frequency, equivalent
resistance, and insulation resis.tanceshall be measured, Insulation
resistance shall be measured in accordance with method 302 of
MIL-STD-202, using a test potential of 50 to 55 volts: Tr,is
measurement shall be made from terminal pad to terminal pad,

4.6.20 Accelerated Aeine - Resonators shall be measured at seres resonance forv v

frequency and equivalent resistance. The resonators shall then be
conditioned at 120°C for 168 hours. The resonators shall then be allowed to

stabilize at the same temperature as the Initial measurement (+_1°C), The
units shall be measured again for frequency and resistance.

4.6.21 Reduced Level of.Ddy_ - The measurement must follow the accelerated, .

aging test and after the resonator has been undriven for 168 hours. The
initial measurement following accelerated aging is preferred. The
measurement shall be performed by inserting a 10 ohm resistor into the test
set and adjusting the dissipated power to 20 microwatts (1.4 ma __.O.1 ma),
The power is then attenuated by 60dB. The resonator is substituted for the
1(_ohm resistor and the equivalent series resistance is recorded. The 60dB
of attenuation is removed and the equivalent series resistance is recorded
again.
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4,6,22 Short Term Stability - The short term stability will be the Allen variance as
defined in Time and Frequency: Theory and Fundamentals, NSB Monograph
140, page 157, eq 8.13a,

M-1

(Allen Variance)2 = Oy2(̀1.)= 1 :_ (.vk _.Vk)2
2(M-1) k=l +1 .

where 'r = average time

"Yk = Fractional frequency fluctuations

q)(tK+ 1.)- q) (tK)
Yk =

21.rfo 1.

M = Numbers of samples - 256 suggested

tk+ 1 = t k + I"

Suggested methods of measurement' Time and Frequency, NBS
Monograph 140, (1974); Proc, 6th Annual PTTI, page 109; 28th Annual
Symposium on Frequency Control, page 177 (1974),

4,6,23 Reliability(Aging) - Resonatorswill be stored in an oven maintained at the
upper turnover temperature _+O.1°C stable to at least 0,01°C, The oven
shall be constructed with suitable electrical connectors so each resonator
can be oscillated and measured to the required accuracy. The oven shall be
stabilized for 7 days. The resonators shall be maintained at the upper
turnover temperature for an additional 23 days, The frequency of each
resonator shall be measured a minimum of twice weekly with two to four
days separation between measurements, more frequency measurements are
encouraged. The data shall be fit to the equation _ = K1 + K21n(T) by

f

method of least squares, where T is the number of days the resonator has
been continuously on aging, The regression coefficient, r,

r = TBD

shall be greater than ,8 after correction for temperature fluctuations if
necessary, The aging rate per day at day D is K2/D. Units showing an aging
rate of 2 x 10-1°/week or more (7 * K2/30) after 30 days or units with an
erratic behavior as evidenced by a regression coefficient greater than ,8 shall
be classified as failures. Units which showed an equivalent series resistance
of greater than the maximum specified in Table VI at the end of the aging
cycle shall be classified as failures.
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4,6,24 Resistance to Ionizing Radiation - The resonators shall be exposed to the
radiation environments specified for Army tactlcat equlpments, (These
environments shall be speclfled later.) The frequency and series reslstan,ce
shall be measured before and after the test, at series resonance, Thls test
shall always follow aging,

5. PACKAGING

5,1 Preservation-Packaging- Crystalresonatorsshall be clean, dry and packaged in a
manner that will afford adequate protection against corrosion, deterioration and
physical damage during shipment and storage.

5.2 MarJdJ3g- Individual containers shall be marked as specified in contract,

5.3 Data Supplied - Unit serialization, date of manufacturer, manufacturing code and ali
date from 100% inspection shall be supplied, In addition, any data specified in the
contract shall be supplied,

6. NOTES

6.1 Intended Use - Crystal resonators produced under this specification are intended for
use in TacticalMiniature Crystal Oscillator Assemblies (TMXO), and are intended to
meet the requirements as stated in Bendix drawing 4046046 and ET&DL Technical
Requirement "Development of a Tactical Miniature Crystal Oscillator," date - 17March
1978. Thermal control of the resonator enclosure is obtained through its common
surface with the oscillator microcircuit,

6.20rdedng Information- Procurement documents should specify the following'

a. Title, number and date of this specification.

b. If a procurement contract permits the addition, omission, relaxation, or
modification of any requirement(s) of this specification, the type designation
(see 1.2) is not to be used to Identify the crystal resonator.

c. Any marking required on crystal resonator,

d. Special packaging including package marking required.

6.3 _.EfJ£tJ.tJOZ_- Definitions conform to IEC-122-1, IEC-302, and MIL-C-3098, with
"Quartz Crystal Resonator" being equivalent to "Crystal Unit".
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TableVI,

Requirement CR (XM-161)/U CR.-(XM-161)U TestMethod
Reaulrement Paragraph I I paragraph ___

Frequency 3,4 5,115,000 Hz :t: 10,000,000 Hz _ 4,6,3
25 Hz with a 150 Hz with a
(100 ± 1) pF (30 _ 0,5) pF

. load capacitor load capacitor

Equivalent Series 3.5 10 ohms max 20 ohms max 4,6,4
Resistance

Shunt Capacitance 3,6 (5,0 ± 0.5)pF (4.5 ± 0,5)pF 4.6,5

Motional 3.7 (1200 ± 1,2)fF (1.10 ± 0.20)ffs 4,6,6
Capacitance

Mode of Operation Fundamental Third Overtone
, ,,,,,_1

_--2!



APPENDIX C
i

PHASE I1!COST ESTIMATE

C-1



Mr. J. E. Grayson, Chief
Ope:scions I_ranch - DOE/?_

Subject: EItADCOH ?hue ZZZ Esc_ce of Cost

L

On l'_y 23, 1980. • cost est:Lenses for the EItADCOHPhase XZZ ProeTam vu
sub_1".ted to PAO to be forvarded to DOD t:hrough A],O. The attached
document is an update of that ,_. t:LmeCe as a result of schedule chanse8
end same scope of york uodif:LcaTiona,

A cecal of $860,875 has bean received fro= ZR._COH 1:o be used for
Phase III. To data, $68,442 of these funds have been e.xp_dsd'Lo
support ot Phase IIZ as s result of pr_or authorizations.

The cost eulmary shows additional funds of $464.099 required to co_plete
Phase IIZ. Zt :Le ]_ADCOH's 1scent to p_vide an order felt $3_5,000 cn

Chs very near f.C.rs. The _aZemca of chi required fundan8 in then
axpec,-ed to be available Cn tarly F_ 82.

A sur=sty of this cost estL_ati and schedule vera presen¢ed c: E]_COH
durin8 our visit co Fort Homaouth on June 9 i 10.

The above cost _st:L_ate ii submitted in accordance _-lth tez_J and
conditiOnS of contract'DE-AC04-76DP00656,

R.P. O_Lmecte, Specialist T.E. Wd!pHir
Contrac¢ AducLnistration Project 14ansser

TEa:sre

ct: D,H. Ahmann D. _rcum

B.E. BeL_ap B.A. l_,rer
E.J. Cronin H._. Osborn

R.A. Fleming R.L. Paterson
A.B. Ra=mac D.L. Pilint
A.I_. ICenly P,J. Sctrbo
L,D. Lavrencs T.H. Sno_dan
Y.J. Leonard _,D. _annmker

A PRIME CONTRACTORFORTHE uNrrED STATESDEPARTMENTOF ENERGY
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I_ST_A.TE 07 COST TO PI_G_I_ ]qIASI_ III

TACT'J:C_ N:INIATIJ]_ CI,_ST_ OSC:_TOl (21qXO) I_SOIqA2'O& :FltO_

Th_J elttJ_ats of cost ii sul_itted to identity ftmds Tequired to complete

an _&T CTpa progr_ for _1%0 resonators and def£ua _he scope of york.

nAm_m_o_

An estimate of cost and scope of york for Phase II1 vu subnit_l to _PADCON
(DOD) through P_/ALO (DOE) in Hay, 1980. Th_, docuzenC updates that
estimate al a result of schedule +.hJnlel and ems, scope of +ork modifications.

• o j=t,_
The ob_sctivs of the Phase ]al program is to expand the capabilities of the
pilot production else being established trader l_oJact Order Ns. 78-ETDL-HQ-01
(Phase l_). r.o fabricate and test S and 10 MHz THXO cx-ystal resonators. When

complete, chs pilot production facility trill provide s product capable of
being produced at s_e on-loinS rate. This ra_e v_ll bl detezl_nad based on
the demonstrated capability of chs processes during the ¢o_ftr_aCo_ and
pilot production bu£1ds. The cspaclt 7 yell be dscarmlned by _*ki_8 into
account actual process£nl times and devotee of the equipment involved. The
_aJ_ progr_ viii evaluate and define 8 product as produced from cba pilot
production facility from v_ich a fina_ized product spacing.catS.on can be
defined.

The currently defined prosru vi11 not result £n s stand-alone ERADCOM

production facillt?. To do this, sdd_tioual equipment _.ix_ur_nl, tooling,
etc., vould be required in s_a areas. A key piece of equipment i8 the
con_a©t evaporator. A DOE concec_ evaporator will be shared co support the
Phase Ill presto. No provisions"are bei_| made st GEh_Dto provide production
test equipment. Cost of transferring the _echnolosy to a co_xnarciel s_ppl_er

+ is not included in this estlmm_e of coat,

SCOPE OF WO_,

- Work required _o perform Phase _ll ham been broken dm:u i_to four activities.
T_ree of the activities pertain to readiness efforts required to perform
the fabrication and testing of the enginaarin$, confirmatory and pilot run
b_ilds. The fourth ecti_r_C> in the actual fabrication and _ast_n8 Of the
three builds. The engineering build _ll sCmr_ 104) units into the QXFF, the
confirmatory build _rlll start 150 units into the OZFF and the pilot run
build viii start llO0 unitl into the qZFF. For purposes of this estimate

+ the individual activities have been identified al A through D.

+ _
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Activity A - Engineering, Conf£r_tcory and P£1or. Run Build
- QX_F _dificaC_on

C - Test Equil_ent Hodiftcation
D - F£xCuriull/Tool_g/Galles

A scope of york _nd cost sunmary for each of the lct£v_t4es 4m £ncl_ded.

COSTS

The COSt o! co_rplsC£nS chs Phase IIZ order La uC£maced _o be $1,32_,g7_.
Funds ava£1eble Co _scs provided fro= ZPJ3_ sre $860,875, Thersfoz's,
sdd/t£o_al funding of $46;,099 _ reqoired to coaplete Chs Phase ZZZ effort
es defined in this set,Jests. A cost: estate sumnary _s gL_en _n F.zhtb_t 1.
Deta£X| of chs costs are $£ven _r_h uch activity sumury.

ASSUMPTIONS

The follo_ni ass_pt_ons and condic_o_s apply co th£s estLmsCe.

]. A m_n_mn o! 25 Cesr oscillator ovens _-_11 be available m_d=eec all
required |pecif4cat_on|,

2. F.RADCOH_r£11 provide f£xcures and sofcvsre for obe 2 "G" c/p-eve:
ecsc. No other v_b_sClon cesr v_Z1 he r_qutred.

3, Nuclear _urv±vab_l_ty test u_ll be performed by EI_U3_OH.

_, Both chs _ and 10 HRz crystal blanks _11 be furnished co GE_YD
etched co frequency.

_, The 10 Hl_z blank _pec£f±cst_on _11 be reles)ed by mld-._uly, 1981_
Co a1!o_ procurement of crystals.

6. The esc:f2naceasstrmesno £_specc_on _-_11 be =squired on purchased
blanks ocher than v_susl. Parades,rs hoe _pec_ed by GEliDtr£11 be
accepted by vendor certification _".th l_._CO_ approval,

7, Fr_ce escalation factors used sre as follows:

m,lm,m_mllm

8. The decks;gee to So :head _th the _!ot z-.m _111 be based on chs
conf_rmecory run test data withou'c a;_n|.

9, The s_x month delay sho_ on _he sc_,edule be:veen the pilot r_n
dec_¢¢on an_ steT_tng the qXFF c_ay ",'_ry depe._d_ngon vhet desis_
changes art required,

-.2--,
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ACTZ_TY A - Znsi_esrinl, Con_iraatory and Fi_ot mu_ _ui_d (Tabricacio. _ Tut)

Activity A provides for the fabrication and turin| of $ and 10 _s units
required for Phase Zll.

Xc Lm the object of this activity to process into chs QXTTa total quantity
of 100 eniinetriu 8 run un_ts, 150 couf/rmacory simple tarts, and 2200 pilot
run units, Zach _a vLLY contain approxi_tsly equa_ quaac_cLu of 5 an_ 10
MHz units,

£nsineerin| Run units are scheduled to be|iu iuco the _ in _rch, 1982,
CcnLir_cox-y smmplee vi.l.1 begin Ln mLd-_aTm 1982, and pilo_ run _m:ttm_
bejin into r.he QX_ in April, lcJ83. Temtinj& of the ©outizlsmcory staples
is scheduled for coapletiou Ln January_ _983. Temtiul of the pilot run
_itm _n scheduled for completion in P.azchm 1984, RefereJlce the scheduXe
mhc_ iu _Lbit 2.

Teats performed vi_l be Chest ,_lled ouc in tb_ ?reduce Speci_icat,ton,
Dravin| Number 46A926Z72. Sequentia_ amsplin8 vail not be perforaed _tmlr
is_ttla2 mmnplin8, From the sample tests &u e|cLJnce vi_2 ba ude co a 90Z
confidence 2eve1 as to the percent o! zmainins units t_ vou2d be expected
co succemmfull?pass lot:m_ple tests. Any addltlo_ Icemlcls_8requested
vi11 be considered a chan|m in chi scope oi york.

The :ssc plan emci_mce Le based on the @o22ovin| pzoJected _ieldm into tmmt.

100X Temc_.._..__ss Lo_ 5man_lem

Enzi_eerinz _nits 50 2.5
Con_imetoz7 t)nltm ZOO 100
Pilot _un _n_cm 752 100

The cost encysts tc cc_plece Actlvlcy A, fabrlcati_ and tut_ 8 chi Phase 11X
units, is $9S3,268.

Cost Breakdo_

_terlal $10g,476
Overhead 21,896

Direct Labor 63,_51
_e rhea_ 77, _,10

Kanufacturin& Suppor_ Labor 133_202
Overhead 162,506

EnEineerinI Support Labor 4_,578
Overh ud _3,783

Teec Labor 43,012
Overhead ._

Product Cost: 761,B51

Total $933,268

*-3-
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l cctv_cy+__l- QX_ ModiIIlclc_ou

lroceslt=l oi 5 lind 10 l,_i thile Iii _i l_roulh the (IZ_'F t_ belin
icier prooelitnl oi the 22 HItli until lot thlle li bays been coiplettd,
In order to couvlrl t_i (li tO in t_tirchinletble 10 li ld 5/10 ii
ptodictton capability, lbl tO-_l_D| additiou oi modifications must bi
ll4a.

+ 1. Fab=_esta 5110 I,llii Sid/frills _Tays - 6 lialeh

2. lepllce txiiCtil bellmai and unipulaCore

3, Provide for liifll uulikl aid llllk holdtl

_. lepoeiciou contacting llchintil

5. llmtotk ivo parlllll llotlon forceps

The esciliced cost of 'Chic conversion ii $t4,309 and rill bi cc_ple_ed
foliovin I Phase 11 procesitn|, ltefarenci schedule lhovli in Exh£btt 2.

(:oa_ Bzee_dou_

lilcsrial 123,775

Eliitnaa=tr.l I Labor 18, _-_
Dverhaa_l 21, .ii

Xanufac _ul.'tUl i, lbOr 3,8._3
Overhead

Product CIiIC 76,987

CIA/Fee

Tocill $94,309

AcCty_cy_ C- Tes_ Equip=lhC Hod:Lttcation

3asic equipisnc ts available from Phase II (22 _z) co support Phase ill
les_tii t, Hoverer, sole iddtctonal equipment ts required for Phase Iii =o

petrol'= the required testS.ni.

" Ic is the object of t.h_s icttvic_ ¢o p_ovl_e and set up c_ls equip=e_z

required co do c_e _iceisal-# _escini o_ Phase III (_ !hd 10 t4}tz) produce,
Add_cionsl equlpmen_ required ii al follovsi

"P.,,cluI+i_+=eu;_

X,P, Synthes.%zei: for Frequency $:10,000
Repea_abil_ty

H,P, 9825 for Slhorl: Tax-= 8,000
$c_bil_cy and Thermal T_=t
Const_mt

H_sc. Fixtures 6,.500
mmmmmm_ "m_

TOTAL $2&, 500

::':1 " I . + l II Itl . li . Iii I + I ll_ll I I l ..... ilL,
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Chs _otal coso for eo_leti.I A_tivtty C Si $63,993, This activity ii
scheduled for completion Ln Hatch, 1982. Iterate:ce schedule shorn £u
F_J_ibit 2,

Cos.__t.Brukd_

Haterial $24,500
Overhead &.900

Eusineerinl Labor li, 761
0verhud 10,362

Hanu_acCu_n| Labor 1.665
Overhead . 2,03!

Product Cost .52,239

_A/Fmm 11.754

Total $63,993 .

Activ_t? D ,- Fixtures/Tools/Oases

Activity D provides for fabrication of fixtures, cools and |slits required
to support fabrication _d inspection of the Enitnsertn8_ ConftrnatozT,
and Pilot Run builds.

lt is the object of this ecCiv_t 7 to fabricate and check out f_tures, tools
and Sales to support the follov_ni process and inspection po_t8.

Brazens Spin Dr7
MeCLll_zin8 CzTscal Cleantns
Gold Ple_nS _,asket: Press
Contact Evaporation Clip, Cut Off Die
Polyd.m:Lde Appl_cat:ton Fjrtra Boats for Pi:tot (3)
Punch and Yoz'_ To©ltn$ for Ceramic Vendor
13P/?olydJnide Cure 0C Charts
OXTF qC Gases

Cost Breakdown

Haceriel $ 49,200
Overhead 9,840

Direct Labor 22,545
Overhead 27,$0.q

D_'efc:l.n 8 Labor 4 ,B64
Overhead ____ 7_0

P_oduct Cost 119,69_

_,_/Fee

TOTAL _)146,625

Th;ts ecCtvtCy la scheduled _or completion in Dees=bar, 2981. Re_er_nce
schedule o! Exhlbic 2,

-5-
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F._ZJ2T Z

cost zsz  , =

RE_ZN£S$ "

Ac_tvtt 7 B - qXFF Hodiftcation $ 94,309

C- Tes_ Equi1_e_t Hodtffcacion 63,993

D - rix_urini/Zoolt_g/Gsges 1_6,625

FABRICATIO_
li _',

kct£vlty A _ EnK1neerlnz, Conflr_atorya_d 933,268
Pilot Run Build

Stunof Cost 1,238,195

ContizzBency @ 15X on ._ter_al 86;779
& Labor + G&A/Tee ........ --

Total Pzogram Cost 1,324,974

Funds Available 860,875
i ii i i| ----

Add_tton81 Fun_s Required $ 464,099

-6-
F.
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APPENDIX D

FLOW CHART
(DRAWING NO. 46C924937)
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o,oo0,,0,. _<.)_ .

Fs + Rs
Mark Marl_

Unwanted Modes

Fs + Rs In_,p100% Insp 100%
(In Etw Flxlure)

Measu,. Fs, R. Ei Measure Fs, RsVlbradlon

Fs+ Rs Racllflo100% E_ Radlflo 100%
i(In Ehv Flxlure)

Shock Characterize = E _ Char_-lerlz.

F.+ Rs Fred&Resist. I E _] Accele,ale(In EhVFixture) Temp -40°C to 75°C Aging 120_Cfor 168 Hre,

Characterize Characterize J E] Chara_'lodz"

SelectGroup "B" Samples E_Setec_ UnwantedModes

Grou_ GroupA DolSample Test

Temp -40°C to 75°C
Repeatability E _Ilnsp Hold lo, Group "A" (3

RepeataOIIIty 0z

=10 E Chaxaclertze

> == E 'o.-- o
_ z '_

E Mount In
Shock Fixture

I._TTherrrn__llTlhr'ro_l_C°n"an' E_ Charau31ertze '_

Aging E _ Vibration

]_ Nuclear SurvtvaDIIIty
E;IShock

._ Ch&racterlze

v °'- E;I_"'-z"
E;I,o,°o

sta_,_

] Nuclear SurvNahlllty

Ch=acterlze
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DRAWING NUMBERS ANDTITLES

46A100661 General Ultrasonic Cleaning Specification
46A100662 Cleaning Process
46A100663. Cleaning Process
46A100667 Cleanlng Process
46A100669 Cleaning Process
46A100670 DeionizedWater
46A100702 Handlingand Storageof Vecuum"llJbeParts
46A100853 DenseAluminaCeramic
46A101546 Ammonium Blfluorlde
46A102297 Molybdenum, Unalloyed
46A115289 Hydrogen Firing Spec.
SS268140 BrazeAlloy
SS277052 Cleaning Process
SS284775 VacuumFiring
8S284790 Metallize Specification
SS284790 Metalllze Specification
SS302235 Gold, High Purity
SS305131 Ultraviolet Cleaning
8S328609 Adhesive Polyimide
SS329971 Gold Plating Process(Dequest)
SS329986 Handling and Storage
SS332871 Gold Plating Process(Dsquest)
SS334182-200 Cleaning and Insp, Procedure
343283-200 Gold Cleaned
344922 CrystalResonator
46A923742 Cleaningand Insp, Procedure
46A923763 PolyimldeApplicationand Cure
46A923912 EvaporationProcessMo/Au
46C924934 FrameProc
46B924935 Cover
46C924936 CoverProcessed
46A924940 Fundamental Mode 5 MHz SC-Cut Crystal Blanks
46A924943 Cllp
46C924944 FrameClip Assembly
46A924945 Gasket Processed
46B924946 Cover GasketAsm.
46B924954 Blank Contacted
46C924960 Frame Blank Assembly
46C924972 Frame Blank Electroded and Sealed
46C924975 Resonator
46A925072 Handling and Storage
46A926172 Product Speclflcation, 5 MHz and 10 MHz Quartz CrystalResonator
46A926246 Cover
46A926271 Gasket
46C926288 Laminated Frame(Reson)
46C926307 FrameProcessed
46C926308 Cover Processed
46A926845 Third Overtone5 MHz AT-Cut Crystal Blanks
46A926846 Third Overtone10 MHz SC-Cut Crystal Blanks
46A926922 Third Overtone10 MHz AT-CUtCrystal Blanks
46A926977 Molybdenum Ribbon
46A927146 Crystal Blanks
46A927252 Gold Plating ProcessforMolybdenum Ribbon
46A927253 Molybdenum Ribbon Plated
46B927564 Cover Gasket Assembly
46A927742 Electroding and Sealing Process
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X 1 Assembly +-
_. ' 3endlx Avla_ion Corp, _'_51 Compound i

AR 2 Detergent Pioneer C_nt_al Dlv. Davenport.+ Iowa.

i. GENERAL

Generally it is more desirable, especially in large tanks, to contain
the cleaning solution in a separate container, of glas3 or stainless
steel construction, immersed in a driving medium. Glass or stainless
steel mesh baskets may be utilized to contain the parta_ however, basketl
of less than I/4 inch mesh must have solid bottoms unless they are
placed in intimate contact with a solid surface.

T_e volume of cleaning solutions used should be at least ten times the
bulk volume of small parts or must completely cover large pieces. Blind
holes and cavities must be filled with the solution to obtain proper
cleaning. This may involve rotation of parts during cleanins or even
"vacuum filling as is done in vacuum impres_ation, lt is absolutely
necessary that the solution be in contact with the area to be cleaned.

Power must remain on during removal of each piece part or assembly from
the liquid in which it has been clJaned to insure that the dirt that has
been removed from it has no opportunity to settle back on the clean part

The cleaner must be tuned to maximum efficiency. This tuning must be
checked on every run and adjusted If necessary. If a driving medium is
needod, it shall be a 0.5 to !.0 per cent solution of P2 in water in the
transducer tank. The water used must be put into the tank and ti_e trans-
ducer operated for approx. 15 minutes to deEas the water before adding
the detergent. If the parts come in contact with the liquid in the tra-
nsducer tank, this liquid shall be the cleanin_ material. The cleanin_
containers are to be suspended so that the bottom of the container is at
least 1 1/2 inches above the bottom of the transducer tank.

Inspection of parts after cleaning is usually done visually. The finer
dirt or dust, if left from vapor blasting or sand blasting, produces a
mottled appearance.

Generally, a completely out gassed part or subassembly does not suffer
any ill effect in ultrasonic cleaning and does not require a repeatii i i i ii i i iiiii iiiiii iIi ii
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I. continued

outgas before use. Vaporblasted ferrous surfaces tend to have
a_hering microscopic magnetized particleS. So to _acilltate
cleaning, they shall be demagnetized Just prior to final ultra-
sonic cleaning before assembly into a tube,

NOTE: Tolerance on specified times to be +50_ -0.

_ '[ _ [ I !'J" I ] Jl J 'I _ IC_A_ _iCAT t_ _'L I _ J C_ J_T _'_14064,, _ , IUNCLASSIFIED



FSCM NO. 14064 46AI00662
FCOz860214GE G1
JL Burton, GEND Issue 17
Diskette 6688A-O296A Page I of 3
SC/GE Date, 06/06/86

Tltlel Cleaning Process

SHEET INDEX

_ G/r^XT, V, .,cxx zo.
AR 12&AIIOSPI Alcohol 2

AR 46AI01581PI Math. Chldr. 3

AR SS302227-200 Trichloroethane, (Alt for Item 8) 4

AR 124AI219P1 Acetone 5

AR 46AI01581P2 Alt. Part 3 6

X _46^100661 Cleaning Process 7
t

AR 46A101584PI Tr ichloroethylene 8

To remove spinnin& lubricant, drawing or ,mchlning. compounds, orprotective coatings from metal piece parts or sub asse, degreaslng
parts prlor to flring and removing grit, abrasive binder, metal
particles and powder from polished parts and sub-asse. Unless
otherwise noted on detail drawings schedule A & B shell be considered
equivalent.

Schedule "W' - Trichloroethylene

a. Equipment: National Ultrasonic Model D-310 or Equivalent

b. Procedure:

1. Spray parts wlth nozzle.

2. Immerse parts in vapor over bo_,ling solvent (Item 8) for 2
minutes min.

E-6
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Schedule "A" conclnued

3. Immerse parts in liquid (Item 8) over transducer for 4
mlnucea rain.

4. Remove parts slowly [rom vapor allowing part to dry as
remov ed.

5. Dry preventing oxidation and contamination.

Schedule "B" - Trtchloroethylene

a. EquipinenCl Detrez Model 2DS500S U1trasonlc Vapor Degreasar or
equ t valent,

b. Procedure:

I. Immerse parts in vapor over boiling solvent (P4) for 2 +
1.0-O mlnutea. Drain and t_ansfer _o next step.

2. Immerse parts in liquid (Item 8) over transducer for 8 +
1.0-0 minutes.

3. Spray parts with nozzle over boiling solvent.

4. Remove parts slowly from vapor allowing part to dry as
removed,

5. Rinse parts in _reah PS.

6. Dry preventing oxidation and contamination.

Schedule "C" - Hethylene Chlortdez

a. Equipment: Bendix Type UG-1B-2 or Equivalent.

b. Procedure:

1. Ultrasonically clean for five minutes in Part 3 or Part 6.

2o Ultrasonically clean for five minutes in Part 2.

3° Dry, preven_inK oxidation and contamination.

i
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Schedule '_)" - T_ichloroethylene

a, Bquilxnent: Detrex Vapor Degresset or Bqulvalent.

b. Procedutel

1, Immerle parts in vapor over bo_lin8 solvent (Item 8)
for 2 +1,0 -0 minutes.

2, Immerse parts in liquid (Item 8).

3, Spray parts with nozzle over botltnE iolvent,

4. Remove parts elow1y from vapor allowing pe_t to dry es
1_elaoved •

Schedule "£" - Trtchloroethylene

a, Equipments Detrex Vspor Desresser or Equivalent.

b. Procedure:

1. Immerse parts tn vapor over botltn& solvent (Item 8) for 2
+1,0 -0 minutes,

2. Immerse parts in liquid (Item 8)

3, Remove parts slowly from vapor allowtn8 part Co dry as
removed,
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Z X X :L AsM...... .................................. _,
...+J

AR AR AR.....2 DETERGENT...... 46AIO2'Q73=PI _+..................... _........

i'i'.<..'i"Wi,.+,_ Ac,,'+,'o,,++: ,,, ........ .....
""+I A"_R AR I 4....,r_.I,_[Z_+WAT,.'_._i4BAIO0+70 P2 ____

• ,

A. _JR_,Sm:
FOR CLEANINGCERAMIC-METALOR GLASS,,,HETALASSEHBLtE5 WHICHHAVE
NOT REQUIREDHASKINGFOR VAPORBLAST OR SAND BLAST (SEE NOTE1,,
NOTE 2, ANO NOTE3) OR CERAMIC OR METALPARTS PRIOR TO 'ASSEMBLY.

B. EQUIPMENT=(POR 03-OHI_ TRI3 SEC_ZON)
SONAQENTYPE APSOOR EQUIVALENT.

C, PROCEDUREt
1. ULTRASONICCL_ ,_ FOR & MINUTES IN 0.5' TO 1,.0'_ P2 IN

1=4 (1_ ML OF" PZ IN 2 LITERS OF P4_.

2. RI fC_E I N FRESHP4 _ I L ALL TR/i_JESOF"DETEROENI"ARE _ED.
THIS MAY BE ACCOMPLISHEDBY & C_CADE RINSE Oil:E;_ L_lt_
QUANrrlTIIESC_r I:_$. ULTR/L_CNtCEXCITATi(_N 15 NOT U_ED'I_UPtlN6_
THIS STEP.

3. ULTR_C_41C RINSE FOR • HINUTE$ Ii_ P4:. CASCA[::ERINSE MAY BE USED.

6., + REPIL_T (3,) IN' FRESHP4.
5. GIVE THE PARTA DIP RINSE IN FRESHCLEAN P3 TO FACILITATE DRYING.

6. DRY PREVENTINGOXIDATION & CONT/LWIWATION,

NOTE %: FRAHE'$FOR TUBES, OR OTHERCUP SHAPEDASSEMBLIES, REQUIRE
SPECIAL CARE IN RINSING AT EACH _TEP. AS A FRAME IS PUT
INTO A BATH, lT IS TO BE;RINSED BY FILLING ANOTHEN
EMPTYINGBACK INTO THE _3LUTIO¢IFOURTIMES BEFORElT t5 SET
tN ON ITS SigE FOR THE_]P_CI_rI'_ CLEANING PERIOD. AT THE

OTHE,c_WISE"e'_ _ _¢3¢_)+-'/'<;1_'_. ' +me'nlo_'m odCiM_i.=.... ,u_LI= "'

......... ,, -:+"-_ ..... - _ .... -- _,, , , , ,,__:

' DESCRIPTIONOFGROUPS REVI,_IONCJ PRINTSTO

Z..+

_!_+__. _= <:"P,'"+'_.' ,,,<',,"" c
++.++ 4iA 1006G.'I

7,.,.m_N._,,-,-,-,,m_L.,,,.ii(.+.,,,i G"5 ...........P,4.._ _ _1 mmv_=_,lli".... :- llOl¢'-:: : :-;]_,_iL"i+_.,_#_' " A
, ,
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TITLE; " +--'1¢o=t ONl-ca JII&/A&' lm Na.

CLEANING PROCE55

4641006
¢o_ Dm_t_ FIRST MADE FOR

lm --- o+ [lim ''a*_/LE'+ r_ DRAWING NO., DESCRIPTION, MATERIAL, WEIGHT
___ _ ,, ,,

l

ENO OF" THE S?SCZ]rJ[ZOCLEANING PERIOD, lT 15 AGAIN
TO DE RINSED 4 TIME$ IN THE SAME WAY BEFORE PROCEEDING
TO THZ NEXT STEP, TO MINIMIZE CARRY-OVER FROM ONE
BATH TO THE NEXT, AS MUCH EXCESS FLUID IS TO BE REMOVED
AT EACH FINAL RINSE AS FOSSIBLE WITHOUT THE P_,RT:.
DRYING.

NOTE 2: THE DE'fERGENT.(I=_) SOLUTIOI_5 ARr-
NOT TO BE USED HORE THAN .t TIMES. FOR ESPECIALL '_'
DIRTY PARTS, lT HAY 8E NECESSARY TO CHANGE THEM
OFTENER . THE D£1ONIZED _ BATHS (p4) ARE TO BE CHANGED
EACH TINE.

NOTE"_: IF" AN ASSEIVBLY IS NOT CLEAN AFTER A RE-RUN THROLK_t
THE CLEANING CYCLE, lT 15 TO BE RETURNED FOR RES_ND
_LAST, REVAPOR BLAST, OR REPOLISHING, AS THE CASE
HAY BE.

OROUP A . B '

1 8 5
= z= 7.5
3 B 5

NOTE 4.. WHEN ARGON OVEN DRYING IS USED, NO ACETONE RINSE IS REQUIRIF_

t UNLESS SURFACES pm,_o_ ..... _t_

OTHERWISE all _¢_

sp(c,_,eoI;6xt00661 ,_ + + +USE ..... . --...... ,

DF'".C_I_q'IONOF _ROUI_ L R'c'II$1ONS PRINTS TO

I ,
I
!
I
I
I

t
1
I
I

APP'ROntAt_" , = .......... _ _ I

46A100663
,._,=o $1' 'P:TE_$8URGP, FLC_;_ =e.r o. ,-,,vPl_,qL..._..o

n
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' A. PURPOSZ:

For clean£ns raw unprocessed cscamics co remove loose dust, dirt
m,4 ceramic particles and to identify stainless steel fastening
hardware.

B.

Souasen Type APSO or equivalent.
Polyethylene covered stainless steel baskets or equivalent.

c.  ROC D ,
1. Ultraeonio clean for 8 minutes in 0.3 Co i.0% P2 in PS (for

example: 15 ml o2 P2 in 2 l£_ers 02 PS). The solution ii
to be maintained at 60°C _ 10_C.

2. Rinse t_ fresh Pl until ali trac©s o£ detersenC is removed.
This may be accompllshed by a cascade rinse or by usinK
fresh quantities of PS. Ultrasonic excitation is nec
used durinK this step.

3. Ultrasonic clean _r 5 minus.es in 50_ P4. Haxlmam temperature
ag ac£d will be 30uC.

4. Rinse tn three separate quancttle8 02 PS. Ultrason£c
excitation £e.n_ used durinK this step.

5. Ultrasonic rinse for 5 minutes in PS. Cascade rinse may
be used.

6. Repeat (5) in fresh P$.

7. Dry Co minimize oxidation and contamination.

NOTES:
,mm,am,mm,mm

1. Cup-shaped parts, cylindrical pa=ts or pa=ts with blind holes
shall be posltloned in such a manner as to assure contact ag
chs fluid v£ch ell surface areas of the part.

2. Htnimtze carry-over from one 21utd to chs next by removins as
much exces._ _lu£d as poss£ble aC Cho end o£ each process step
vithout lectins Cho part dry.

E-12
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PI;CM t_O. 14064 46&100670
FCO830394G3 See Below
JL Burton, GEND Issue 10
Diskette 632_A-0293A Page 1 of 2

Dates 06/22/83_Q': MC1238
PART CLASS m UNCL

Delonlzed Water

P&RT NO. MATERIAL

Pl i Plegohm-CM Water

P2 5 Megohm-CM Water

P3 12 Megohm-CM Water

P4 16.6 Megohm-CM Water

P5 10.0 Megohm-CM Water

1. qmn A

1.1 Sco_.qg_p.e_ This specification covers the requirements for high
trypu: deionlzed water manufactured and use8 within Plant

facilities.

2.1 ASTM DII2S -- Electrical conductivity and resistivity of water.

2.2 ASTM D859 -- Silica in water.

2.3 ASTM DI193 -- Reagent water.

2.4 ASTM F60 -- Microbiologlc.l contaminants in water used for
processing electron and mlcroelectronlc devices.

3.  sQuIs

3.1 Manufacturers

3.I.I General I11ectrlc Company

3.2 Materlal

E-14
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Page 2

P1 P2 P3 P4 P5

3.2.1 Electrical resistivity, mln 1 5 12 16.6 i0
megohm-cm at 25oc.

3.2.2 Silica, max. mg/lltec 2.0 1.0 0.5 0.1 0.7

3.2.3 Minimum color retention time 10 10 60 60 60
of potassium permanganate,
mlnutes.

3.2.4 Maximum total bacterla count I000 t000 100 i0 300
colonles/ml.

4, QUALITY PROVISIONS

4.1 Test Methods (Mandatory only in case Of dispute)

4.1.1 Electrical Resistivity ............ ASTM DI125

4.1.2 Sillca (Colorimetric Method) ........ ASTM D859

4 °1.3 Color Retention Time ............... ASTM Dl193
of Potassium permanganate

4.1.4 Total Bacteria Count ............... ASTM F60

5. PACKAGING AND HANDLING

5.1 The following list is the priority of storage and handling
materials in decreasing order of preference.

a. Tin (handling only)

b. Stainless Steel (handling only)

c. Corrugated Teflon tubing

d. Polyvinyl Chloride - Type 1 (free of plasticizers or
add itives)

e, Polyethylene

f. Glass

G. NOTES

None

E-15
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FSCH NO. 14064 46AI00702
FO3 850131(_ Page I of 8
j. Burton, (;END Issue 46
Diskette 3858A-0187A Date: 05/17/85

TITLE: Handling and Storage of Vacuum Tube P_ts

1. GEN_.AL:

1.1 Scope. This drawing covers approved practices for handling and
itorage of v_Jcuumtube parts and assemblies.

1,2 Notes. Referenced notes are listed on last sheet.

2. DOCtH_TS:

2.1 46AI02131 - Detergent, non-ionlc.

2,2 46AI01756 - Detergent, anionic.

2.3 46A102642 - Radioactivity decon_minant.

2.4 46A102143 - Oll, elecCrlcal insulating, high purity.

2.5 46A100670P2 - Delontzed water.

3. ,RE_ n_EM_TS:

3. i General

301.1 Handltns:. Par ts and assemblies shall not be handled
unnecessarily evel_ if approved methods are observed; a_d _hen
they are handled, it shall, be in a manner to ensure against
contamination and minimal damge such as dints, nicks,
scratches, chips, etc.

3.1.2 Furnace Materials. Ccmtatner materials for high temperature
furnace applications are not included in this drawing.
Furnace handling materials consisting of molybdenum, stainless
steel, ceramic and asbestos shall be used in accordmce with
furnace conditions required.

3.2 Handling Materials in Decreasln& Order of Preference _See Note
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3.2.1 Con ta tners Mani pula t ion

Cod...._e Cod..._e

1- Glass A -Stainless Steel Tools

2 - Stainless Steel B - Ceramic Tipped Tools

3- Plastic (See Note C - Plastic Tools (See Note 6.2)
6.2) ....

4 - Wood D - Nylon Gloves plus F.xterna] Finger
Cots

g - Finger Cots

F - Nylon Gloves

G- Cotton, Plastic or Rubber Gloves

H - Bare Hands

3.2.1.I All containers shall be adequately covered whenever lt is
necessary to protect matertalwithin from airborne
con Camln ation.

3.2.1.2 PaCapar paper may be used alone or in conjunction with other
materials where cleanness ts necessary without regard to
scratching or slight paper particle contamination.

3.2.1.3 All blasting and chemical treatment operations and glove
boxes require use of rubber gloves

3.3 Metal Parts and Subassemblies

3.3.1 ,GENDFabr! cated cs Cod_j.e

3.3.1.I Incoming raw stock thru fabrication
and final clean in machine shop ............................. 3H

q

3.3.1.2 After final clean in machine shop thru
fabricated Par ts in stock ...... - 3G

3.3.1.3 From fabrlcated par ts in stock co
vacuum fir ing (See Note 6.7) ................................. 3E, G

3.3.1.4 After vacuum fir ing thru tube assembly ...................... 2E

E-17
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Code

3.3.2 Putchued Fabricated Par_

3.3, 2.1 Prior Co and including per ts in stock, ............. 3G

3.3.2.2 From patti in stock, proceed thru same handling and storage
conditions beginning with 3.3.1.3.

3.4 Glass .Parts ,_..d Suba,ssl_'_lies

3.4.1 Preform

3.4.1.1 After cast:l.n_ through anneal .................. 3H

3.4.1.2 After anneal through fabrication and to final clea, in
mach ine shop .......... ..... - ...... 3H

3.4.1.3 After clean in machine shop to _abrlcated parts in stock ..... 3(;

3.4.1.4 After fabricated parts in stock to clesn etch ................ 3(;

3.4.1.5 After clean and etch through assembly ............... lE

3.4.2 GlaSs Cylinders at)dOleae-Metal Assemblies

3.4.2.1 Prior Co and including glass - metal assembly.- .............. 4G

3.4.2.1.1 For glass-meV.al assembly, use tweezers with glass sleeving
to remove frames. Use asbestos trays during ,assembly and
anneal, Do not use nylon gloves unless covered with finger
COTS.

3.4.2.2 After 81ass-metal assembly thtu vapor blast. 4(;

3.4.2.3 After vapor blast to vacuum fire.-........ 3E

3.4.2.3.1 Stainl_s steel or plastic inserts may be used in
contalners for glass-metal assemblles.

3.4.2.4 After vacuum fire thru tL_be assembly:

3.4.2.4.1 External tube sur faces ......... 2A
or 2D only

3.4.2.4.2 Internal tube surfaces ............. 2A

- E-18
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, Cod.__je

3.5 Ceramic Parts and Ce.r_mic -He tsl Assemblies

CAUTIONz Take necessary precautions to prevent meta],marks from
occurring on bare ceramic areas, Ceramic tipped Cools
used on metals shall not be used on ceramics 5ecause of
possible metal trans fer.

3.5.1 GEND Fabzicated Ceramics

3.5.1,1 Raw stock thru fabricstlot_ and final clean In shop.- ....... 3X

3.5.1.2 AEter flnal clean in shop Chru stock.- ..................... 3E

3.5.2 Put chased Ceramics

3.5.2.1 Prior to and including parts in stock.- .................... 3E

3.5, 3 Substrata Ceraadc_

3.5.3.1 Prior to vacuum nickel sinter ......... 3E
(sae Note 6.3)

3.5.3.2 After vacuum nickel sinter to vacuum fire 3E

3.5.3.3 After vacuum fire thru tube assembly. -2A
(see NOto 6.8)

3.5.4 Ceram(c ,proce,,,ssinr

3,5.4.1 From stock and including ultrasonic clean,- ................ 3E

3.5.4.2 After ultrasonic cle_n to vacuum nickel slnter.- ........... 3E
(sea Note 6.3)

3.5.4.3 After vacuum nickel sinter to dry hydrogen fire_

3.5.4.3. l External Tube Sur faces ............................ 3E

3,5.4.3,2 Internal Tube Stmfaces ..... 3R

3.5.4.4 After dry hydrogen fire to vacuum fire:

3.5.4.4.1 External Tube Surfaces .................................. 3E
(see Note 6.8 except 108l Frame)

3.5.4.4.2 inter._i Tube Surfaces 2B

(see Note 6,8)

E-i9



__ - j iii i - linl- ii I i IIILII I m u I milli InPlu

46A100702
l:ssue 46
Page 5

Code

3.5,4.5 After vacuum fire thru _ube assembly_
t

3.5.6.5.1 External Tube Surfaces .................................. 2D
(ees Note 6.8)

3.5.4.5.2 Internal Tube, Surfaces .................................. 2B
(see Note 6.8)

3.6 processing Materials

3.6.1 Erb!pm

3.6,1.1 Prior to and Including pur lficaclon ........................ 3D

3.6.1.2 After purification thru material in stock .................. lD

3.6.1.3 From material in stock thru processing ..................... lD
(see note 6.5)

3.6, 2 Titanium.& Venadium

3.6,2,1 Prior to and including material in stock ...................

3.6.2.2 After cleaning thru process ing z

3.6,2.2. Z Wire coils or bar ........... 21)

3.6, 2.2.2 Cut pieces ................................... 21)
(see Note 6.5)

3.6.3 Getters and Formed Getters

3.6.3,1 Between operations, getters and formed getrers shell be kel_
in gasket sealed stainless steel or glass containerspurged
with clean dry inert gas, After vacuum firing, assemble into
completed tubes and evacuate within 8 weeks. Storage of
assembly during intermediate assembly operations shall be in
covered stalnless steel or glass containers purged with clean
dry inert gas.

3.6.4 Braze l_Cer ials Cod..._e

3.6.4.1 Pr for co and thru clean ing ................................ 3E

3.6.4.2 After cleaning ....................................... 2E
(see l_te 6.3)



46AZ00702
_ssue 46
Page 6

Co___d
3.6.5 C_b_
3_6.5.1 All containers shall be tightly closed except when material is

beinK removed and only glass, stainle_m steel and Engineering
approved plastic materials shall be used for handling.

3.7 T._ube.Aasembl,J_

3.7,1 Mc1__

3.7.1.1 A_tet assembly thru tube exhaust .......................... 2(]
(see Notes 6.6 & 6.7)

. mm .. -- --3.7.1.2 Tube exhaust thru stock ............................ 30
(sea Noteg 6.6 & 6.7)

3.7.2 MC2993

3,7.2. Z /L_rter assembly thru tube exhaust ........................... 2G ..
(see Notem 6.6 & 6.7)

3.7.2.2 Tube exhaust thou stock ....................... 4G
(see Note 6.7)

3.7.3 HC1238A, HCL451Bj_ .and.,HC360L

3.7.3.1 After assembly thru tube exhaust 2(}
(see Note 6.7)

3.7.3,2 Tube exhaust thru stock .................................... 4G
(see Note 6.7)

3.7.4 Hc3___ss7_88
3, 7.4,1 Deleted

3.7,4.2 Dtfusston bonding thru dry blast ........................... 4(}
(see Note 6.7)

3,7,4.3 Dry blest thru stock ........... ----2E
(sem 6.6 and 6.8)

3,7.5 MC3368__HC3140,___d..SC._}3_8_..66

3o7.5.1 After assembly thru tuoe exhaust .............. 2(}
(see Notes 6.6 stud6.7)

3,7,5.2 Tube exhaust thou serialization ........................... 3G
(see Notes 6.6 and 6.7)
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3,7.5.3 Serialization thru S 1_ O C k ........... " ......................

(see Note 6.7)

3.7.5.4 Stock thru next assembly ................................... 3D

3.8 Tooling, Onleis otherwise authorized by l_gineering, all tooling
shall be handled and stored under the saw conditions as the par ts
or assent)lies with which they are used to prevent damage orcontamination.

3.9 con_a_ne_4. All containers shall be maintained in clean condition
at ali ttmu using one o4 the following mmthod_

3.9.1 X_d Cleaning. Wash with Alconox (4_101756) and warm water
followed hyde/ionized water (46AlO0670P2) rinse and drying.

3.9.2 Mach_0a Cleaning, Wash with Alto jet (46A102131) and warm water
Zollowed by deloni=ed water (46A100670P2) _Inse and drying.

3.9.3 Radioactive. Machine clean using de con tamin an t 4_I02_2
follow_d bywater rinse and dryinR.

3,10 Storage. Storage is defined as any period o_ time that a part,
subWssembly or assembly is not being processed through normal
schedul ing.

3.10.1 !ncomlnR Materials. All incoming materlals after inspection
shell be stocked-l-_ their shipping contslner unless repackaging
in necessary per material specification.

3.10.2 Machine St_op. Corrosive type metal parts fabl:icated in the
machine shop shall be coated wi_h high purity otl 46A102143
pr io_ to storage c_ stocking.

3.10.3 General Production Ares. Unless otherwise specified_ _arts andsUbaSsemblies shall _'e stored within materials requ eo per
].2.1 and further contained in covered plastic or stainless
steel containers or malntalned st 28 ° to 600(: in heatedstorage cab ine _s.

3.10.4 Specis_ Handlln_. Par_ and subassmblies after cleaning and
firing that _equ_re high degree of cleanness and d_yness _hall
be stored within materials required per Table ].2.1 and either
minr_sined at 2B° to 600(: in heated storage cabinets or
contained within covered stainless steel or glass containers.
After completion of vacuum firing or film deposition, assemble
into compzeted tubes and evacuate within 8 weeks. (See Note6.9).

3.10.5 Olusin_ Op$ration. Parts sad assen_)lies oxidized durin
giassln_ operationrequlre no special storage conditions _.

E-22
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3,10,6 Cbemiaa]_, Unless otherwise 8peciEied. all solid or liquid
chem-lcals-shall be stored in aocorda._, with Fcovislons of the
mater icl speci_icatlons.

3 10.7 _ybdenum, Hs11_neae & T tanium Wd P, ,,_ .- i ida owders and _y
____ Store in gZasa con'eai'h'ers_ - ' -

3.10.8 Tube Ansemb_ies: See 3°7

3.10.9 _t_ets, See 3,6,3

SZCTIONS tl AND 5 NOT APPLICABLE

6. NDTESI

Ii.]. Code number or latter without the word "only" means that material
and any of the preceding materials in thaC Cable unde_ para,
3.2.1 a_e acceptable for use.

6,2 The choice oE plastics for handling of tube parts and assemblies
lo very imporC_n_ and each application _hall be _horoughly
studied Co ascertain correct usage, Factors to be consideced sre
as _ollows:

a, Hsrkln Plastics thac will rub off on a part shall not be
'_sso 1_:this m_rking will not be totally r&moved by cleaning,
firing or blasting in accordance with subsequent cleennean
r equiramen Cs.

b. Stability, Thermal and chemical stability sre required to the
extent that t:he plastic will not detQrlora_e or deform nor in
any way contaminate the material with which it comes in
con tact,

6.3 After cleaning, par_ may be dried on clean llnen or cotton
towel ing.

6.4 Deleted,

6,5 Closed containers or heated storage cabinets at 28° to 60oc.

6.6 Use plastic inserts to hold p_ts in containers.

6,7 Do not use cotton gloves,

6,8 Handle by metal part only.

6.9 The _ week "clock" may be stopped by storing the parts in vacuum(I0- torr or less)

E-23
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I.

I.I THIS f.PECIFICATiON COVERS THE GENERAL REQUIREHENTS FOR VACUUM
TIGI4T_ DENSE ALUMt"" CERAI_IC OF' 92_ - 95_ A=._O3 CONTENT FOR
LISE IN VACUUH TUBE MND ASSOCIATED CONSTRUCTION.

2. I 46A I 15030 - DY-CHEK PROCEDURE

2.2 ASTM D792 - SPECIFIC GRAVITY AND DENSITY OF PLASTICS BY DIS-
PLACEHENT, TESTS FOR.

2.3 ASTM DI 16 - VITRIFIED CERAHIC I_k'rZRIAL5 FOR ELECTRICAL APPLI-
CATIONS, TESTING.

" 2,4 ASTM C773 - COMPRESSIVE (C&USXING) STRENGTH OF FIRED '/,_TZ WARE,
HATERLALS, TEST FOt_,

2.5 ASTM D257 - O-C RESISTANCE OR CONDUCTANCE OF INSULATIN'_
MATERIALS, TESTS FOR.

2,6 ASTM DISO - A-C L055 CHARACTERISTICS AND DIELECTRIC CONSTANT
(PERHITTIVITY) OF SOLID ELECTRICAh INSULATING HATERIALS_
TESTS FOR.

3. RE__QUIREMENTS. _ ,,

3.1 SUPPLIERS - A5 SPECIFIED ON PART DRAWING.

- =_,,,a,,_.¢_-'_. , , ,,rr, DENSE
I-o_ I =_" I *_*'*_* - ALUMINA CERAI_LC

m F I I _ I' ' (92''95' A'_O,)

- I i i' , | ,,_,i__ ,,.,,. --

-" ""' '"""
..,,,,.,,. "-r -" --1=_-/I/F,O I-RKYf_Q - ..... t '"" ,, "......... . _/__'-!, I _ " _,

_qi
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3,2 DEFI_II TLIONS
:3.2.l CHIP- AN AREA ON AN EDGE OR CORNERWHERE MATERIAL HAS BEEN

_EN OFF AND WHICH IS GREATER'THAN .0(:)3 IN BOTH WIDTH AND
DEPTH AS MEASURED ON THE SURFACE PLANE PERPENDICULAR TO THE
EDGE, ANY PORTION OF A CHIP WITH ONE OF THESE DIMENSIONS AT
,O03 OR LESS SHALL NOT BE PART OF THE DEFECT, LENGTH OF THE
CHIP (PARALLEL TO EDGE) IS WITHOUT LIMIT UNLESS SO SPECIFIED
ON PART DRAWI NG.

_.2,2 CLOSED CHIP- A CHIP WITH THE FRACTURED PIECE STILL ATTACHED.

:3.2.3 PlT- A SURFACE CAVITY GREATER THAN ,00:_ ACROSS THE WIDEST
oP-'F_nNG.

_.2.4 _ A PARTIALLY CLOSED SURFACE CAVITY GREATER T;4AN .00:3
ACROSS THE WIDEST OPENING.

/.--- THIS PORTION NOT PART

OF DEFECT

" W /F NOT A DEFECT

• , LI--// -I" F

CHiP POCK

m

CHIP

D - DE 'TH W - WIDTH L - LENGTH
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3.3 MANUFACTURE .-
3.3.1 EJ.B.LL._ - Iv_T__RIAL SHALL BE SUITABLY FIRED TO COMPLETELY

REMOVE ALL TEMPORARY 51NDERS, LUBRICANT_ AND ORGANIC
MATTER.

3.3.2 CONTAMINATION - THE FOLLOWII_S, MATERIALS SHALL NOT BE USED
-IN-PR-O(.,E$SING THE CERAMIC OR FABRICATION OF PARTS :

A. SULFUR BASED AND HIGHLY cHLORINATED OILS, GREASES
AND COIVrX)UNDS,

B, HIGH VAPOR PRESSURE METALS SUCH AS ZlNC_ MAGNESIUM,
LE.J.D, CADMIUM, AND ALUMINUM.

3.3.3 _' - THE MATERIAL SHALL BE FREE OF STRATIFICATION,
FOREIGN MATERIAL, CRACKS, METAL HARKSj SCRATCHES, ANO
LUBRICANTS. THE DEGREE OF DEFECTS SUCH AS CHIPS, PITS
SURFACE FINISH, ETC. WILL BE SPECIFIED ON THE PART DRAWING.
IN ADOITIO_ TO THAT SPECIFIED, THE FOLLOWING SHALL APPLY:

A. PITS WHOSE BOTTOMS ARE NOT V.ISIBLE AT iOX MAGNIFICATICN
ARE IJNACCEPTABLE.

3,3,4 DYE PENETRANT SEPARATION - PRIOR TO SHIPMENT, ALL PARTS
SHALL BE INSPECTED USING DYE PENETRANT PER 3.4 AND 4.2.1
AND ONLY NON-DEFECTIVE MATERIAL SHIPPED TO THE BUYER.

3.3.5 _PROCESSCHANGES - THE HANUFACTURER SHALL NOTIFY THE BUYER
OF ANY CONTEMPLATED PROCESS CHANGES THAT WOULD AFFECT
THE PHYSICAL, MECHANICAL OR CHEMICAL PROPERTIES OF THE
FINISHED PART AND MUST RECEIVE WRITTEN APPROVAL FROM THE
BUYER PRIOR TO INCORPORATION OF THESE CHANGES.

3.3.6 SPRAY QRYING- FOR DRY PRESSINQ PRL_CESSp WET-MILLED BOOY
SHALL BE SIMULTANEOUSLY DRIED AND GRANULATED BY SPRAY DRYING.

3.4 DYE PENETRANT TEST ...... NO DEFECTS ALLOWED AS DEFINED BELOW°

3.4. I BEFORE USE OF DEVELQPER =

A. PARTS INSPECTED IN GOOD LIC_IT WITHOUT HAGNIFICATION
SHALL SHOW NO DYE PENETRANT ON ANY SURFACE.

3.4.2 AFTER USE OF DEVELOPER:

A. PARTS SHALL NOT SHOW ANY BLEEDERS (RED PENETRANT ON
WHITE DEVELOPER) WHICH HAVE A LENGTH 5 TIMES OR GREATER
THAN THE WIDTH (CRACKS).

B. PARTS SHALL NOT SHOW ANY CONTINUOUS OPENING THROUGH A
CERAMIC WALL AS INDICATED BY 3LEEDERS OF ANY SIZE ON
BOTH SIDES OF THE WALL.

.....h,,.

i'z,_ i m_L'_
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3.5 PR_OPERTIES

3,5.1 SPECIFIC GRAVITY 23/23°C .... 3.70 MINo (NO DEFECTS ALt OWED)

3,5.2 FLEXURAL STRENGTH_ PSI ---35,000 MIN.

3.5.3 COMPRESSIVE STRENGTH, PSI ........ 300,000 MIN.

3,5.4 DIELECTRIC STRENGTH VOLTS RHS/MJL ...... 180 MIN.

3.5.5 VOLUME RESISTIVITY, OHM-CM _ 191°C IXlO 13 MIN.
3..5.6 DELETED

3.5,7 DIELECTRIC CONSTANT- -.-9.0 =" 9.6

3.5.8 DISSIPATION FACTOR, TANGENT DELTA ...... .0005 MAX.

3.6 DIMENSIC_S ANO TOLERANCES- ..... AS SPECIFIED ON PART DRAWING=

,_.GuA,.ITYPROVISIONS,

4.1 CERTIFICATION_- AT THE DISCRETION OF THE PURCHASING AGENCYj THE
SUPPLIER SHALL SUBMIT 'WITH EACH SHIPMENT OF MATERIAL: (I) A
STATEMENT OF COMPLIANCE TO THIS SPECIFICATION AND ISSUE NUMBER
AND/OR (2) VARIABLES TEST DATA AS REQUESTED. THIS CERTIFICATION
SHALL INCLUDE THE PURCHASE ORDER NUMBER, QUANTITY SHIPPED, AND
ONE OR MORE OF THE FOLLOWING V/HERE APPLICABLE: (1) LOT NUMBER,
(2) BATCH NUMBER, OR (3) MELT NU,MBER.

4.2 TC_ST METHODS (MANDATORY ONLY IN CASE OF DISPUTE.)

4.2.1 DYE PENETRATICN GE. DRAWING 46AII5030.

4.2.2 SPECIFIC GRAVITY ASTM D792, METHO0 A_ KEROSENE

4.2.3 FLEXURAL STRENGTH ASTM DI I6,3/Btt-I/2" DI_,, X 6"
LONG SPECIMEN

4.2.4 COMPRESSIVE STRENGTH ASTM CT73, I/4" DIA. X I/2" LONG
SPEC I MEN

4.2.5 DIELECTRIC STRENGTH........ ASTM DI I6, I/4 '_ THICK X 2 I/t6"
SQ. SPECIMEN, 60 CPS & 25°Co

4,2.6 VOLUME RESISTIVITY- -ASTM D257, I/8" THICK BY 4" $Q.
SPECIMEN

4.2.7 DELET ED
=

4.?...8 DIELECTRIC CONSTANT ........ ASTM DISO, I/4" THICK X I 3/4"
DIA. DISCS, I06 CPS AT 25°C.

1--_| 1 10V_I_ lillO ; l l l l ....

lA I 46A,ooa 3
_,,, 4:' =' C,,"'

, i
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4.2.9 DISSIPATION FACTOR- ASTM DIS0, 1/4" THIC_ X
I 3/4" DIA. DISCSpIO
CPS AT 25oc.

4.2. I0 DIMENSIONS---- ---MEASURING iNSTRUMENT CAPABLE
OF BE ING READ AT LEAST ONE-
TENTH OF THE TOLERANCE,

4.3 LOT DEFIN! T ION_.

A LOT SHALL BE AS THOSE PROOUCTS OF A SINGLE TYPE (t.E,, PART
NUMBER) MANUFACTURED UNDER ESSENTIALLY THE SAME CONDITIONS USING
MATERIAL FROM THE SAME BATCH.

4.4 _TEST DATA.:

IN THE EVENT THAT PROCESS ING INDICATES CHANGES IN CERAMfC
CHARACTERISTICS OR AT THE DISCRETION OF THE BUYER, THE SUPPLIER
WILL BE REQUESTED TO FURNISH ACTUAL TEST DATA ON ANY OR ALL OF
THE'REQUIREMENTS AT ANY TIME DURING THE LIFE OF A PURCHASE ORDER
OR cOtqTRACT. THE TESTING SHALL BE PERFORMED ON SUITABLE TEST
SPECIMENS FORMED FROM THE SAME BATCH AND TREATED UNDER EQUIVALENT
CONDITIONS AS THE FURNISHED LOT EXCEPT THAT METHO0 OF FORMING
SHALL BE COMPATIBLE TO SIZE AND SHAPE OF TEST SAMPLES. IF THIS
BATCH MATERIAL IS NO LONGER AVAILABLE, THEN TEST SPECIPENS SHALL
BE USED THAT ARE AS CLOSE TO THIS MATERIAL AND THE CONDITIONS
AS POSSIBLE. THIS TESTING WILL BE MADE AT THE EXPENSE OF THE
BUYER.

4.5 TEST. _PEC IMENS

AT THE "DISCRETION AN() EXPENSE OF THE BUYER, THE SUPPLIER MAY BE
REQUESTED TO FURNISH SUITABLE TEST SPECIMENS SO ]'HAT VERIFICATION
TESTS MAY BE PERFORMED BY THE BUYER ON ANY OR ALL REQUIREMENTS.

5._AND HANDLING

5.1__- PARTS SHALL BE PACKAGED IN A MANNER TO ENSURE AGAINST
DAHAGE OR CONTAMINATION DURING SHIPMENT AND STORAGE AS APPROVED
BY THE BUYER.

5. I • I APPROVED METHODS QF INTERNAL PACI_AG_
_EXTERNAL PACKAGING IS OPTIONAL)

A, iNDIVIDUALLY PACKAGED IN HIC._H-IHPACT POLYSTYRENE OR
POLYETHYLENE CUP TRAY5 COVERED BY SAME TYPE OF PLASTIC
MATERIAL OR BY NONCONTAMINATING TYPE OF PAPER SUCH AS
"PATAPAR' (VEGETABLE PARCHMENT PAPER) MADE BY THE
PATERSON PARCHMENT PAPER CD., BRISTOLp PA.

B. INDIVIDUALLY OR BULK PACKAGED IN "PATAPAR" TYPE PAPER_
THEN SEALED IN POLYETHYLENE PLASTIC BAGS. PARTS SHOULD
NOT BE ALLC_QEDTO ABRADE OR STRIKE ONE ANOTHER TO THE
EXTENT OF BEING CItlPPED OR DAMAGED DURING SHIPENT.

1,_, 10.=., ......46A 100853

i _"' _ 0, (o
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UNCLA$$1FIE   ..
5.2 1MA_._J_I___._'-E,ACH,'F×TERNAt. PACKAGESHALL BE LEGIBLT.I_RI_ED OR

TAGGEDWli;_ 3tJYERt.S PART DRAWINGNU_._ER AND REVISION NUMBER,
SUPPLIEF_!_;, NA_'._D:, .AND BATCH OR LOT NUIv_ER IF AVAILABLE, ADDITIONAL
MARKING i',"2I_T 10_,]AL,

t,

6. _- NONE

_--IIAI_II_. mO', '" ....46A 100853
I _"'" <. o.
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' ""** t ,L,,T,,a PRODUCTION
M|U'I'Od't,M b,lk'td_ffaKnll__ , , ................... J, + ,jj j

4 I , , q • li1111I i iiii J.r " I

, _MT NS, lll+l olmetw+P'ttoN MaiM,mnmo, ,,,,,,mY o..,.!'8 ' . q | INa__...

........ .+ ,-+.+++.Pl - 7gO'731-_E ....... -+]/-Zo-7,:_ '-

1. GENERAL: ,

1.1 Scope+ - This spac£ficatiou covers mmnonium bifluor£de In
+rystat flake form.

2...DOCUMENTS: NoNE

3. P,EqUIRE_HTS :

3.7+ ManufacCurers

Any manufacturer's product conforming to requirements of this
specification is acceptable.

3.2 Material

3._.1 Appearance - white crystal glakel. Any lumps shall be
+ zead£1y crumbled by fiuger pressure.

3,2.2 Assay _NH4P_tF),Min. by WC,- ............. 98,0%

3.2.3 Insoluble Matter, Max. by Wt. -0,02%

,li + I - - __ II _ lllJ IIII _ IIII I I lqll I.... II II I I I , I . __

_ ilN¢4' & mim QtO V £ 6,1 TI?61

:-+ i,"°"" ,,.,,,,,,,.., + , AMMOHZUM BZFLUOXIDE

- First Made For: MC1238

._ I-i +-I_iUNCLA$SIFIEDI_e_u__._ ,++At0,,+,:++llm II tP I _,m +

.......... ,,,,,
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4, quAL..I,'[_...PBD_SZONS:

4,1 Certification- At the discretlon--of the Purchaslng A&encF, the

_ppIier Shall s,_bmit with each shipment: of material: C1)
a statement of compliance to this specification and revision
number and/or (2) variables test data as requested. Thio
certification shall include the purchase order number,

quantity shipped, and one or more of the followln8 where
applicablez (I) let number. C2) batch number, or (3) melt
n_mbe=.

4.2 Test Methods (_Mandatory Only in Case of Dispute)

i 4.2,1 Appearance .................... Visual

4,2.2 Assay (NH4FHF) - Weigh accurately about 2.5 &rams, transfer

to a l&rge platinum dish and dissolve vlth 40 ml. oE water,
Add l0 ml. of saturated potassium nitrate solution, cool to
O°C., add 3 drops of phenolphthalein indicator solution and
tltrate with I N sodium hydroxide solution till the pink
color persists for 15 seconds. One ml. of 1 N Sodium
hydroxide is equivalent to 0.05705 gram ammonium blfluorlde
Cm%F_') •

4.2.3 Insoluble Matter - Dissolv_ LO grams with 100 ml. of water
in a large platinum dish and allow to stand on the steam
bath for I hour. Filter through a tared plastic filter
crucible, wash thorou&hly with hoc water, dry at 105°C fsc
i hour, cool and weigh.

5. PACKAGING AND HANDLING L

5.1 PACKAGING - The material shall be packaged in noncontaminatin8
con_s in a manner to ensure safe delivery and storage
and c6mply with rattler's regula_.£ons,

5.2 Marking - Each container shal_ bi legibly marked or tagged with

specification number, revision number, and supplier's
name. Additional marking is optlonal.

5.3 S._.tqrageTemperature_- 4° to 38°C

5.4 Shelf Llfe m - Unlitnlted

Buyer's requirement only.

6 NOTES' None, _....--._U
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I_SCHI40. 14064 46A102297
FCO840011GB
3L aurtohe GKIqD Zssue 12
Diskette 0275C-0009C Page I o_ 7
8C/GIt Date, 03/23/84

14olybdenum, Unalloyed

PAR_ NO. rlKST
CONTROLHe. _dda I4ATIIU:AL I_DS FOR

Pl Foil YaQuum Atc CaSt Holybdsnum 14C1238
P2 Sheet & 8trtp Vacuum &ro Cast Molyl_en_
P3 Plate Vaouum k_o Cast Molybdenma
P4 Wire Vacuum ArC Cast Holybdenum
P5 ]ted a Bar Vacuum Atc Cast Molybdenum
P6 Tubingt Vacuum Aco Cast Molybdenum

Seoul ees
P7 Foil Powder Metallurgy 14olybdenun
PS Sheet & Strip Powder Xetallurgy Holybdenma
99 Plate Pards[ Metallurgy Holybdenum
PIO Wire Powder Xetallurgy Holybdenui
Pll Kod i Bar powde_ Hetallurgy Holybdenum
Pl2 Tublngr Po_de_ 14etalturgY Holybdenme

SeaL_eee

i. SCOPS -This speolflcatlon covets stress relieved unalloyed
_enum for use in high temparatuze vacuum applications.

2. DOCU)mRrS

2.1 kaTIe R8 - Hotbeds o_ tension testing of nuttallicuteriala.

2.2 &STH F219 - Hotbeds of testing _lne round and flat wire for
electron devices and lamps.

2.3 N3TH F205 - Method Eor measuring dianeter of fine rite by
weighing.

2.4 _STt4 E140 - 8tanda[d hardness conversion tables for netals.
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3.1 Nan,fa.c_urm=s andProduct Oeaigna_loq

3.1.1 /Uaax Spwctalty Metals Corp.

3.1.2 Wah Chang Corp.

3.1.3 Thecmo Zltr,_ron Co_p.

3.1.4 Bl•atrc &_c Hfg Co.

3.1.5 Superior Tube Co.

3.1.6 Schwarzkopf Development Corp.

._.2 Chemistry t By Wt.. a___LOCaS_ eow de_ He_

3.2.1 Xolybdenus 99.90 Mis 99.90 Xln

3.2.2 Carbon 0.040 Max 0.010 Max

3.2.3 Oxygen* 0.010 Max 0.010 Max

3.2.4 Nitrogen* 0.004 Max 0.004 Max

3.2.5 nydrogen* 0.002 Hsx 0.002 Max

3.2.6 Silicon 0.010 Hsx 0.010 Max

3.2.7 Nickel 0.010 _ax 0°010 Nix

3.2.0 l_on 0.020 Xax 0.020 Xax

*Pending approved method• of analysis, deviation• from these
limits alone shall not be cause eor rejection.

3,3 Nanufacture

3.3.1 l(a_ :ial |hall have • clean smooth surface and be Free within
beJ _ come_cial practice of blimters, laminations, slivers,
8ea_•, pits, dents, groovesw Inclualons, cracks, oxidation,.
oil, grease, tool marks, oc othe_ deE•ota and contamination
which would adversely a_ect the intended purt_oae.

-- __ , ,, , _ ,,,, - __ , ,,,, ,,. , ,,, , -- ,,,, ,,, _ --
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L

3.4

3,4,1 All astoria1 shall be stress relieved unless othe_wise
specilisd.

3.5 HechantcaZ properties

3,5.1 Sheet, st:rtp and Ect1 (thickness 0.187 max),

3,5.1.1 Tensile st_eng_hu PBZ .......... 85u000 mLn.

3.5.1.2 Rlongation in 2 inches,. - - - ...... 3t sin.

3.5.2 Pla_e ,(thickness over 0:!87 inches)

3.§,2.1 Tensile sbrengbhw PSZ....... - - - 85w000 sins

3.5.2.2 Slongstton in 2 inches .......... 2t -,lh.

3.$.3 Wi_e i Rod
u _ ,

3.5.3.1 Tensile St:rQngbh and Elongation

Diameter Tensile Strength selongat:£on Bardnessw Max,
_ZnaheS _sx Mln. _ t Mtn Ylckers- 10K<]

,000- .019 115w000' 6 -
.020 - .125 85e000 15 -
.126 -1.875 75w000 10 280

*Or aLn. 39.6 g/mg/200sa

3..5.'ll T_b_.ng

3.5.4.]. Hardness - /4ax. 280 v_ckers o_ equlya].ent _onversion _r
ASTM le140.
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3.(; ptmensions! '_ole_a_e8
t

3.e.1
3.6.1.1 Thioknesst Znches

__i_ Toler anqe +/-

.O00_ .00005

.001 .0001
• 003 .0002
• 003 ,0003
•004 .0004
.005 .0005

3._.1.2 Width, Znches

As Rolled 1/8
All si=ese slit .015

3.6.2 Sheet:, gtz:tp S Plate

3.6.2.1 Thtc:kness_ Tnc=hes*

?olet ance +/-

.005 - .010 .001
.011 - .020 .002
Over .020 10t

• Foc 18 inch wAdt:h and under. Measurements taken 3/8" f_oa
the edge oF material 1" and o,e_ in width and at any place
on material beloq, 1" wLdth.

3.6.2.2 Shea_ed Dimension8_ Xnche8

Tolerance +/-
width --- £/I6 ....
r.ength 3/32

I
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46A102297
Xesue 12
li,age S

3.6.3 Wire !

3.8•3,1 DLame_er and out-of-round tolerance_ as drawn or swaged,
Lnahes unloss ot:herwLse npeaLfLed.

DLsmete_ Ou_-of!-round

SpoQLf Led To_e,_ ante __ 14ax,,,.,,_ _
i

,000 - .020 + St by wt:/200ma
,021 - •062 +,00l - ,001 .001
,063- .281 +,002- ,002 •004
.202- .40(I 4..010- .005 •008
,407- ,625 +.010- ,005 ,012
• 626- ,075 +.015- .005 .015
.076-1.000 +.020 - .005 .015

1.001-1,375 +•020 - .010 •018
1.376-1.600 +•020- .015 .020
1,601-1.625 4..025- ,015 ,020
2.626 -2.000 +.030 - .020 .025
2.002 -2.500 +.032 - •032 .025
2.501 -3• 250 +.032 - ,03_l .02T
3.251 -3.500 4.,045 - .045 .040

3.G.2.3 CenberZesl Ground Rodl

.062- ,500 +.002- •002
OVER •500 +.003 - •003

3,6.4 Tubincj r 3eamles_

3•6,4.1 Out:aide DlaIet:e=p ]:nches

SpeCL_Led O.D. Tolerance ./-

.125- .250 •003

.251 - .312 •0035
• 313 - •375 .004
.376 - .437 .0045
.438- .500 •005
.501 - .625 •006
• 626 - .750 •ti07
.751- .875 •005
• 8?6 -1•000 .010

1.001 -1.500 .01_

3.6.4.2 Wall Th/oknexmw Inches

SpecLfied
WaLl ThLq.k. _Tole, ra_n,c,e, 4./"

• 01S °-_ . 120 lot

-- -- ii I __ _J_--r I __ i i i_ iii __
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8,1 Paekaqinq -The sakerLal oh=11 be _akaged Ln a :anne_ ko ennu:tt
__ve:¥ and eeocage and ooapty vLCh oac:Lec.'a c_gula_lons

6.3 Hackl.nq - Bach c_ontniner shal ! be legibly ma:ked o: Lagged vi_h
muyer'LS npeoL_LceLon nuabe:, Lsllue number and 8up,piLe:Oa 1o_
numbe: vhere applicablee addLtLonal aarkLng LI optLonal.

s. __x_

Xone

E-38
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s. e c GzNa_

5.I _ - The material shall be packaged in a manner to ensu:,|
_l-[very and storage and comply with catris:,'s regulations

5.2 Harking - Bach container shall be legibly ma_ked or tagged with
Buyer's specificalon numbs:, Issue number and Suppllec's loc
number where applicable, additional marking ts optional.

G. NO'Z'B9z-

None
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LCT.,C 46A115289
nEv 0 1 2 3 TITUS CONTONSHEETFINAL SHNO.1

46A115289 .vD.o f.p,.,.GsPc
CONTONSHE_ FINAL SHNO.1 FIRST MADE FOR 46B10OO98G1

EG.UIBME_

1. SUITABLE HYDROGEN FURNACE.
2. THERMOCOUPLE AND RECORDING METER OR EQUIVALENT.
3. OPTICAL PYROMETER OR EQUIVALENT
4. SUITABLE FIRING BOATS.
5. RODS TO PUSH BOATS INTO ANO OUT OF THE FURNACE.
6. SOURCE OF ORY HYDROGEN DEW POINT -60°F TO -90°F. LINE

HYOROGEN MAY BE PURIFIED BY PASSING lT THROUGH A DEOXO
PURIFIER OBTAINABLE FROM BAKER CHEMICAL COMPANY,
PHILLIPSBURG, NEW JERSEY AND A LECTRODRYER OBTAINABLE
FROM THE PITTSBURGH, LECTRODRYER DIVISION OF MCGRAW
EDISON COMPANY, PITTSBURGH, PENNSYLVANIA OR EQUIVALENTS.

7. A HUMIDIFIER BOTTLE OBTAINABLE FROM CM MANUFACTURING
COMPANY, BLOOMFIELD, NEW JERSEY OR EQUIVALENT.

.1. THE FURNACE IS BROUGHT UP TO THE SPECIFIED TEMPERATURE. THE
PARTS ARE LOADED IN SUITABLE FIRING BOATS AND PUSHED INTO
THE HOT ZONE WHERE THEY ARE FIRED AT THE SPECIFIED TEMPER-
ATURE FOR THE SPECIFIED TIME.

2. UPON COMPLETION OF THE SPECIFIED FIRING SCHEDULE THE PARTS
ARE PUSHED INTO THE COOLER AND REMOVED, WHEN COOL.,

3. ALL TEMPERATURES ARE MEASURED WITH A OPTICAL PYROMETER OR
EQUIVALENT AND ARE PART TEMPERATURES NOT FURNACE TEMPERATURES.

4. DRY HYDROGEN FIRING IS ACCOMPLISHED BY PASSING THE HYDROGEN
DIRECTLY FROM THE DRY HYDROGEN SOURCE TO THE FURNACE.

5. WET HYDROGEN FIRING IS ACCOMPLISHED BY PASSING THE HYDROGEN FROM
THE DRY HYDROGEN SOURCE THROUGH A HUMIDIFIER BOTTLE FILLED WITH
DISTILLED WATER, WITH A PURITY OF 10 PPM OR BETTER DEIONIZED
WATER 46A100679P1, BEFORE lT ENTERS THE HYDROGEN FURNACE.

1. THE SPECIFIED TIMES AND TEMPERATURE APPEAR ON THE APPROPRIATE
DRAWING AND IN ALL CASES INDICATE THE PERIOD OF TIME FOR WHICH
THE PARTS ARE TO BE HELD IN THE HEAT ZONE AFTER THE PARTS
HAVE COME UP TO TEMPERATURE. WHEN TEMPERATURE ONLY IS
SPECIFIED PARTS ARE TO BE BROUGHT UP TO THAT TEMPERATURE,
THEN' PUSHED INTO THE COOLER. UNLESS OTHERWISE SPECIFIED A
TOLERANCE OF ± 25°C SHALL APPLY TO ALL TEMPERATURES AND A
TOLERANCE OF + 10% SHALL APPLY ON ALL TIMES.

2. ALL FIRING SHALL BE IN DRY HYDROGEN UNLESS OTHERWISE
SPECIFIED.

._EL_. Gra_6 0 _-i,.ov_a olvor_P,.E.sPf.,.su 46A115289
,.u.o _ _._ TCo.-i6X'! ...... 1

EEN-925 Pat Dlechle ....... CONTONSHE_ PINAL SHN_,
JSC 11/30/60
R. K. 2/20/61
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MANUFACTURING AGENCY DWQ._IFICATION LEVEL DWQ. STATUSi l

_u[ _am,T_ -' _ u_,m " _[ .... omm,_ol mU( amn,_tom - I
___ I_N"a.B_J_ ' ' I

i i _

D io_G ¢_'uee_lle_e-'/l, , . ,,
PART NO. FIRST

CONTNLNO. MAI'IDtIAL................ _ ,F,_,,,
-200 WIRE, ANNEALED MC,204I

ii I i | i L

-201 SHEET, AS COLD ROLLED
ii i ii i i i l

i.z _O.P.E

THISSPECrF'tCATJONCOVERSA HIGHFURJTY SILVER-COPPER
ALLOY WITH A SHALL NICKEL CONTENTF'OR BRAZING APPLI-
CATIONS REQUIRING MINIMUM AMOUNTOF HIGH VAPOR PRESSURE
IMPURITIES.

2.1 ASTM E56 - METHODSFOR CHEMICAL ANALYSIS OF SILVER
BRAZING ALLOYS,,.

2.2 ASTM E54 - METHODSFOR CHEMICAL ANALYSIS OF" SPECIAL
BRASSES AND BRONZES.

2.3 ASTM F16 - HETHOOSOF' HEASURING DIAMETER OR THICKNESS
OF"WIRE AND RIBBON F'OR ELECTRONIC DEVICES
AND LAI'_:'S.

2.4 FED STD 151 - METALS; TEST METHODS

3. REQUI REHENTS

3. I IUANLnrACTURER_ AND PRODUCTDESIGNATION

3, I.f WESTERN GOLDAND PLATINUM CO. - .... NICIJS!L 3-VPOF
(VACUUM PROCESSOXIDE FREE)

3.1.2 _ 'tCZL,_ZHSOHCO. ................. WZLDI_i.Z S7].].5

1

I I I II I I iii I II IIIII i ...... _

l_rlCa oal_ _ lmlovi. " "I_ *

BRAZE ALLOYWimClB ?OU:lte_¢ll MI OIBINtIOIB 1 i

_iiJi u¢=i.= liu= -- - 71 AC.-," 28 CU -

+ + + ",,,,_'-- _ .1':-"--'-"_
rr i1 _ o,ll i,,=.,n _ _;._ 13 I _"_SC'

¢==1=l__, _ "' SS268140I o_ 4
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3, REQUI REMENTS_(CONT' D)

3,z
3.2,1 SILVER--- ............. - .............. 70.0- 72.0

3,2,2 COPPER--............................. 27.0 - 29,0

3.2.3 NICKEL................................. 0.5 - 1.0

3.2.4 ZINC'- ........ " ........................ 0.001 MAX,

3,2.5 CADMIUM..... - ......................... 0.001 MAX.

3,2.6 LE_.D-- ...... - .......... - ............... O. 002 MAX.

3.2.7 RtOSPHORUS............. - .......... - .... 0.002 MAX.

3.2,8 CARBON................................. 0.005 MAX

3.2,9 ALL OTHEE]METALLIC IMI_JRITIES HAVING V.P. HIGHER
THAN 10"/ TORR AT 500"C ...... ........ 0.002 MAX- EA.

3.2.10 ALL OT"EI_ HETALLIC IMPURITIES HAVING V.P. LOWER
THAN I0 -/ TORR AT 500°C ............... 0.05 MAX. EA.

3,3 .?=,O,_ti_l.T,,LQ_

3.3.1 WIRE - UNLESS OTHERWISE SPECIFIED, WIRE SHALL BE
FURNISHED IN THE ANNEALEDCONDITION SUITABLE; FOR
SEVERE BENDING AND FORMING.

3.3.2 SHEET - UNLESS OTHE;;WISE SPECIFIED, SHEET SHALL
BE FURNISHED IN THE AS ROLLED CONDITION SUITABLE
FOR STAMPING, RING5, AND PREFORHS.

3.4 WO_KI_ItlCSHIP- THE MATERIAL SHALL BE UNIFORM IN QUALITY_
CLEAN, BRIGHT, AND FREE OF FOREIGN INCLUSIONS, OXIDE,
OR OTHER DEFECTS THAT MAY CAUSEUNSOUNDOR NON-VACUUM
TIGHT BRAZE JOINTS.

3.5 DIMENSIONAL TOLERANCES= INCHES

3.5.1 WIRE - AVAILABLE IN EVEN THOUSANDTHSOF AN INCH
DOWNTO 0.002".

3.5. I, I TOLERANCE
PLUS O_ MINI=IS

• OOl TO .005 INCL. ,0OOI
OVER .005 TO .010 INCL. .0002
OVER .010 TO .025 INCL, ,0005
OVER .025 TO .050 INCL. .0(31
OVER ,050 TO ,080 INCL. ,002
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3. REQUIREMENTS (CONT'D)

3.5 D IMENSIONAL TOLERANCES. INCHES (CONT 'D)

3,5,2 SHEET - AVAILABLE IN ONE-HALF ]HOUSANDTHS OF
THICKNESS DOWN TO 0,001 ".

3.5.2. I WIDTH TOLERANCE
p OaM!NUS

SLIT UNDER 2" O.005

3°5.2.2

•O00U TO ,001 NCL, .0001
OVER ,001 TO ,002 NCL. .0(X)15
OVER .002 TO .005 NCL. .00025
OVER .005 TO .010 NCL. .0006
OVER .010 TO .020 NCL. .OOi
OVER .020 TO .040 NCL, _0015
OVER.040TO .060 NCL. .OOZ
OVER .060 TO .080 NCL. .003

4. QUaLITy pROVISIONS

4.1 CERTIFJCATION - AT= THE DISCRETION OF THE PURCHASINGAGENCY,
THE SUPPLIER SHALL SUBMIT WITH EACH SHIPMENT OF MATERIAL:
(I) A STATEMENT OF COMPLIANCETO THIS SPECIFICATION AND
ISSUE LETTER AND/OR (;2) VARIABLES TEST DATA AS REQUESTED•
THIS CERTIFICATION SHALL INCLUDE THE PURCHASEORDERNUMBER,
QUANTITY SHIPPED, AND ONE OR MOREOF THE FOLLOWINGWHERE
APPLICABLE: (I) LOT NUMBER, (2) BATCH NUMBEROR (3) MELT
NUMBER.

4.2 TEST METHODS(MANDATORYONLY IN CASE OF DISPUTE)

4.2. I CHEMISTRY

4.2.1,1 SILVER AND COPPER ASTM E56

4.2.1.2 PHOSPHORUS ASTM E54 AFTER REMOVALOF
SILVER AND COPPER

4.2. 1.3 CARBON-............. LECO LOW CARBON ANALYZER,

4,2,1.4 OTHERS.............. FED STD 151

4,2,2 CONDITION - TESTING NOT REQUIRED

4,2.3 WORKMANSHIP- VISUAL USING MAGNIFICATION IF
NECESSARY

4.2,4 DIMENSIONS - ASTM FIB OR INSTRUMEN'TAT|ONWITH AT
LEAST EQUIVALENT ACCLRACY

S_26t 140
_m 3 _ 4
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MANUFACTURINGAGENCY DWG.CLASBIFICATIONLEVEL

OIilIIIIAL 0 ILI|TIIIC

_,°,._oo._,o.o°..UHCLA$$1FIEI)r ] 1 _ I
' 5. I _ - THE MkTERIAL SHALL BE PACKAG£DIN NON- I

CONTAMINATING CONTAINERS IN A MANNERTO ENSURESk#"[ I
DELIVERY ANO STORAG[ _ COMPLYWITH CARRIER'S REQIJ- I

LATIONS. I
5.2 _ - [ACH CONTAINER SHALL Br LEGIIBLY NJu_ED OR I

TAI_GEDWITN, BUYER'S SPECIFICATION NUMBER, ISSUE lbCm- I
BrR, ANO SUPPLI [R'S LOT NUHBER_A-I[RE APPLICABL[, I
ADOITIONAL MARKING IS OPTIONAL. I

I

5.3 WIRE - ALL WIRE SHALL BE PACKAGEDON STANDARDSiZE I
SPOOLS. I

/6.

NONE
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FS(II NO. 14213 SS277062
FCO: 880100¢,E -200
TQ CI i nton, GENO Page 1 of 2

: MC2041 Issue E
oat,.: o1/28/u

Tible: Cleaning Process

SHEETz_ex
-' _ __• -- I I !! : LI I .... --] _ _ -- "_ 'liI1___ II -- I I ' _ - - I ] --- _ _:[ :-" _ ! _- LI_

_'l_i_'l I i il I I I Il I l I I, I I,t
-- =_._ _ J, _ _c-,,..;, ,, ,, r_,'" _. _ _--_--- _ .,. -- -----_:_"--------'= .... --__.&i.._

e,r*4
-200 Drawing or Descri pt,ion I_m
Qly Pmrt Number

AR 124A1219PI Acet,one 1

AR SS384049-200 Amyl Acetate 2

AR 48A101581P1 Me'_EyIeemChloride 3

AR 48A101&B1P2 Met,by Ione ChIor ide 4

X 4_J.100661 _mera I UIt,rason i c CIea nin9 5
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1. ( EJUL,

1.1 Scope_

To remove and clean metal l ize from baked and unbaked ceramic parts
prior to sintsrlng.

2. DOCLJMENTS.
mii m

2.1 Re(iui red Documn_.

See sheet, 1.

2.2 Reference DOCUlmntM.

No& appl icsb|e.

2.3 Equipment,.

Bendix Type UC,-1B-2 or equivalent;.

s. Rsq nmecrs.

3.1 Procedure for Unbaked Par_.

3.1.1 Ultrasonic clean per Item 5 for 3 minut_ minimum in Zt_m 2.

3.1.2 Repeat; st_p 1, using freeh_ clean Zt;el 2.

3.1.3 Repeat stelJ 1, using fresh, clean Zt4m 1.

3.1.4 Dip rinse i_1 fresh, clean Tr,ml 1.

3.1.6 Dry, preventing congruence;ion.

3.2 Procedure for Baked Par...._.

3.2.1 Ultraeo_i© clean per 1_ 5 for 3 minutes sin. in Zt;ea 3 or 4.

3.2.2 UltreIM=nic cilean per Zt_m 5 for 3 minuS,es mis. in IS1 2.

3.2.3 Repee_; St_l) 1, using fresh, clean Zt4a 2.

3.2.4 Repea_ step 1, using fresh, clean Ztel 1.

3.2.5 Dip rinse _n 'fresh, clean Item 1.

3.2.6 Dry, prevent, ing contamination.

SECT10NS4. S, ANDS NOTAPPLICABLE.
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FSO4 NO. 14213 SS284775
FCO: 850166GE See Below
DF Fernadez, GEND Issue M
Diskette 1540C-0055C Page I of 3

_ce: 614185

Title : Va cuum Fir ing

SIEET ISSUE INDEX

SHEET 11 1 21 31 I I I I I I I I I I I I
zssuE I . lH lM I I ! I 1 I I ....I , I I_ I I I

CONTROL NO. MATERIAL FIRST MADE FOR

-200 See Para. 3.1 MCI238A
MCI451A

-201 See Para. 3.1 MCI238A
MCI4 5lA

-202 See Para, 3.1 MCI238A
Nel4 5lA

-203 See Para. 3.1 MCI238A
MCI4 51A

-204 See Para. 3.1 HCf081

-205 See Para. 3.1 MULTIPLE

-206 See Para. 3.1 MC2730

-207 ' See Para. 3.1 MC3140

I. GENIAL :

I,I _SCOpe -This specification covers a procedure for removing
unwanted sur face and internal gasses by vacuum fir ing.

2. DOCUMENTS:

46AI0 1568P I ; Argon
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3. PROCEDIRE :

3.1 Vacuum degas in accordance with the following schedule for two
hours minimum and until pmesstvce,, is equal to or less than that
specified below. Maintaining temperature, vacuum fire for an
additional one hour minimum at a pressure equal to or less than
that specified below. Total tiwe at temperature shall not:
exceed 5 hotms. Items shall be ma inrained in a
non-contaminating, not-oxidizing environment while above 50°C .

SS284775-200 800°C + 25°C I x I0-6 Torr

-201 700Oc _+ 25Oc I x 10-6 Torr

-202 575Oc _+ 25Oc 1 x 10 -6 Torr

-203 500°C + 25°C i x 10 .6 Torr

-204 400°C + 25°C I x i0-6 Torr

-206 500Oc _+ 25°C 5 x 10-6 Torr

-207 650°C + 25°C 1 x lO "6 Torr

Vacuum degas in accord_,ice T_ith the following schedule for 10-15
minutes. Items shall be maintained in a non-contaminating.
non-oxidizing environment while above 50°C .

SS284775-205 800°C + 25°C i x 10 -6 Torr
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3.2 Heat: Up and Cool DowT_

temperature below .v _ in accordance wit_ _.e following
schedule:

SS284 775-200 Uncontrolled cooldown

-201 Uncon tr olled cooldown

-202 Uncon trolled cooldown

-203 Cool aC l°C per minu_te to
420°C (on the aver age, any
10 minute interval should
not exceed I°C per minute)

-204 U_cont¢ olled cooldown

-205 Uncon C¢olled cooldown

-206 Uncontrolled cool down

-207 Uncon trolled cooldown

3.2.2 Clean dry argo;_ per 4_AlO1568P1 may be tnle_ below 300°C to
facilitate a_d promote uniform piece item coolinK.

Sections 4, 5, and 6 - NOT APPLICABLE.
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mOI HO. 24213 88284?90
FCOO40362GH See Parts List
G.B. Ma Clellan_ GllND Zssue T
Diskette 051_.-0416& Page I of 4
FKPI -200 NC1238A Dates 06/19/84

-201 HC2649
-_0= MC2965
-203 _1081
-204 MC3140

HetallLsa Speoifioation

PART O P_RT 0 PART I PART | PART i
-204 -203 -202 -201 -200

_ _ _ _ _ _ca:zp_z,o.[ x_....__
_t - Ai - kR SS27?044-.'00 Screen Prin_ 1

Metallise Media

- AR - - - SS349248-200 Screen Pr(ht 2
Hetallize Nedil

X X X Z X 46&_0070a Randling and S_oragl 3

][ X X X 882"/7052-200 Cleaning Process 4

g X X Z X 45AlI528g Hydrogen /icing 8peo S

- - - AN -- 88231343-000 Screen Yrint (
Mekallise Media

X % X - % 46A100669GI Cleaning Pro_e88 7

Aft kit AN AN JUt 124A1229PX Acetone 8

kit AN AN Mt AI 46A101582P2 AnyX Acetate 9

AJt " AN - AN S0306808-200 8and Pain_ 10
Netallise 81urry

AN _t AN Aft _t 46AI02309Pl Nitrogen 11

- JUt - - . S8349247-200 Band Paint 12
Metallise 81urry

.... X 88349404-.200 Cleaning Pro4. 13

kit .... 44A101568P001 Argon, High Purit)r 14

kit .... 88374407-200 Spray, Hetallise lS
Slurry
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3.2._ SOurce control hand paLn,.ed rejects nay be cleaned after parp_.
3.2.1 per Item ? and repalLnted as required. Item 10, II or 'J2
may*be used as required, excessive metallise media may be
remaved using Iaea O or Zten g. Parts may be kept in Item 8
or Item 9 prior to cleaning per ltel 7.

3.3 SPRAY.APPLICATI08

3.3.1 Using t.he equipment of paragraph 2.3.1 and 2.3.3 and freshly
mixed spray metallic media per Zten 1Su metallised piece parts
as required, using nitrogen per Item 11 or Argon per Stem 14
as a propellant.

3.302 Source central hans painted rejects may be cleaned after para.
3.3.1 per Item 7 and raps/need al required. Item 11 and IS
nay be used as required. Excessive netallize media may be
removed using Item 8 or Iaea 9. Parts may be kepe in Its 8
or Item J prior to cleaning per Item 7.

3.4 SET FIRING| ,

Prior to netallise sinter (3;5|, Control No. -200_ -202 -203 and
-204 ceramics nay have a sgr firing Performed vi;h wet hydrogen
per Item 5 for 10. minutes _" 2 minutes at 1495uC "--40uC
using molybdenum boats with mol,Vbdenum or ©era,La rods and
fixtures. A mazimum of (3) s_t firings a:e allowed.

3.s :err   Zz! siam,

All metallised Ceramic parts shall be vet hydrogen fired per
Item 5 for 45 minutes Z 5 3inures at 1495°C--_ 4O°C la
molybdenum boats vith molybdenum or ceramic rods and fixtures.
A maximum of (2} netalllxe sinter flrin,,_s are allowed.

4. OuJ  r,x p  vxsxous,

4,1 Onlesa othe_vLse specified on t_e applicable dravingw the
foiler/nS crite:!a appl/eat

4,1,1 Netalllsing lo acceptable if no inclusions or blisters greater
than .015 disaster or equivals_,t area are evident in good
ligh_ without magnification. Jaagnification may be used to
var l_y limits.

4.1.2 Niniaun renetration to be .010.

4.1.3 After firing metallise ceramics es in Para. 3.5, thQ maximum
all,able stoEage tlse per _ten 3 shall nee exceed 60 daya.



88284790
Immut !
Page 4

4.1.4 The nunber of tapermture cycles and total fine at t_Jnperature
nuet be nin£nized and ZAnited to that required to ns_Antain the
specific metallisation pattern and thickness.

8B_LrZOR S NOT AIJPLZCABLiI.
[

6. _Sr

6°2 Exposure to the high temperm_urex of paragraphs 3.4, 305 tad the
associated tenperature cycZtng wiZZ degrade the strength of the
ceranio body and the bonding surface due to grain grovtb, new
phase generat£o_, nitro-crack gener_tion 8n_ glass bui2d-up cm
the surface.
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FSOJ NO. 14213 SS284790
FCO: 8801'v_E See Par_,s Li s_
K.F. Moore, (_END Page I of 4

: -200 MC1238A Iuue AC
-201 MC2649 Da_e:011261se
-202 MC296S
-2O3 MClOOl
-204 M(;3140
-20E UC3878. "

SClGETZE
Title: Metal lize Specificat;ion

SHEETINI)EX
ii i I ii i iiii i ,

i1 l lll

PART| PART| PARTI PART# PART| PART|
-205 -204 -203 -202 -201 -200

Q'I'Y Q'TY QTY _ Q'rY DII_/PART DESCRTP'rXON

RR RR - AR - RR SS277044-200 Screen Pr int, 1
iletal I ize Media

- - RR - - - SS349248-200 Screen Pr i ht, 2
Meal I ize Midis

X X X X X X 46A100702 Handli no und Storage 3

X X X X X X SS277052-200 ¢ Icanin9 Process 4

X X X X X X 46Al15289 Hydrogen Fi r in9 Spec 5

.... AR - SS231343-000 Scremn Pr in_ 8
Met,ali ize Media

RR AR AR AR AR AR 124A1219P1 Acetone 8

AR AR AR AR RR RR SS384049-200 Amyl Ace'Sa'Se 9

- AR - AR - RR SS306808-200 Hand Psi nb I0
Metal l ize Slurry
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PART_ PART| PART| PART| PART| PART|
-2o5 .-_.._,4-20s -2o2 -20_ -200

N 11x _(_)QP1 DESCRIPTION 1"TEM, Nit,regia "_

- - AR - - - SS349247-200 Hand Paint 12
Metal l izs Slurry

..... X SS34Sk104-200 ¢ Ieaning Prec. 13

AR AR AiR AR AR AR ,:_d_1016681_01Argen_ High Pur;_,y 14

X AR - - - - S_374607-200 Spray_ MetaI I i ze 15
S Iurry

AR ..... SS30680e-201 Hand Painb 16
Metal I ize Slurry

1.1 _.. To establish a procedure for metal I izlng ceramics using
R11 ezing slurry media.

2. DOO.JMENTSANDEiLUIPidENT.

2.1 Required Docun_.ts.

See Porte Li st;

2.2 Reference Document_.

2o3 Equipmen_.

2.3.1 TI It4d t;ype aixer, Viscometer_ or equivalent.

203.2 Sami-oubome_;i¢Krmen printer Olleltak Model 68 or equivalenb).

2.3.3 Microptm model 120 gear pumpor equivalent;_ Badger model 100 XI=
or equivalent;, Teflon _;ubing and fit;tings.

3. PROCEDURE.

3.1 _'_:resnPriM; .Al_li©nl_ion.

3.1.1 Using Mte equipment of paragraph 2.3.2 mhdfreshly mixed screen
prin_ metal l ize media (1tam 1 or It4m 2 or Zt;era IS), metal l ize
pioce parts as requ i red,
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3.1.2 Dry _llized par_ in mn air m_sphere m_ 110°C + 10°C for _+
!,we hours minimum.

3.1.3 If mult,iple screen print,ing is needed to mt, !,he piece pmr1;
me!ali!zm req_irmnt,, paragraphs 3.1.1, 3.1.2, lhd 3.5,,my be
repeated, except, interim air drying my be at, 85vC + 10"C for 1
hour minimum. Only one metal lize sinter (pars. 3.5)" is ml lowed
for cent,tel -201 ceramics.

3.1.4 Source conl;roi screen print,sd rejects mmybe cleaned mf_r pmr",
3.1.1 per It4m 4 or 13 mhd rsprinted es required.

3.2 HmnclPaint, AppI !cat,ion.

3.2.1 Using !,be equilmenl; of paragraph 2.3.1 and freshly mixed hand
paint, metal l ize media. (:tem 10/12 or ]:tem 16) met:til ize piece
parts as requ i red, usl ng m c lean badger or nabl • hs i r brush.
It_a ].1 amy be used as required.

3.2.2 Source cent,tel hand ps!ht,sd rejects mey be cleaned sf!sr I_ra.
3+2.1 per It, am 4 and repmint,ecl ms required. Ii;era 10, 11 or 12
,,mx be used ms requ i red. Excess! ve meta I I i ze nedis my be
removed using Itsnm 8. Pmrts Imy be kept, in Zt,m 8 prior 4;o
cleaning per Item 4.

.z

3.3 SPRAYAPPLICATZON

3.3.1 Us! ng the equilxmnt, of paragraph 203.1 and 2.3.3 and fresh ly
mixed spray metallic medim per Item 15, mo!dill!zed piece part, s
ms required, using nil;rogen per Zt,en 11 or Argon per It,4m 14 ss
a props! lanl;.

3.3.2 Source conl;rol hand pmin_cl rejects my be cleaned mfl;er parm.
3.3.1 per It,am 4 rand repro!ht,sd ss required. It_m 11 and 15 may
be used as requ i red. Excessi ve Mta I ! I ze reedi s max be removed
using It4,m 8. Parts my be kept, in It,m 8 prior to cleaning per
II;m 4.

s.4 ezz:
Prior to metallize sinter (3.5), Cont,rol 14o. -200, -202 and -204+
using Olmmonite cermmics, and -203 and -205 cermmics amy hmve m
eel; firing perforlmd _it;b wel; hydrogea per ]:tem 5 for 10 minutes _+
2 minut,_ ml; 1495 C ,. 40 C. Cont_rol No. -200, -202 lhd 204,
using Ileaco ceramics, mmyhave a set, firing performed lit,h wee
hydrogen per.]:t_m 5 for 10 minutes +_2.minutss st; 1400"(; + 30"¢o
All firing will use molybdenum boats w,th molybdenum or ceramic
rods mhd fixtures. A maximum of (3) set; firings sre ml lomKlo

E-55



i ii

SS2M790
Pap 4
Issue

8.5 METALLTZESINTER_

Conbrol No. -200j -202 and -204j using Oiuoni_ ceramics, and
Conbrol No. -201, -203p and-205 mtal lized csr_ic parts shall _e
mt _ydrogen fired per It;es 5 for 45 alnutes ._ 5 alnutes al; 1495"C
+ 40"C. Control No. -200, -202 and -204, using Wesco ceramics,
s-hall I_1 wet hxdrngen fired per It;es 5 for 45 minutes . 5 a lnut4_
at 1400"¢ + 20"C. All firings will be in molybdenumIx_ats with
aolybdenuls'or cermic rods end fixtures. A Ixima of (2)
aetalllze sinter firings are allomKI.

4. qUALITYPROVISIONS.i t t t i t:

4.1 UnIms otd_erwlso speci_ i ed on the appI icab I• drawl ng0 the
fol lowing criteria appl ies:

4.1.1 Met411izing is acceptable if no inclusions or blisbers grs\:_,er
than .015 di rater or equ i vi I ant area are ev ident; i n good I | gh_
wibhoub mgnificstion, tlagnificution my be used to verify
limits.

4.1.2 Minimum penetration to be .010. "

4.1.3 After firing aetallize ceramics as in Para. 3.5_ the mxiaua
al Ionble storage time per T_ 3 shall no_ exceed 60 days.

4.1.4 The number of _4mperature cycles und total _iM ab _,apera_;ure
mast be e;nimized und limited to that required to maintain the
specifi_ aetallizsl;ton pattern and thickness.

SECTION_ NOT APPLICABLE.

6. NOTES:

_.1 Exposure to the high t4mq)ers_;uresof paragraphs 3.4p 3.5 and the
asso¢iat;ed t;amperature cycl ing will degrade the ebrength of the
ceramic body and _ bonding surface due _o grain growth, new
phase gsnerabion, micro-crack generation and glass bu| ld-up on the
surface.
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-_SU! 0CS(_RIPT'ION ...... ISSU_.... OI_SClltD'f'_" ' ' ' IS ,IJE _(_CRtI'f ION ISSUE 0(SC_lP'tt0N

7#,_ "2_4'Id.' .D4.._._. j.._%_ ....
- _ ¢.: [,RIAt., FIRST
_..;in___'_:)i',,, ...... _Ao!_OR

- 200 SHEET F4c29_¢
-" ,_20]. WIRE _ ROD " _:29¢o_

' -202 ,_.'"'." ' TUJgZNG ........... .. _e.._,_'bcj

I. GENERAL:

I.I SCOPE - THIS SPECIFICATION COVERS 99,99% GOLD SHEET, WIRE,
n_ZNG.

2. DOCUMENTS : NONE

3. _quIRm_NTS:
3.1 MANUFACTURERS

3.1.1 WESTERN GOLD AND PLATINUM CO.

3. i.2 WILLIAMS PRECIOUS METALS.

3.1.3 THE WILKINSON CO.

3,2 MATERIAL:

3.2. I QUALITY - MATERIAL SHALL BE CLEAN, BRIGHT AND FREE
WITHIN BEST COMMERCIAL PRACTICE OF INTERNAL AND
EXTERNAL DEFECTS.

3.2.2 PURITY, BY WT.- ............ 99.99% MIN.

3.2.3 CONDITION - AS COLD FINISHED, NO REQUIREMENTS ON
MECHANICAL PROPERTIES.

3.2.4 DIMENSIONAL TOLERANCES (INCHES) :
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3.2.4 Cone £nued:

3,2.4.1 DIAMETER OF WIRE & ROD:

DiameCer Tolerance
Plus or Minus

Up to 0,010, inel. 0,0002
Over 0 010 to 0.020 incl, 0.0003
Over 0 020 to 0.030 Incl. 0.0005
Over 0 030 to 0,040 incl. 0.0007
Over 0 040 Co 0.050 incl. 0,0008
Over 0 050 to 0.060 incl. 0.0010
Over 0 060 _o 0,080 incl. 0.0015
Over 0.080 _o 0. 150 incl. 0,0020
Over 0,150 to 0.500 incl. 0.0025
Over 0.500 to 0,750 incl, 0.0030

3.2.5,2 THICKNESS OF SHEET OR STRIP:

TOLERANCES
__ickness Plus Minus

Up thru 0,001 0.0002 0,0001
Over 0.001 thru 0,0018 0.0002 0,0002
Over 0.0018 thru 0.003 0.0003 0,0003
Over 0.003 _hru 0.006 0.0004 0.0004
Over 0.006 thru 0,009 0.0008 0.0008
Over 0.009 _h_ 0,025 0.001 0.001

3.2.5.3 TUBING - DIMENSIONAL TOLERANCES SHALL BE
_-D_IGNATED ON PART DRAWING.

4. qUALITY PROVISIONS:

4.1 CERTIFICATION - AT THE DISCRETION OF THE PURCHASING AGENCY,
THE SUPPLIER SHALL SUBMIT WITH EACH SHIPMENT OF MATERIAL:
(1) A STATEMENT OF COMPLIANCE TO THIS SPECIFICATION AND
ISSUE LETTER AND/OR (2) VARIABLES TEST DATA AS REQUESTED.
THIS CERTIFICATION SHALL INCLUDE THE PURCHASE ORDER
NUMBER, QUANTITY SHIPPED, AND ONE OR MORE OF THE FOLLOWING
WHERE APPLICABLE: (i) LOT NUMBER, (2) BATCH NtRd3ER,OR
(3) MELT N[/MBER.

4.2 TEST METHODS (MANDATORY ONLY IN CASE OF DISPUTE)

DW_. _r

SS302235
I ;..r Z o,

i
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4.2.1 PURITY - SUBTRACT FROM 1007. THE SUM OF ALL
IMPURITIES DETERMINED AS FOLLOWS1

4,2,1,1 OXYGEN, NITROGEN & HYDROGEN - VACUUM OR
INERT GAS FUSION,

4.2, I,2 ALL OTHERS ...... SOLIDS MASS SPECTROMETER

OR EQUTVALENT HAVING EQUAL OR GREATER
ACCURACE AND SENSITIVITY.

4.2.2 DIMENSIONAL TOLERANCES - MEASURING I_3TRUMENT
c__ o;a_:INGREADAT_.._TosE-n:L,rr,oF_E

5. PAC_G!NGAND _mL[NG:

5.1 PACKAGYNG " THE MATERIAL SHALL BE PACKAGED IN A MANNER
TO ENSURE SAFE DELIVERY AND STORAGE AND COMPLY WITH
CARRIER'S REGULATIONS.

5.2 MARKING - EACH CONTAINER SHALL BE LEGIBLY MARKED OR
TA'_ITH BUYER's SPECIFICATION NUMBER, REVISION
LETTER AND SUPPLIER'S NAME AND PRODUCT IDENTIFICATION.
ADDITIONAL MARKING IS OPTIONAL..

6. NOTES :

NONE

SS ttl I ._I_1°'°'°3o223s
I s.,,, 3 - ,,

i ,

_
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1. GENERAL:
,,, L i

1.1 Scope - The purpose of this specification is to clean quartz
resonator parts.

2. DOCUMENTS:. None

2.1 Equipment - Ultraviolet Cleaning Box,
Ultraviolet Prod. Corp.
Model R-81 o= Equiv. Lamp

NOTE: Ultraviolet cleaner shall be fabricated from ALZAK
Aluminum and shall contain no organic materials.
Lamp(s) shall be quartz enclosed mercury vapor
lamps with si_ificant emission in the 2536 A°
region.

3. PROCEDURE;

3.1 Insert parts in ultravio£e= cleaner, close cover, energize lamp
and clean for time specified.

3.2 Remow.

4. qUALITY PROVISIONS : HA

5. PACKAGINo AND HANDLING: NA

]_.l, ,;,,ev" ,[_,mov,_., _;T_a ......
" , oATI tnt 7lAl.l

' • ' I .... .,LM_'I_,N,,,_'_, ' ULTRAVIOLET CLEANIN_

UNCLA$$1FIED sc si ......

I _llf. _..... | I: A '_', O,MI L- Bl.. _,., .,.. , Q.OIB I_).N. I,,_., I _)W. lqlltjIl_ '.. '

i ' IIMCI 4¢¢lEll:h AI 14213 SS305131
' ' ' ,e,,I ...... _,i,, oi:- Z

H i i inlll i iii , .i,
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6. NOTES :

6.1 Ultraviolet cleaner shall be maintained, free of contamination
and particles.

SS305131

,|1
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FS(31NO. 14213 SS320609
F¢O: 870420GE See Para 3
J OegelIeke, QEND Tssue T
FW:: SC Reson. Pige 1 of 3

Da_,e: 06/15/87

Title: Adhesive, Poly,aide

Sttr_:TIHOEX
ii i _ I I ii I . --

1.1 Scope, This speci f i cat, on covers s h;gh tempera_,u__ el ect,r i ceI Iy
conductive silver filled IX)lytalde adhesive and s high tmperature
elecf, rically lnsulat;in9 unfilled polylmlde adhesive.

1.2 hrning: This produc_,ms)_ cause skin irri4;a_,ion to sensit;ive
personnel. If (:ont4c_,with skin occurs, washaffect, sd
urea innediately wi_,hsoap and water.

2. L_O_S:

2.1 ASTM01002 - $_,rengt,h prop•rr,,es of adhesives in shear by tension
loadi n9 (m_mI-t_-nmt,uI).

3. _qUIIq3,31TS:

3.1 U!nufsct;urers and Product, i)eeignat,ion

3.1.1 N_lestik Laboratories

3.1.1.1 -200 Ablebond71-1 (¢olr_ductivesilver fi lied) - RdF: SC Rsson

3.1.1.2 -201 Ablebond 71.-2 (Insulating unfilled)
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3.2 Material

3.2.1 Votu_ Resistivity ........... 0.0003 Ohm-ca ux. (-200 only)

3.2.2 Lap shear s&rengbh t;o Alum. - ......... 500 psi minimum (;-200)
1500 psi minimuii {-201)

3.2.3 Viscosity check ...... 1.0-1.4 Orsms/Minu&e (i 60 psi thru s |21
needle 1/2' long (t 25°C (-200 only).

4. Q!X L.PeOVISIgNS:

4.1 Certification. The Supplier shall suhmi_ with _mch shipment of
mm&e;:iml: (1) : statist of ce, pl imnce _o this specification mhd
issue Imtter_ and (2) test;dmta from psrs 3.2 or mddltionml dlts
ms requested, Thl s certi f ication shmt I s Iso i ncI ude the purchase
order number, quantity shipped, and one or more of the following
if available: (1) lot; number, (2) batch number, or (3) melt
number.

4.2 Records.

4.2.1 _- A historical sunmiry containing the cert, i_i©ation data
in para 4.1 and 1;he material properties test, data ms measured in
pmrs 3.2 shall be retained by t,hm Buyer for 5 ),ears from dmt,e of
purchase.

4.2.2 _ - The supplier shall ,mint;sin his&oriceO records of
sacs ouyer let of materiel 'Tor s period of 5 years. Volume
resist;!vity (para 3.2.1)_ Imp shear s_,rength (para 3.2.2),
Vi,gA:OSity (pars 3.2.3) and any other pertinent manufmcturlng
data shall be included in those records. Copies of this &est
data shell be arsi Isble from the manufacturer for esch purchased
lot; of ma&erisl.

4.3 TeS_.' Methods (Mandatory only in case of di spute)

4.3.1 Requlrmn&s pars 3.2 ©hell be tMs&ed st, Buyer's option _o
verify m&erisl.
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4.3.2 Volume Rooistivity

a. Piace two psrsllel strips of plastic tape .25 Cl apart onto
a gleu slide for a length of several inches.

b. Next, place a dnb of the adhesive on the slide between the

1lope atr ipa and squeeze the edh_i ve i n_o 1;he s Iat us ing 1;he
edge of m fist; blade at, a 30-45 angle. Thickness is
control Ied by the edge of the blade r-id ing on the tape.

c. Pool away the tape _nd plac! 1;he specimen in a prehea'r,ed
oven to cure at 1_ C - 160_C for 1/2 hour. Increase
tlperature t;o 275 C minimum and hold for an additional 1/2
hour o

d. After coal ing to room 5empers1;ure, attach leads from a
Wheatatone or KeIv in Br; doe to _he edhe_ ive str ip 2.154 ca
apart and read the ruistance in ohms. If s Whmabstone
Bridge is used, subtract the resistance of the leads.

e. tam the follouing calculation:

R(ola- ca) : R(olm) x Cross Sectional area (el 2)
i i i

Leng1;h (ca)

4.3.3 LaD Shear St_rength - ASTMD1002 for reference only. Use 1/2
inch Overlap with 1 inch wide alulinum sl;rips. Cure specimen
per schedule in pare. 4.3.2.c.

5. PACI(J_QZN(_,AND flAM)EII_:

5.1 Packaaina. The ma_erinl shall be packaged in 1 co syringes s
manner to assure safe del 1very end storage end comply with
carrier's regulations.

5.2 __rk-_'_- s Each container shell be legibly marked or tagged withpec i f i cat ioft number, i ssue Iot_mr and supp I ier Ps name,
.product; designation end data of manufacture. Additional marking
is optbianal.

: 5.3 Storage Temperature: 5°C or less
z

5.4 Shelf Life - Six months from date of manufacture, material shell
_---'_'__used after expiration date.

4. NOTES____L None

z
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AR 46A100670P2 Delonlzed Water 1,,
,,

AR SS3285/_1-200 Phosphonate (Acld) ,,. 2,,
,

AR 'SS329824-200 Potassium Gold Cyanide 3
___ *,

AR SS329823-200 PoCassf.um HY.d_ox£de ..... 4

AR 46AI01567PI Sulfuric Acid _ 5
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GOLD PLATING PROCES;S
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DWGCLASSIFICATION Li[VLL

1.1 _. This specification covers a procedure for gold plating
parts and assemblies.

2. _'UHE_S

See Sheet 1

3. REQUIREMENTS

3,1 Equipment

3.1.1 Gold Plating Console

3.1 2 Containers for gold solutlon shall be polypropylene, polyethylene,

tyson, rigid polyvinyl chlorlde, 81ass or fibeTglass.

3.2 Tolerance

All tolerances sSall be plus 5% minus 04 unless otherwise specified.

3.3 Definitions

All firin8 t_mes specified are ti_es at temperature, Parts to
be sintered shall be preheated and precooled upon entering and
leavln8 the heat zone of the furnaces to prevent blistering and
crackinE.

3.4 Solution Preparation and Maintenance

3.4.1 Mix platinE solution, as follows, in desired multiples:

Mix 80 ml of Dequest 2000 (item 2) with 800 ml of delonized
water (item 1). Adjust the pH to 5.0 - 5.5 wlth a 50_ solution

of potassium hydroxide (18/ML of item 4). Add 24 g of gold
ac potassium Eold cyanide (iuem _) and stir to dissolve. Dilute
to i000 ml total volume with delonized water (item I).

3.4°2 Maintain the solution at 70°C + 5°C and stronEly agitate or
reclrculate to assure a constant flow of solution across surface

to be plated.

3.4.3 Maintain the solution at a gold metal concentration of 3 + i troy
oz/gal (15 to 32 G/L).Item 3 shall be used to raise the gold
content as required.

3.4.4 Maintain the solution at a pH of 5.0 to 6.0 electrometrlcally.
Items 2 and 4 shall be used to adjust pH as required.

3.4.5 Add _tem 1 as required to maintain gold plating solution liquid
level.

OWG

SS329
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3.5 Procedura

3.5.1 Enersize power supply and piace fixtured parts into 10% by
volume sulphuric acid, item 5, activation solution using low
current density and a cathodic mode of ope_ation.

3.5.2 _Lnse in running item 1 for 10 to 20 seconds,

3.5.3 Plate parts at required current density for approximately 10%
of cim required to achieve desired plating thickness,

3.5.4 Rinse in rurmins irma l until ali traces of plating solution
are removed.

3.5.5 Dry to _n_ze cont_n£nat_ou,

3.5.6 Sinter per applicable part drawing.

3.5.7 Replete to desired thickness.

3.5.8 Rinse in running item 1 until all traces of plating solution
are removed.

3.3.9 P_sinter per applicable part drawing,

4. DRAWINGPROVISIONS

4.1 Unless ocharwlse speclf2ed on chs applicable drawing the
following criteria applies:

4.1.I Blisters or lack of continuous coating Eceater than .010
diameter or equivalent area are not acceptable.

4.1.2 Plating purity shall be 99.9% minimum.

Sections 5 and 6 - NOT APPLICABLE.

! ! ] ! ! I llUt'l A cftctcn I 16_ ,,.,. ! ss32v:_.
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=
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DWG CLAS$1FICATION_

1. GENERAL _
.,...

I.I Scope - This drawing covers approved practices for handling
an_ storaEe of crystal resonator parts and assemblies, except
where otherwise specified.

1.2 NOTES: Referenced notes are listed on last sheet.

2. DOC_S :

See Sheet 1.

3. RY_quzRE_rrS :

3.1 General:
, ,,,,,,,,,

Handling - Parts and assemblies shall not be handled unnecessarily
even :.J: approved methods are observed; and when they are handled,
it shall be in a manner to ensure against contamination and mini-
mal damage such as dents, nicks, scratches, chips, etc.

3.1.2 Furnace Materials - Container materials for high temperature
fur_iace applicat£ons are not included in this drawing.

3.2 Handlin_ Materials in. Decreasin a Order of Preference (See Para. 4,1

3.2.1 Containers Manlpulation

Code Code

1 -Aluminum A- Stainless steel tools (see Para. 4.3)

2 - Stainless B - Ceramic tipped tools (see Para. 4.3)
Steel

3 - Glass (see C - Del_in/Celcon
Para. 4. _)

4 - Delrin D - Nylon gloves plus external finger cots
Celcon
Tefzel

C.T.F.E, E - Finger cots
Teflon

i-E_(AI_ F - Nylon gloves
5 - Plastic

(see para. G - Plastic tools (see Para, 4.5)
4.")

H - Plastic gloves

I - Cotton gloves

J - Bare hands

UNCLAS$1FIED I
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3.2.1.1 All containers shall be adequately covered whenever it
is necessary to protect material within from airborne
contamination.

3.2,1.2 Parapet paper may be used in conjunction with other
materials when cleanness as necessar7 without regard
to scratching or slight paper particle contamination,

3.2.1.3 Lens tissue may be used where cleanness is necessary
and where scratch protection from other parts or the
container is desired,

3.3 Ceramic Parts (frame_ and covers) Cod.__._%e

Caution: After gold plating extren_ care should be exercised
to avoid contact between gold plated surfaces and
any metallic surfaces and to avoid scratching or
_amaging these surfaces.

3.3.1 Prior to gold plate 4_

3.3.2 Gold plate thru vacuum fire

3,3.3 Vacuum fire thru f_nal seal AE

3.3.4 After final seal

3.4 Resonator Blanks

All sre&es except etching 3A
Etchin_ 4A

3.5 Braze Ratertal 5£
Prior to use

3.6 Gold Gaskets

3.6.1 Incoming stock thru fabrication in shop _J

3.6.2 Fabrication thru parts in stock Ac

3.6.3 Clean thru assembly 4r.

3.7 Mounting Clips

3.7.1 Incoming thru stock 5J

3.7.2 Clean thru assembly 4_

3.8 Gold Ribbon or Copper Strip _ &old plated

3.8.1 _ncoming thru use 5J

-_IS_I| ,_ ,_ ___> ()_IG CI_|iPIC&TION LEVEL SIZE 1 CON |DI_,NT N'O, _ O_'NU_I_ --

•-I-El _ " UNCLASSIFIED A z,,zz3 _o,SS329986, _.......... ,, ,,
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Code

3.9 Pol¥imide

Caution: Store refrigerated when not in use.

3.9.1 Ali stages 4D, E
or _ only

3.10 Tooling:

Unless otherwise noted all tooling shall be handled and
stored under the same conditions as the parts or assemblies
with which they are used to prevent damage or contamination.

3.11 Containers:

All containers shall be maintained in clean condition at
ali times using one or more of _he following methods:

3.11,1 Hand Cleanin_ - Wash with Alconox (Item 2) and warm water
followed by-_elonlzed water (Item 3) rinse and drying.

3.11.2 Machine CleanlnK - Wash w_th AlcoJet (Item I) and warm
water followed by deionized water (Item 3) rinse and drylnE.

3.11.3 U.V. clean per Item 4.

3.11.4 Clean anodized aluminum containers per Item 9, Schedule A.

3.12 S_toraKe

3.12.1 In-Process Materials - All materials after inspection shall be
stored within mats'rials required per 3.2.1 and contained in
covered containers.

3.12.2 Frame blank assemblies after cure & inspection shall be stored in
an inert gas a_mosphere.

4. NOTES :

4.1 Code number or letter without the word "only" mean, that
material and any of the preceding materials in that table
under para. 5.2.1 are acceptable for use.

4.2 After cleaning, parts shall be blown dry with clean dry
Item 5, Item 6 or air, or spin dried as per applicable drawin8.

,_m 4 o,
, ,
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4.3 Plastic covers are acceptable on glass containers,

4.4 The choice of plastics for handling of parts and assemblies
is very important and each application shall be _horoughly
studied to ascer_ain correct usage, Factors to be considered
are as follows,

A. _ - Plastics that will rub off on a part shall
_used if this marking will not be totally removed
by cleaning, firing or blasting in accordance with
sxlbsequent cleanness requirements.

B. Stability - Thermal and chemical stability are required
t'o the _tent that the plastic will not deteriorate or
deform nor in any way contaminate the material with which
it comes in contact.

""'uu' l'_Ii ) l'Jil_J" _OW_j CL.XU,S,Ca'r,ONLEVit..... I mzt l 'Cooe0oevrNO.I OWOSS329986su,iea ........., ;, , , ....., ! :_IIXfl A r_r_ll:lFl_ A 14a13
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FSCM NO. 14213 S8332871
FCO 820295GB IssUe C
J. Leonard, GEND Pa_e I of 3
Diskette 4814A-0225A Dates 5/7/82
SC/Gm

Gold Platlng Process (Dequest)

P_I_ #
-200
_X _O/PAaT ,DSSCaZ_ZO.

AR 46A100670P2 Deionized Water i

AR SS328541-200 Phosphonate (Acid) 2

AR SS329824-200 Potassiua Gold Cyanide 3

AR SS329823-200 Potassium Hydroxide 4

AR 46AI01567PI SulfUriC Acid 5

Ali SS332875-200 Lead Oxide 6

1.1 _ This specification covers a procedure for gold plating
parts and assemblies.

2. Vocuses_,
See Parts List

3. _oUls_s,,

3.1 Equipment

3.1.1 Gold Plating Console

.
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SS332871
Issue C
Page 2

3.1.2 Containers for gold solution shall be polypropylene,
polyethylene tygone rigid polyvinyl oh_orideu glass or
fiberglass.

3.2 T?leranoe

All tolerances shell be plus 5t minus 0t unless otherwise
specified.

3.3 Sol.U.,,tlon Preparation an_ M_i1_tenance

3.3.1 Nii plating solution, as follows, in desired multiples:

Mix 80 mi of Dequest 2000 (item 2) with 800 ml of deionized
water (item 1). Adjust the pH to 5.0 - 5.3 with a 50t
solution of potassium hydroxide (1G/)(L of item 4). add 24 g
of gold as potassium gold cyanide (item 3) and stir to
dissolve. Dilute to 1000 ml total volume with delonl=ed water
(item 1).

3.3.2 Maintain the solution ac 60oc + 5°C and strongly agitate
or reoiroulate to assure a conmtant flow of solution across
surface to be plated.

3.3.3 Maintain the solution at a gold metal concentration of 3 +
troy oz/gal (16 to 32 G/L). Item 3 shall be used to false the
gold content as required.

3.3.4 Maintain the solution at a pH of 5.0 to 6.0 electro-
metrically. Items 2 and 4 shall be used to adjust pH as
required.

3.3.5 Add Item 1 as required to maintain gold plating solution
liquid level.

3.3.6 Add Item 6 as required _o maintain plating brightness. Level
of lead plated out of solution may be below or approx. 300
pin. (nominal 0.1 graa/gallon).

3.4 P rooed_ re

3.4.1 Plate parts at desired current density and time to obtain
thlokness requlred by applicable part dwg.

3.4.2 Rinse in running item I until all traces of plating solution
are teI_oved.

3.4.3 Dry to minimize contamlnatlon.
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Issue C
Page 3

4. D WZNG PROV:SXONS,

4.1 Unless otherwise speaiZiecl on the applioable drawing the
followlng criteria appllesl

4.1.1 Blisters ot laok of continuous ooat:ing greater than .010
dimmer:sr or equivalent: area are not: accept;able.

4.1.2 Platln9 purity shall be 99.7t minimum.
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FSC2( NO. 14213 88334182
FC0840336(;I -200
D. Hardyu GIUID Issue B
Diskette l194B-O450& Page 2 of 2
rl4Fz SC/RRSOH Dates 07/23/84
ac/ms

Cleaning & Insp, P=ooedure
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3.5 Rinse in running D.I. Water, Itm 7, for (2) minutes minimum.
D.I. Water to be filtered thru a 1/2 micron =illitx_ce filter.

3.6 Clean in Alcohol, Item l, and agitate for (2) minutes minimum.

3.7 Innerse tn hot D.Z. qa_er (65°C mis.), Item 7p for 5 minutes
minimum, that has been filtered thru a 1/2 sillipore filter.

3.8 Spin dry for 15 ssc. minimum, at a terminal velocity 02 7650 +
765 ft./min.

3.9 Oltraviolet (:lean per Iter 5, for 5 minutn minimum per side in
fixture within I um of UV lamp.

3.10 Measure contact angle on one blank fr(x, each teflon fixture.
Angle shall be less than 6° . Blanks used tor this test shall
be recycled thru cleaning before use in p_oduct and shall not
be reused for test samples.

4. INSPR CTI ON t
L__ II I J II _ . I

4.1 Inspect crystal blank at 30z magnification with edge
illumination, to reveal any cracks, chips or channels. The
crystal blank will also be inspected such that the surtac_
topography ii revealed.

4.2 &ny channel' (hole) will be cause for rejection. Any crack will
be cause tor rejection.

4.3 Any edge chip larger than 0.25 in the radial direction will be
cause _or rejection.

4.4 Any scratch which has not been etched will be cause for
reJe_.tion.

4.5 The blank will be free of twinning.

5. HANnLING AND STORAGB z Not applicable

6. _K)TESs
ma_mmIammmmm

6.1 Minimum let size is 6 units.

6.2 Unless otherwise specified, all dimensions are in millimetres.

I
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FSOI NI). 14215 343283

FCI): il?0723GE _/o/b -200
J. DeOelleke, GEND Page 1 of 1
FMF: SLA RES ' Zuue B

Oat4:09/19/87
Parb Class: LtiCL

Ti_;le: Gold Cleaned

Materi s I : SS30223&-201

,J_]T_.S:

1. Clean per 46A100662Q1, Sched. C.
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FSCM NO. 14064 46A923742
FCO840336GE See Parts List
J. Leonard, GEND Issue L
Diskette 5702A-0265A Page 1 of 2
FMF: 20 MHz Reson. , Date: 07/23/84
SIMETRIC

Cleaning & Insp. Procedure

Part #

G1

Qty. Dwa/Part Descriotion Itemw v

AR 124A1105P1 Alcohol 1

AR 46A101581P2 Meth, Chloride 2

AR SS302227-200 Trichloroethane (AIt for Item 4) 3

AR 46A101584P1 Trichloroethylene 4
x SS305131-200 Ultraviolet Clean 5

AR 46A100670P2 D.I. Water 7

1.0 ._:

1.1 _. This drawing covers the process for cleaning and
inspecting crystal blanks.

2.0 DOCUMENTS:

2.1 ReouiredDocuments.

See Parts List

3.o P_B.O_GEgUB_

3.1 Insert blanks in a teflon fixture.

3.2 Immerse in liquid trichloroethylene, Item 4, and agitate for (2)
minutes minimum.
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Issue L
Page 2

3.3 Immerse In methylene chloride, Item 2, and agitate for (2)
minutes minimum.

3.4 Immerse tn Alcohol, Item 1, and agitate for (2) mlnutes minlmum,

3.5 Rinse in running D.I. Water, Item 7, for (2) minutes minimum.
D.I. Water to be filtered thru la 1/2micron millipore filter.

3.6 Clean in Alcohol, Item 1, and agitate for (2) mtnutes mlntmum,

3.7 Immerse in hot D.I. Water (90 - 100°C), Item 7, for 5 minutes
minimum, that has been filtered thru a 1/2millipore filter.

3.8 Spin dry for 15 sec. minimum, at a terminal velocity of 7650 +_
765 ft./mln.

3.9 Ultraviolet clean per Item 5 for 5 minutes minimum per slde
prior to para. 3.10 for sample, and for parts loaded Into
evaporationpaddles.

3.10 Measure contact angle on one blank from each Teflonfixture.
Angle shall be less than 6° Blanks used for this test shall
be recycled thru cleaning before use in product and shall not
be reused for test samples.

4,0 INSPECTION:

4.1 Inspect crystal blanks at 30X magnification with edge
illumination, to reveal any cracks, chips or channels, The
crystal blank will also be inspected such that the surface
topography is revealed.

4.2 Any channel (hole) will be cause for rejection. Anycrack will
be cause for rejection.

4,3 Any edge chip larger than 0,25 in the radial direction will be
cause for rejection.

4,4 Any scratch which has not been etched will be cause for
rejection,

4.5 The blank will be free of twinning,

5.0 HANDUNG _ND STORAGE: N/A

6.0 NOTES:

6.1 Minimum lot size is 6 units.

6.2 Unless other wise specified, ali dimensions are in millimeters.
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WSC)l NS, 14064 46A923763
I'COO30?4?GB , Sea pacts List
D. Racdyt _ 1'sane E
DLsket:te 5705A-026SA pacje I ,of 2
I1_= 20 )(EZ Helen. Dates 11/15/83

polyinlde Application and Curs

, past t
G1

88328609-200 Polytnide 2

Mt 46AlO2309P1 NJ trogen 2

46&lOlSGBPl &rgon 3

1.
1.1 The pucpose of thin pcocsm s Le to bond tabs resonator blank to

the aountLng clips.

2 I SH Parts List

3. p]_CBD01_

3.1 ApplF Iter 1 to clips ueLng clean m_al a_plLoa_oco

3.2 ¥osLt:Lon resonate: blank onto =lips.

3.3 Pecfoca LnAtLal po2yiaide ©uce in a flowLng dcy atnosphetew Xt:en
2 or 3, vith loss _han 75 _ oxygen according to the following
-,oheduZst

a. Beat to 90°C max. at: a cat:e o,," l°C/ninut:e max.

b. Hold at 90oC +- 10°C rsi: 20 +- 5 n/nut:es.

c. Heat t:o 180°C naz. at a case of 2°C/ulna t:emax.
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Page 2

3.3 Cont:Lrsuecl

d. llold at 180oc 4. 10oc foc 20 _ 5 mAnut:H.

e. Beat _o 330oc nax. at a rake of 2°C/minute naz.

f. Uold at: 330oC ± 10oc for 120 -+ 15 nAnuten.

g. Coo1 to 75oC o_ belov before introducing aic to the
cb,usher.
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rSCN HO. 14064 46&923912
FCOS2034%G3 Set Pa:ta Limt
DB llacdy, GZND Issue D
Diskette 03348-0408& ' ]?age I of 5
20 lelz _SON DaLes 6/1/82
sC/0B

/

Bvaporation P_oces. Ho/&u

p_,t? t
G1

AR 124&l105P1 Alc_hoX 1

X 46AI02298P1 o_ PS S_eel CR3 304 2

X 48A1022g?Pl-PE Holy_xlenmu, Una).loyed 3

X 88268095-200 MolykxSen_ 4

AR 46A100670¥1 Deion_zed Watec 5

X 88205980-200 Tungsten 6

X 46A1006 531)1 Cerasi= 7

X 85329988-200 1land1 ing 8

AR 46AI01568PI Ac (jen 9

X 46A100662G1 C2eanincj Process 10

X 4GAl15289 Hydrogen File ll

X 4GA100667G1 Cleaning pcoaeas 12

X 88284775-205 Vacuum FLrlng 13

X S82_4775-200 VaGuum riling 14

AR 8S277000-200 Fluo_oEom (CHF3) 15

AR 8003310 Gold 16

X 85334_82-200 Clean_ng 6 Insp. P_:edures 17

X 88226817-000 Copper OKFC 18

AR 46&102309P1 Nitrogen 19



4GA923912
Issue D
Page 2

I. G_ERkG:

1.1 Socio_, The purpose of this p:ocees is the deposition of a Mo/Au
n a quartz sober,ate.

2. DOCI]MENTSs See Parts List

3.1 Equlx_en_

3.1.1 Vacuum System. The vacuum mystm for Moly/Gold evaporation

shell contsi.n "sorption pumps for rough pulplng and a Cryopump
fOr £ine pumping. This systm shsl_ be capable o_ attaining a
pressure oX 3 x l0 "J tort or less by :eanvJ of the sorption
pt.unpa only and a further [eduction to a p:essure o5 5 x 10 -8
torr or less by means of the aryopump only?. These
requirements shall apply rich the vacuuu syst¢_ eapty and at
room temperature.

3.1.2 Leak,Detector. The system shall have a quadr_#pole type
[-esldual gas analyzer (RGA) and be capable of 0ete(:t[ng sn
It_ 15 (fluoroform) leak of 2 x 20-_ sid cc/se_:.

3.£.3 Bell Jar Furniture S F_xtu_l',g. The bell Jar shill contain
_he £ollowtng equipments

a0 A holder, with evapor.'_tLon masks as necessary t_ support
the substrates.

b. A molybdenum heater capable of heating the substrates to a
temperature of 400°C.

o. An electron beam gun cspab'_e of simultaneously heating the
moly and gold chscges to the tempQratu_e cequl_ed eor
evaporation.

d. A shutter capable oe being operated under vacuum so as to
shield the subst_'atem from the charges.

s. Shields as ._._cessaryt_ ainim[ze the deposition o_
svap3rant on the vacuum chamber walls.

_. An evaporation _onitoc asse_bty tor process control.

g. Rotation flxturlng eor rotating subat_t_1 between
evaporations.

h. rlippLng mec_nlsm for turning parts, so as l:o _porate
both sides of substrates.
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3.2.3 Cleani.n¢ of Masks_

3.2.3.3. p_tor _o fl=s_ use8

a. Degrease pe_ Iaea 10, _ohedule C.

3.3 c!eanl_q Of No/&u,

a. Clean Xtm 4 (_oly) and Item 16 (gold) ;mr Item lO, 8ahedule
C.

b. Dry in Item 19 (Ni_Eogen) oven for 30 _inutes ninimun_

a. Vacuum fi_e Item 16 ((]old) pe_ Zte_ 13.

3.4 p_o_ed,_ e,

3.4.1 _unp Down

3.4.1.1 Load eya_el with proper fixtureet masks and the bio/Au
chs c_es.

3.4.1,2 road a_ystal blanks in fixture. UV clean blanks and fixture
pe_ Item 17.

3.4.1.3 Seal syst_ and pump down _o less than 1 x 10"$ to_r.

3.4.1.4 J_e_ec attaLnLng a (:hambe_ p_essu_e of 1 x 10"6 t:o_r,

ve_Lfy th_ t:hece a_e no extecnal leaks. Leaks la_ge_ thanl.O x lO" sad oa/sea not allowed whllk using X_em 15,
/_luotoforn, (t:::KP3) as a t_oer gas.

3.4. :l pre=e.._.___ltjt

3.4.2.1 P_ael_ the gold charge or addition _:o ohaEge
/

3.4.2.2 H_IntaLn gold and holy oha_gea Inorndesoentt bu_. below
s_gnlflcant evaporation tempecature.

3.4.3 strata Degas t

3.4.3.1 Ralae _empera_ure of subet_a_e to bet:_een 230_ and
270o_, and maln_a_n for 30 minutes =_n. and un_il a
pcessu_e o_ ;I z 10-6 to_ in _eached. Naximum p_essu_s

_ng _empe:ature rAse shall not exceed 8 x 10-6 h.or_. k_
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Ii_lClill, I. 14064 ' 461924940
FCO a.,30747G_ P1
F. Leonard, _O Page 1 of 3

'Diskette 3479A-0173A Sssue N
l_(Ft P._SO_ 5 Dates 11/15/83
SIMETRIC PART CLASS ii UNCL

Fundamental Mode 5 Y,_s SC-CUT
Czystal Blanks

1, GEneRAL.

Scopet This document covers the requirements for
Fundasenta_ Mode 5 MHz SC_ Crystal Blanks made o_
swept quartz.
' t

2. DOC_E_ s Not Applicable

3. REQUIRZMENTS :

3.1 F.Inlshed Blank Frequencies

Pl - The frequency of the C- mode shall be 5.1453 _+ 0.0024
Mils when measured with an air gapper.

Swept Cultured Ouartz, suitable _or high precri, ston
applications. ((]greater than 2.2 z i0°).

3.3 Blank Anqles.of Cut

The blanks shall be cut at the SC-rut angles such that
when resonators a_e fabricated from the finished blanks,
the slope of the resonator frequency vs. temperature
characteristic at the inflection temperature is bet,een
zero and -0.036 ppa per °C, and the inflection
temperature is at 103°C _+ 8°C.
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4.1 BLANK G_FR¥-
,,, |

The blanks shall be piano-convex circular plates with
contoucs between 1.25 and 3.0 diopter, with dianetec
0.5495" + .0000". The flat side shall be not beveled, and

- . 001._"
the blank shall not be marked with a flat. The blank8
shall be contoured on the fast-etch side (i.e. the
negative on compression side). Contour requirement: are
fsc tooling and processing purposes only.

4.2, BLANK SURFACE AND EDGB FINISHt

The blank surface shall be final lapped wit h 1 micrometer
aluminum oxide. The blanks shall be chemically polished
in a solution consisting o_ four parts, by volune, 40t
NH4F and one part 49t HF. After the final contour ing t
tt2e blanks shall be etched between _f = 12 golf and
_[_ f - 15 fof£, where fs " initial frequency in

MH=, ff = final £cequency In _z_, and _f = ff - fs
in KHz. The blanks shall be free o_ chips greater than
0.254 mm and scratches when inspected under intense light
at 10X magnification.

5. P&CKAGI_I_ AND HANDLING:

5ol Crystal blanks are to be packaged to avoid scratches or
chips. Parts should not be allowed to arcade each other
during shipment. Packaging in Fluoroware trays is
suggested. The blanks in each package shall be identified
with the nominal angles of cut, and with one of the
following three contour ranges: 1.25 to 1.75 dioptecw
1.87 to 2.37 diopter, and 2.5 to 3.0 diopter.

6. _rr_s

6 • i APPROVED QUARTZ SUPPLIER:

Sa_,zer Research Products, Inc.
35400 Lakeland Blvd.
Eastlakeu OH 44094
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Page 3

6.2 APPROVED BLANK SUPPLIER:

Piezo Crystal Co.
I00 K Street
P.O. Box G19
Ca¢llsle, PA 17013

6.3 SWEEPING:

The electrolytla sweeping process shall be performea by

Pieso Crystal Co. or Sawyer Research Products, Inc.

E-93



FSCM NO. 14064 46A924943
FCO 820_20GE i Pl

D. Hacc1_, GEND Page I of 1
Diskette 3781A-0182A Issue F
FMF: RESONATOR 5 Datez 07/26/82
SIMETRIC PART CLASS UNCLASS

Clip

LENGTfl: 15,2 . 0.2

WIDTH: I. 52 + 0.02

NOTES:,,

Io MATL. z 46A927253GI

2. Clean per 46AI00662GI.

3. Unless othecwlse specified all dlmens_ons are in mi11_metces,
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• FSCM NO. 14064 46A924945
FCO 810317GE P1
J. Leonard, GEND Page 1 of 1
Diskette 3780A-0182A Issue C
FMFz Reson. 5 Datel 06/10/81

PART CLASS UNCLAS

Gasket Processed

NOTES z

I. MAT.: , 46A926271P1

2. Clean per, 46AI00662G1.
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....!1 . Illlll I I Jl[ JJ[ Iii .1

, rgC_ HO. 140G4 46,t.92'JO?2
IrCO820908G[! See Pa_te ]:,tnt:
D. Ra:dye GIDtD Issue B
Dimket:te ST0?A-02GSA ]Page 2 oE 4
ac/Ga D_tet 0S/06/83

RandILng and 8t:orage

al

AR 46A102231¥_ Oet:el_gent:. tlon-ZonLa 1

AR 46&].017SGP_ I)ete:gent:, AnLon£o Z

AR 46AI00670P2 DelonL zed Wlte_ 3

X I_ 88305131-200 tlN CZean 4,

kit 46&102309Pl HLtro_jen S

klt 4GAZ01568PI A:gom 6

X lq_D-STD-209k Clean Wo[k Station Req. 8

X L,--46AI00G62Q] C1einin<j 9

1. (;l_ti3Xi_:

I.L 8_;_R_A ThLs dcawLng covets approved prao_Lces _or handlLn9 an4
s_ rage o5 _rystal :eaonito: parts an_ aiseabZiea, excep_ where
othe[wLae mpeaLfLed.

1.2 flQTSSm R_erencedl notes iii ZLltd on Zalt ahee_.
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3.2.1.1 &ll containers shall be adequately coveEed whenever Lt is
necessary to protest u_e_ial within free airborne
contamLnatAon.

3.2.1.2 PataPa t paper may bi used in aonju_qtion with othe_
materials rhea cleanness li necessary without regar4 to
solatohing oy alight paper paztiale contamination.

3.3 Ceramio patti (_raaes and severs} cod__..ee

Caut:lonl &_ter gold plating extreme care should be
exercised to avoi_ contact between gol_ plated
au_Eacel and any metallic sur_aceg and _o avoi_
Io_atahing o_ damaging these sui_aoes.

3.3.1 Price _o gol4 p:Late 4m

3.3.2 Gold pIate thEu vacuum fire 48

3.3.3 Vacuum _lre thr_ E/nal _ea_ 4R

3.3.4 &_ter _inal seal- 5,,T

3.4 Resonator Blanks
All stages except etch ing 3A
R tsh i ng 4&

3..q B_aze 14aterlal
P_ior to use 5_

3.6 Gold Gaskets

3.6.1 Incoming stock thr_ _abricatlon in ihep 5_T

3.G.3 _abtloation thou pa_tm in s_ock 4C

3.G.3 Clean _h_u aleembl_ 2C

3.7 Mounting Clips

3_7.2 Inching thou stock: 53

3.7.2 Clean thru assenbl_ 4_

3.8 Gold Ribbon o_ Copper Strip, Gold Plated

3.8.1 Incoming thou use 53

• . I LL__ _Llll •_il__
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3.9 Deleted

3.10 _?olLn_. Unless otherwise noted all tooling shall be handl_
and stored under the same conditions as the parts oc
assemblies with which they are used to prevenb damage ov
c_ntamination.

3.11 C(p_ainecl, Al1 containers shall be maintained in clean
_OmlLtion at: al1 times uaing one ox: more o_ the following
lethOdll

3.11.L _Kan6 Cleaninq, Wash wii:h &1cortex (Ztem 2) an_ warm water
lrOIloweO by dexonlxe_ ,ater (Item 3) rinse an_ _lrytng.

3.11.2 Machine Cleaning, Wash with &loojet (Item 1) and warm water
-_o_ic_ed by delonlse4 wa_er (Xt_,m 3) rinse and (_=ylng.

3.11.3 U.V. clean per _te_ 4.

3.t1.4 Clean anodlle4 aluminum containers pec Xi sm 9, Schl_ule &.

3.1:
3.12.1 In-Pro_es8 Mate_ialst &11 materials a_ter inspection shall

_--_O=e(]_ Within materials required pec 3.2.1 and oontaiT_ad
in covered containers.

3.12._. Frame blank assemblies aE_er au_e and Inspeotlon shall be
sto_ed in an inert gas a_aosphe_e.

4.1 Code number o_ lette_ without the wor_ "only" means that
material and any ct the prece4ing materials in that table _
under para. 3._.I ate accepbable tor _se.

_.2 After cleaning, pacts shall be blown dry with clean d_], Ite_
5, Item 6, or alr, oc spix_ d:le_ al pec applicable d=awlng.

4.3 plastic covers _e acceptable on glass containers.

4.4 The choice o_ plastics fo_ handling ot parts and assemblies
is very important and each application shall be thoroughlM
studie_ to ascertain correct usage. Factors to be considered
are as tollovs,

a. Markinq, ¥1astios that will rub o_ on a part shall not
l_e us_Kt it this nac_tn(.; will no_ be totally remove_ by
cleaning, tirln_ or blasting in accocdanae with subsequent
cleanness re_i=ements.

b. _ Thermal and chemical s_abilltM a_e required to
the eztent that the plastic will not Oetetiorate o_ deform
nor in any way contaminate the material with which it
_rmmmm 4n _nn_a_
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SINETRIC

Prodt,ct Specification, 5 MHz and 10 MHz Quartz Crystal Resonator

i. SCOPE

i.I This document covers the general requirements foe ceramic ,
flatpack enclosed SC -cut quartz crystal resonators. The
detailed requirements are included as addendum sheets.

,.1.2 TYDo Desiqnatlon_ The type designation applies ,only to
resonators meeting all of the requirements of the
specification. The type designation shall be TBD.

2. REOUI RED DOCUMENTS

, _ 46C924934 Frame Processed\

MIL-STD-202E \ Elect. Test Methods

MIL-C-3098F Crystal Units, Quartz, General
Specifications for

MIL-STD-883B Test Methods and Procedures for
Microelectronics

NBS Monograph 140 Time and Frequency_ Theory and
Fundamentals

Igt Publication 302 (1969) Standard Definitions and Methods of
Measurement for Piezoelectric
vibrators operating over the
frequency range up to 30 MHz

IEC Publication 122-1 Quartz Crystal Unit frequency and
2hd Edition (1976) selection Part I_ Standard values

and test conditions

IEC Publication 444 (1973) Basic Method for the measurement of
resonance frequency and equivalent
series resistance of quartz crystal
units by zero' phas& technique in a
Pi-Network.
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FIG. I

E-107



(

46A926172
Issue F

Page 3

3. REOUIREMENTS

3.1 Addendum Sheets. The individual item requirements shall be as

speclfled here_n and ]n accordance with the applicable addendum
sheets. Tn the event of any conflict between this specification
and the addendum sheet, the latter shall govern. I

3.2 Materials. A11 materlals shall conform t_, a government approved
set of product drawings.

3.3 Enclosure. The enclosure shall be a ceramic flatpack with

o-utside dimensions &s specified in Elgure i.

3.4 Nominal Frequeno_ Unless otherwise specified, the term nominal
frequency shall mean the frequency of resonance (of the =c-code =
for SO-cut resonators) when measured at the specified overtone

and when in series with the speclfi_ load capacitor. The
frequency of the resonator shall be within the range specified
when it is excited with the specified drive current and is at
the specified reference tes!_ture°

3.5 Nominal Resistance. Unless othtrwlse speclfle_, the term
reslstance shall mean the load resonance resistance of the
resonant combination of the _esonator in series with the

specified load capacitor _hen measured under the drive
conditions specifled in paragr,ph 3.4. (See IEC 122-1, para.
3.3.8). The resistance shall not exceed the zaxlmum specified
at the temperature specified in para. 3.4.

3.6 Shunt Capacitance. The shunt capacitance, Co, shall be
defined as the capacitance from active termlnaA to active

termlnal at a frequency whlch is low, r than the func]amental
frequency of the resonator and at which the resonator shows no

oscillatlon response. The shunt capacitance shall be wlth_n the
range specified.

•,u E-108
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3.7 Hotlonal Capacltance. The motlonal capacitance, C1, shall be
deflned by the following relation

Cl - 2_Z (co + eL).
Fs

, ,

_F " FL _ Fs

FL - Frequency with load capacitor, CL

Fs - Series resonant frequency

CO • Shunt capacitance

CL • Load capacitance

The motlonal capacitance shall be within the range specified.

3.8 Bondabillty. The contacts on the enclosure shall be suitable
_0r the attachment of leads using the aethod specified in the
addendum sheet. The test procedure shall be appropriate for _he
specified attachment method.

3.9 Shock. The frequency change due to the effects of shocks
recelved as a result of rough handling, transportation and
military operation shall be less than the specified value. The
resistance shall not change by more than the specified value.

3.i0 Vibration. When subjected to the specified test, the changes
in frequency a_ resistance shall not exceed the _peclfied
value. The frequency modulation caused by vlbra_ion shall not
exceed the specified value.

3.11 Thermal Time Constant. The thermal time constant shall be
defined as the time required for the frequency to change to its
static value at 63°C ± l°C after a step change in ambient
temperature from 0°C to 100°C. The thermal time constant
shall not exceed the value specified. The frequency overshoot
shall be defined as the maximum difference betweenthe static
and dynamic frequency vs. temperature characteristics. The
frequency overshoot shall not exceed the specified value.

3.11.1 Thermal Shock. When subjected to rapid changes in
temperature, changes in frequency and equivalent resistance
shall not exceed specified values. Furtheruore, there shall
be no evidence of cracking, chipping, or breaking or any
other damage.

• E-109 ,
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3.12 Frequency VS, Temperature, The frequency vs. temperature
aharacterlstic shall be free from coupled modes over the
specified temp,rakure range as shown by the absence of
deviations greater than the specified amount from the
appropriate polynomlal.

3.12.1 Inflectlon Temperature. The Inflection temperature is that
temperature at which the second derivative of the frequency
with respect to temperature is zero.

3.12.2 Turnover-Temperature. The turnover temperatures a_e those
temperatures where the first derivative of the frequency with
respect to temperature is zero.

3.12.2.1 Upper-Turnover-Temperature. The upper-turnover-temperature
(UTP) is the turnover temperature which is higher than the
inflection temperature. (The second derivative is positive
at the UTP.)

3.12.2.2 Lower-Turnover-Temperature. Thelower-turnover-temporatu_e
(LTP) is the turnover temperature which is lower than the
Inflectlon temperature. [The second derivative is nega_'Ive
at the LTP,)

3.12.3 0 ratln Tem erature. The operating temperature shall be
e ne asta temperature, in the specified region, at

which the maqnitude of the first derivative of the frequency
with respect to temperature is a minimum.

3.12.4 SC-Cut _ The inflection temperature (see para. 3.12.1) shall
be within the range specified. The first derivative (slope)
of the frequency with respect to temperature, when evaluated
at the inflectlon temperature, shall be within the range
specified.

3.13 Resistance vs. Temperature. The resistance vs. temperature
characteristlc shall not have deviations from a straight line
which are larger than the value specified over the temperature
range specified in para. 3.12. The maximum rateof change of
resistance with temperature shall be specified.

3.14 Thermal Frequency Repeatabillty. After the specified
tenperature cycle, the maxlmumfrequency difference between any
two frequencies at operating temperature (see Fig. 2) shall be
less than the specified value.
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3.15 Unwanted Modes. Unwanted modes within 8% of the nominal
frequency (see para. 3.4) shall have a resistance which exceeds
the specified value.

3.16 Resistance gon-Linearity (Reduced Drive Level_. The frequency
and resistance shall not change by more than the specified
amounts when tested as specified.

3.17 Seal. The leakage rate of the resonator enclosure shall not
exceed 10"10 atm - rc/ser, of air.

3.18 Accelerated Aqinq. When tested as specified, the difference in
frequency between the measurements made immediately prior to
and immediately after conditioning shall not e_:ceed the value
specified, and the resistance shall not change by more than the
value specified.

3.19 A_.q!_. The aging rate at the end of the specified time period
shall'not exceed the value specified. The resistance change
shall not exceed the value specified.

3.20 Short-Term Stability. The rms frequency deviation as defined
by the Allan variance shall not exceed the specified value for
all averaging times between and including the limits specified.

2 M-I

(Allan Variance) 2 = _ (_') = 1 _ (Yk+1 - _k) 2
y 2(M--l) k-1

where _ - averaging time

_k = fractional frequency deviation

M - Nuabers of samples

The short term stability shall be measured during the second
week of the aging cycle for informational purposes and during
the final week of the aging cycle to show compliance with this
requirement.

£-111"
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3.21 Ma_k!nq. As per paragraph 3.24 of MIL-C-3098F.

3.22 Workmanship. As per paragraph 3.26 of MIL-C-3098F.

3.23 Quality Faa,tor ,(0). The quality factor, 0, shall be defined as
)

0= 1

where R s is the resistance of the resonator measured without a
load capacitor, C1 is the motionai capacitance and Fs is the
series resonance _requency.

3.24 Nuclear Survivability: The frequency change due to the
specified exposure to radiation shall be less than the
specified value. The resistance change shall not exceed the
specified value.

4. QUALITY ASSURANCE PROVISIONS z

4.1 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 performance of the
inspection requirements specified herein, unless disapproved by
the government. The government reserves the Eight to perform
any of the inspections set forth in the speai_icatlon where such
inspections are deemed necessary to assure that supplies and
services conform to prescribed requirements.

4.2 Classification of Inspection. Inspection shall be classified
Into three categ0_ies as follows,

a. Engineering Saaple Inspection

b. Confirmatory Sample Inspection

c. Pilot Production Run Inspection

' E-112
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4.3 Test Plan__. The contract_,r prepared, government approved test
pla-nm as nentloned herein ace as specified in the contract. The
test plan for each category of inspection itemized in 4.2 shall
be delivered to the government at least 30 days prior to the
scheduled commencement of inspection.

4.4 Enqineerlnq Samples. Unless otherwise specified in the
contract, the engineering sample inspection shall be performed
by the ce,tractor prior to the initiation of fabrication of the
confirmatory samples.

4.4.1 Enqlneerlnq Sample Size. The contractor shall furnish the
nu_bee O_ uni'ts as specified in the contract

4.4.2 Engineerinq Sample Insj)ec.tl0n. The engineering sample
Inspection shall include those inspections included herein to
show compliance with the requirements of paragraph 3.
Inspection results should reflect the technical progress made
up to the time of manufacture and shall be evaluated
accordlngly. Failures shall be analyzed and remedial action
shall be taken to improve the performance of subsequent units.

4.5 Con flrmatory Samples. Unless otherwise specified in the
contract, the confirmatory sample inspection shall be performed
by the contractor prior to the initiation of the pilot
production _un.

4.5.1 Confirmatory Sample.Sis _. The contractor shall furnish the
n_er of units as speclfied in the contract.

4.5.2 Confirmatory sample Inspection. The confirmatory sample shall
be subjected-to the Inspectionw specified in Table Xc All
sample units shall be subjected to the inspections cE group
A. The sample shall then be divided as specified in the
government approved test plan. The sample units shall then be
subjected to the inspection fo_ their particular group. The
aging inspection shall be performed as early as possible so as
not to delay the start of the pilot production run.

4.5.3 Failures. To mlnlmize delays in the start of the pilot
p'roductlon run, failures shall be promptly analyzed and
remedial action taken.

4.6 Pilot Production Run. Pilot production run i,spectlon shall be
performea by the contractor to provide data from which a
realistic quality level may be determined.

E-1! _
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4.6.1 Pilot Run Inspection Lot Size. An inspection lot for the
pi_0t t,n shall o0n"Ist"'0f all units of the same type and
frequency produced during the pilot production run.

4.6.2 Pilot PEoductlon Run Inspection. The pilot run units shall be
aubje_te_ '_o the inspe(:tions spe=Ifled in Tables II, III and
IV. All sample units shall be subjected to the inspections in
Table II. A randol sample taken from all units which have
passed the inspection in T_ble IV, of quantity as specified in
the government approve(] test plan, shall then be selected and
subjected to the tests of Table III. A seaond random sample,
of quantity as specified in the 9overnment approved test plan,
shall be taken frol| units which have passed the inspection in
Table III. These units shall then be subjected to the
inspection in Table IV.

4.6.3 Qqality Level. Based on the inspections from 4.6.2, the
contractor shall provide an estimate, to a 90t aonfldence
level, uf the percent defective of each pilot productAon tun
lot.

4.? Meth0ds 'of Inspectio._nn

4.7.1 T_est Criteria

4.7.1.1 Measurements Before and After a Test. When frequency and
equlvalent resistance are measured before an(] after s test
to determine the ahanve during the test, the _esonato_ shall
be measure(| without a load capacitor with the frequency and
reslstanae measurement normalized to the same temperature +
0o1°C. The drive current shall be the same as the pre
test condition -_ 0.I Lm and the lead co.nflguratlon shall
be Identlcal to the pre test condition Z 1.0 sm.
Measurement at the reference temperature is preferred but is
not _equlred.
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4.7.2 vlsual,, and Mechanical InsPection

4.7.2.1 External. Resonators shall be examined to verify that the
externai--deslgn, cona_:uotlon, physloal dimensions, marking,
and workmanship are in accordance with the applicable
requ irement s.

4.7.2.2 Internal. Contractor shall provide data and unsealed
_natocs, if necessary, to display that internal
construction meets all appllcable requirements.

4.7.3 Nominal Frequency. The nomin&l frequency shall be measured in
a-ccordance wlth IEC publications 302 and 444 or equivalent.
Lead length and configuration shall be considered in the
design of flxturlng in order to maximize the accuracy and
precision of all measurements. The temperature shall be
maintained at the reference temperature _-0.2uC.

4.7.4 Nominal Resistance. The resistance shall be measured in
_ccordance wlth--IBC publications 302 and 444 Or equivalent at
the temperatures specified in para 4.7.3.

4.7.5 Shunt Capacitance, Resonators shall be tested in accordance
w--lthmethod 305 of NIL-STD-202. The capacitance shall be
measured from active terminal to active terminal, see figure i.

4.7.6 Hotlonal Capacitance. The motional capacitance shall be
m--easuredin accordance with IEC publicatlon 302 or equivalent.

4.7.7 Bonds billty

4.7.7.1 Parallel-Gap Weldinq oc Thermo-Compresslon Bondlnq. The
contractor shall attach gold wires or ribbons to the ceramic
enclosures using the specified method. Compliance with the
bondability requirement shall be demonstrated by conpllance
with M_L-STD-883B, method 2011.2, test condition C.

4.7.7.2 Solder. The contractor shall solder the specified wires to
"the Ceramic enclosure. Compliance with the bondability
requlrenent shall be demonstrated by compliance with
MZL-STD-883B, method 2004.2, test conditions A an<]B 2
(flexlble leads).

E-!!5
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4.7.8 h_@3____ The test will be performed in accordance with
M-_L-STD-202, method 213, condition G. The shock pulse shall
be a sawtooth of 50G peak with a period of Ii maec per Figure
2. Three shocks in each direction shall be applied along 3
mutually perp. axes. The frequency shall be measured before
and after the te,t at series resonance in a manne_ specified
in the govecrment approved test plan as per para. 4,7,1.2.

4.V.9 ylbratlon

4.7.9.1 Frequency and Reslstanc_e Offset. Resonators shall be testedin accordance with MIL STD-202, using the method specified.
The following details and exceptions shall applyl

a. Test and measurements be_o_e vibration. The frequency
and equivalent resistance shell be measured as specified
in 4.7.1.2.

b, Test method as 8peoifieds

Method 201 - 2 hours, or

Method 204 -Test condition A, 3 hours.

c. Direction of motion Specimens shall be rlgidly mounted
on the horizontal platform of a vibcatlon machine so
that the applied vibration shall be as follower

i. One-thlrd of the units (to the nearest integral
ntuaber) shall have the direction of vibration
parallel to the line connecting the active terminals
(along the _ axis ,in Fig 1).

2. The same number of units shall have the direction of
vibration perpendicular to the plane o_ the
resonator blanks (along the _ axis in Fig I).

3. The remainder of the sample units shall have the
direction of vibration perpendicular to the
directions specified in 1 and 2 above (along the B
axis in Fig I).

d. Time of traverse of frequency range. 1 to 2 minutes
(method 201).

e, Tests and measurements after vibration. The frequency
and equivalent resistance shall be measured as specified
in 4,7.1.2,

E-1 "16
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4.7.9.2 "2-G e Ti_ver. The resonator, in a suitable oscillator,
Shai1"be rotated lO0 degrees about its three major axis in
increments of 22 5°. . Data shall be taken in pairs with
the oscillator orientation being shifted 160 degrees for the
second measurement in a pair. Maximum frequency excursion
shall be translated into parts per G.

4.7.10 frequency vs_ Temperature and Resistance vs. Temperatures.
The resonator shal_ be measured W_th _he'series loca
eapacltor specified in a government approved test set. The
load capacitor shall have a temperature coefficient less than
100 ppm/°C. The temperature of the resonator shall be
varied so as to traverse the temperature range of +30oC to
140oC. The rate of change of temperature will not exceed
1.0°C/minute, rrequency, equivalent resistance, and
temperature shall be recorded continuously or at intervals of
not over 0.2oc. The inflection temperature and upper and
lower turnover temperatures shall be determined by a least
square fit to a cubic equation. The operating temperature
(To) shall be determined f_om the least square fit
coeffioients.

4.7,11 Thermal Frequency Repeatability. The crystal resonators
sha[1 be subjected to the temperature cycle of Fig. 2.
Thermal equil,lbrium shall be achieved at each operating
temperature (see para. 4.7.10) segment of the cycle. The
thermal frequency repeatability shall be defined as the
difference between the highest and lowest of the operating
temperature frequency measurements.

4.7.12 Unwanted Modes. Unwanted modes shall be measured on a
_overnmen_ approved test circuit of the bridge or Pi type.
The test shall be performed at room ambient temperature. A
frequency of ± 12t of the nominal frequency shall be
swept. The resistance of the "b-mode" shall be recorded for
informational purposes.
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4.7.13 The:roll Time constant/Thermal Shock_ The resonator, in
equilibrlum at O'°CZ I°C shall be rapidly (lens than 0,5
aec) i_ersed in a suitable liquid bath held at lO0°C
lOC. The frequency shall be recorded every 0.1 sea. The

time _equi_ed for the frequency to change to its value at63°(:- lR shall be recorded as the thermal.time

constant. The difference between (fmax " f_00 ) and

- f:00)_ shall be recorded as the frequency overshoot,(flap
where flap is the frequency at the lower turnover point,

f].00sis the static frequency at 100°C, _00 ia the
frequency at 100ct, measured three minutes + I0 ssc after

immersion into the lOO°C bath, and 'faax is _he maximum

frequency recorded during the warmup teat.

4,7.14 Seal. The sealed resonators shall be tested for heraetiaity
according to MIL-STD-202, method 112, test condition C,
procedure Illb. The specimen in its ccmpleted state shall be
placed in the sealed chamber which is then pressuriled with
Krypton 85 gas for the length of time p=eacribed in the
government approved test plan. The specimen shell then be
removed from the chamber and the internal content of
radioactive gas shall be determined by the radioactivity
counter, and then translated into terms of leakage _ate.
Upon completion of this procedure, the specimen shall be
checked for gross leaks in the method specified in the
government approved test plan.

4.7.15 Resistance Son-Linearity (Reduced Drive Level). The crystal
units eha_l be cOnditioned lIcr a temperature 0f at least
I05oc for a duration of at least 1 hour. After
conditioning, the units shall be stored at room temperature
for 3-6 hours. Measurement of the resonant frequency and
_esistance shall be made at no f.ewer than 4 drive levels
between 5 microamperes or less and the rated drive level.
Thu levels shall be chosen at nominally equal intervals on a
logarithmic scale. The sequence o_ measurements shall be
from lowest drive curz'ent to highest drive current. The
crystal unit shall not have been operated _rom the beginning
of the conditioning period to the start of the frequency and
resistance measurements at the lowest drive level.

4.7.16 Accelerated Aqinq. Resonators shall be measured at series
_e'i3_-an-_'-/3_-'_'_uency and equivalent resistance. The
resonators shall then be conditioned at ].20oc fcc 168 hours
-+ 4 hours. The units shall be measured aqaln for frequency
and resistance as per paragraph 4.7.1.2.
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4.7.17 _ Only resonators having passed all previous
inspections shall be included in this inspection, mquivalent
series resistance measurements shall be made prior to
inserting the crystal resonators into the oven and after
removal from the oven on completion of the test. Each
crystal resonator shall be operated at its operating
::emperature _see para. 3.12.3) for a frequency stabilizaton
_eriod befor_ starting data collection. The stabilization
period shall be 48 hour_ and the oscillator oven shall be
stable to at least 0.01°C. The frequency of each resonator
shall be measured immediately _fter the stabill_ation
period. The resonators shall be operated at the operating
temperature for an additional 4 weeks. The frequency of each
resonator shall be measured daily. The data obtained shall
be least squares fit to a TBD aging model. The aging rate
per day at day 30 shall be determined from the first
derivative of the aging expression.

4.7.18 Short Term Stability. The short term stability shall be
measurad in a manner specified in the government approved
test plan. See NBS MONOGRAPH140, Chapter 8.

4.7.19 Quality Factor. The quality factor, Q, shall be calculated
using room temperature values for Ps, CI, and R s.

4.7.20 Nuclear Survivability. The crystal resonators shall be
tested in accordance with MIL-STD-883B, method 1019 (or
resistance to steady state total dose irradiation. The total
ionizing dose shall be delivered in as near as 10 seconds as
practical. A steady state gamma ray source whose photon
energy is approxi_,tely 1 mev, such as a 60 Co source shall
be used. An acceptable option is an electron source whose
beam energy Is between 1 and 15 mev. The use of pulsed
ioni&ing irradiation source3 to accumulate the total ionizing
dose is not acceptable. The total ionizing dose shall be
103 to I04 rads (Si).

i
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Confirmatory Sample

Znspection Para.

Bondability 3.8

Mater ials 3.2

Enclosur • 3.3

Seal 3 .!6

Characterize 3.4, 3.5, 3.6, 3.7, 3.23

Accelerated Aging 3.18

Characterize 3.4, 3.5, 3.6, 3.7, 3.23

• Unwanted Modes 3.15

• Frequency and Resistance vs. Temperature 3.12, 3.13

•*Thermal Frequency Repeatability 3.14

Characterize 3.4, 3.5, 3.6, 3.7, 3.23

Thermal Time Constant and Shock 3.11

Inspect 3.11

Characterize 3.4, 3.5, 3.6, 3.7, 3.23

Charazterize in Ehv. Fixture 3.4, 3.5

Vibration 3.i0

Characterize in Env. Fixture 3.4, 3.5

Shock 3.9

Characterize in _nv. Fi_ ure 3.4, 3.5

Aging 3.19

Short Term Stability 3.20

Nuclear Survivability 3.24

Characterize 3.4, 3.5, 3.6, 3.7, 3.23

*Tests may be comb/ned where applicable.

i J
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Pilot Productinn

Inspection . Pata_____.

Bondabl_ te, y 3.8

Materials 3.2

Enclosur • 3.3

Seal 3.16

Characterize 3.4, 3.5, 3.6, 3.7, 3.23

Frequency and Res'f.tance vs. Temperature 3.12, 3.13

Characterize 3.4, 3.5, 3.6, 3.7, 3.23

Group "A" Samples

Accelerated Age 3. IB

• Freque,_c_ and Resistances 3.4, 3.5

Unwanted Modes 3.15

Frequency + Resistance in Env. Fixture 3.4, 3.5

Vibration 3. I0

Frequency + Resistance in Ehv. Fixture 3.4, 3.5

S hoc._ 3.9

Frequency + Resistance in Env. Fixture 3.4, 3.5

Characterize 3.4, 3.5, 3 6, 3.7, 3.23

Group "B" Samples

•Thermal Frequency Repeatability 3.14

•Thermal Time Constant and Shock 3.11

A_lnq 3.19

Short Term Stability 3.20

Nuclear Surviv_billty 3° 24

Characterize 3.4, 3.5, 3.6, 3.7, 3.23

_h_ee tests may be combined where applicable.
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46_926246
FSCJ4 NO. 14064 P1
FCO820120GE Page 1. o_ 1.
O. Leona;ccl, GF,ND
Diskette 4329A-0210/_, Zsaue D
]Lq4F: R_SObl,5 ' Da_.e: 03/08/82
s[HETRIC

Cove I_

D_.a.: 19.0 + 0.1

ThJ.aknesa: 1.0 + 0.05

NOTES:

I. Ha_ec[al: Ceraalo, 94_ Alumina T_pical (93_ mJ.n£mum fo_
_efe:enoe only)

2. APPLIED PRACTICES s 9900000

3. Pa_ts must be eree Of cracks and pits g_ea b-er than 0.025 in any
direction.

4. Top and botto_ suE_a=es to be fla_ and pa_allel w_thtn 0.025.
Top and bottom su_aces to have a fLnlsh of 0.8 m_o_omet_es.

5. Ali dlmens_ons ace in m_111_etres _nless otherwise spec£FiQd.

6. Appcoved Suppllec:

• • '7

,_I¸
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IPSCNHO. 140G4 46A924271
/'CO830151G!1 PI.
D. Hardy, G]_TD Page I o_ 1
DLnkette 4331A-0210A :Issue II
FI4F8 ES(X1 S Dater 03/28/83
SZKWI']_IC pAK_Lb Ct,kSSs L_C_

Gsske_

O.D.s 17.25 - 17.35

:E.D.I 17.0 . 0.1m

He?Be t

1. Hate_lalt Per 8003310, .010 + .001 inohes I:hlok.

2. Unless othe_viae speol.fied alL1 d£mensions are in millimetres.

3. Appl.ied Pcact.ioelt 9900000 ..::
....

4. All d_menstons aEe for tooling pucpoaes only. Sevo=e twists,
burrsu kinks and scratches ace not. allowed.

5. Paokage to prevent damage. Only oorcoelon resistant materials
Bay cone.act: gasket in sre:age.

6. O.D. to be con(:entrlc to I.O. wi_:hin 0.025.

?. Approved Supl?l/er,

Wtllianm PrecLoue 14eta18
Be/' fa],o, NY
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nO(. Nn. 14064 4&A926845
1_O820033GR Pl
D. 81L_dy, GRND Page I of 2
D_Ikette 7578&-0324_ Issue D
8 _)OITRIC Dater 01/19/82

FART CLASS J UNCT,

Third Overtone 5 )file AT-COT
CrystLL Blanks

8aopet Thin document severs the requirements for thir4
.... overtone 5 MHz AT-COT C_ystaI Blanks made of swept

(luartll,

3..i_C_lEtlTSs )Icr &pplJ.cable

3.2 Finished D,l.a,nk_ F_equencies

Pl - The _equency shall be 5.1237 _+ 0.0007 MHz when
seasuxed vt._.h an aLt gappe¢.

3.2. n_LANK,HATER!AL_

9vept Cultured Quartz, suitable for high pceaisLon
aL:11L:)lLoatLons. (Q great:so than 2.2 x 10").

3.3 _lank Anq!es of CUt

_e blanks shall be out aL the AT-cut angles such that
. 0o ,_ 2o', an.d.the(_- angle ts such thatvhe9

[esonaco[s ase Eanr_oated from the fLnLshed b2an_a, the
uplpe_ turnover of the resonator frequonoy vs. tempera_.ure
oharauterlstio Le betvaen 91oC and 99°C.

,,, ,,,, ---- ,,, ..... -.......
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The blank8 shall be plane-convex oi[oular plated with 4.25
dioptec oontoLL_ lhd with diameter of 0.5495" + .0000 t.

- • 0015"
The flat side shall be not beveled, and the blank shall
not be marked with a flat.

The blank su_£ace shall be final lapped with I mLarometez
aluminum oxide. After the flna2 contouring the blanks

shell be aheniOtLLly polished in a solution o£ saturated
ummonium bifluoride an amount that i8 between _ e - 12
_off and /% f - 15 foJ_f, where fo = initial
frequency in MHz, ff - _lnll erequency tn MHz, and _f -
ff " fo Ln KHz. The blanks shall be fcee oE chips

reate_ than 0.254 am and scratches when inspected under
ntense light at 10X magnieication.

5. .A Lz lo,

5.2 Crystal blanks are to be packaged to avoid scratches or
chips. Parts should not be allowed to abrade each other
during sbtpuent. Packaging in Fl_orovare trays is
suqgeated. The blanks in each package shall be identified
with the nomirm2 angles of out.

PreutuR 0 Swept Ouaztz manufactured by,

8a_er 1_esea_cb P_oduote, Xnc.
354_0 Lakeland Blvd.
&ast.take p OB 44094

6.2 AP_ BEJ_K 8_OPPLI,ER|

Colorado Crystal Corp.
2303 West 8rh St.
Lovelandw CO 80537
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The blanks shall be plane-convex circular plates with 2.5
diopte_ contour _nd with diameter of 0.5495" + .0000"

- .0015"
The flat side shall be not beveled, and the blank shall
not be marked with a flat. The blanks shall be contoured
on the fast-etch side (i.e. the neqattve on compression
side).

,.2. n ,K SUMACS en(;e rxsXsus

P_: The blank mu[face shall be final lapped with 1
micrometer aluminum oxide. After the final contouring
the blanks shall be chemically polished in a solution
consisting of _our parts, by volume, 40t _I4F and
one part 49t HF an amount that is between _f - 12
fogE and _f = 15 _o_, where t o - initial
f_equenay in /_iz, f_ = final _ecluenay in ,_Olz, and

_e = fe - fo in KSz. The blanks shall be free o£
chips greater t_an .010" and scratches when inspected
under Lntense '.tght at 10X maqnl_ication.

P__: The blank surfaces shall be _inal _apped and contoured
witll 1 micr_lteter aluminum oxide and shall not be
etct_ed after lapping. The blanks shall be f_ee of
chli_s great_ than .010" and scratches when t nspecte_
und!_r intense light at 10X magnification.

5. PACKAGING AND HAHDLINGI
' J' ' ' I ..........

5.1 Crystal blanks a_e to be packaqed to avoid scratches or
chips. Parts should not be allowed to abrade each other
during shipment, Packaging In Fluorovare tc_¥s is
suqqested. The blanks J n each packaqe shall be iden_lfle_

with _he slopes at _he inflection temperatute.(zero to-L
x 10 "o, _r -I x 10 "° t R -2 x 10 "8, _r -2 x 10 8 to-3 x lO -e, or -3 x lO "e to-4 x lO- per °C.)

6. _OT_S.._..__L_
I

SauCer Research Products, Inc.
3_4_0 Lakeland Blv_.
gastlake, OH 44094
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4.1 BLANK GEOMETRY:

The blanks shall be piano-convex circular plates with 2.5
diopter contour dnd with di_eter of 0.5495" . .0000"

- .0015"
The flat side shall be not beveled, and the blank shall
not be marked with a flat. The blanks shall be contoured
on the fast-etch side (i.e. the negative on compression
side).

4.2. BLA.NK SURFACE....AND EDGE FINISH:

P_!I:The blank surface shall be final lapped with 1
micrometer alumlnum oxide. After the final contouring
the blanks shall be chemically polished in a solution
consisting Of fOUr _arts, by volume, 40% NH4F and
one part 49t HF an amount that is between Llf = 12
foff and Z1f - 15 fo_f, where £o = initial
freq,;_ncy in MHz, ff - elnal frequency En L_Hz, and

Z_f _ ff - fo in KHz° The blanks shall be free of
chips greater t_an .010" and scratches when inspected
under intense ".ight at 10X aagnl£ication.

P22: The blank surfaces shall b_ final lapped and contoured
with 1 micr_3eter aluminum oxide and shall not be
etched after lapping, The blanks shall be free of
chips greater than .010" and scratches when inspected
under intense light at 10X magnification.

5. PACKAGING AND HANDL_ING=

5.1 Crystal blanks are to be packaged to avoid scratches or
chips. Parts should not be allowed to abrade each othe_
during shipment. Packaging .in Pluoroware trays is
suggested. The blanks J.neach package shall be identified
with }he slopes at _he inflection teMperature._zero to -1
x l0 -° , _r -I z 10 -0 t_-2 x 10 -°, _r -2 x 10 o to-3 x 10-0, or -3 x 10 -0 to -4 z 10- per °C.)

6. I_rBS :i "''

!

6.1 APPROVED C_._Z S .UPPLIER_

Sawyer Research Products, Inr.
35400 Lakeland Blvd.
Eastlake, OH 44094
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602 ,.J_PPROVgDBLANK SUPPLIRR:

Piezo CcystaI Co.
100 K Street
;_.0. Box 619
Ca_isle, PA 17013

6.3 SWEEP1NGz

The electrolytic sweeping process shall be performed by
Ptezo Crystal Co. or Sawye_ Research P_oduc_s, Inc.
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1_OI. NO. 14064 4GA926g_22
FCO830291G3 Pl.
D. llar4y, _ Page I of 2
Oizkette 78STA-O329& _ssue 3
F_: _ 10 Date: 0S/05/83
811tln'RIC PJU_ _s

ThLcd Ovtttone 10 NBs J_-out
¢[ynl_ alamk8

8oopet 2'bin document covers ,':he cec_t:ements _oc 10 MBz 3cd
Ovectone &?-cut Ccystal Blanks made of swept qua[tz.

2. DOCUI41_S: Not Applicable

3.1 F inLshed B18nk frequencies

P2 - The frequency shall be 10.0334 MHz 4' 0.0027 MBz
vh_ memmured with an air gappec on the 3Ed ovecto_e.

3.2. S[_lg NATZRIA_
_, • ,,,, , , _

Swept Cultured Quartz, suitable for high.pcecistonapplLcAtions. (Q greater than 2.2 z 10o)

3.3 Blank Ano_.es qf Cut

The blanks shall be cut at the AT-cut angles such t.bat_
• 0o + 20', and the _)angle is suoh that uhen
[esonatots ale fabricated E_:c_ the Elnished blank, the
uppoc tucnover teaperatuces ac: at 95 ° + 4°C.

4. P vxsxc s,
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4.1 m

The blanks shall be plane-convex circulac plates with a
0.5 diopter contours and shall have a diameter of 0.5495"
+ .0000 m. The flat side shall be not beveled, and
- .0015 °
the blank shall not be marked with & flat. Contour
requirement LS foe tooling and processing purpose_ on_y.

4.2. BLANK SURI_&CB AND BI)GR FINISH:i i li - - --

The blank surpass shall be final lapped with t micrometer
aluminum oxide. After the final contouring, the blanks
shall be chemically polished in a saturated solution oX

ameoniun bifluoride (HB4F RF)e between _8 _1 = 12foff and lh f - 15 fell, where _O = lniti
frequency in HHz, ff = _in81 f_equency in )4Rx, and
f = ff " fs in RRa. T_e blanks shall be _tee of chips
9reatec than 0.254 mm and scratches when inspected under
intense light at 10X magnification.

5. P&Cr_GING _ S_DLIHG:

5.1 Crystal blanks a_,- to be pa_:_,kaged to avoid _ccatche8 or
chips. Pa_ should not b_ allo_ed to abrade each othec
duci_J shipment. Packaging in PluOrow_e tr_,ys is

wiF.Jisuqaested" The blanks in each.package shall ,be identifiedthe nominal sng lee oX cut

Premium Q Swept Ouart; nanufactuted b_s

Sawyer Research Products, Znc.
35400 Lakeland Blvd.
Baatlake, OB 44094

Colorado Crystal Corp.
2303 West Sth St.
Loveland, CO 80537
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FOOt MO. 14064 46A926977 '
Ft082037gMlB Pl
D. Hardy, GmID Issue B
Diskette 8088A-0339A Page I of 2
i_Urt Reson_ 5 Dater 05/17/89

PART ¢L_S s 0MCL

Holybdenun Ribbon

1.1 This specification covers a high purity povder metallurgy
molybdenum r £bbon.

2. pOC_S

2.1 AKS 7800 - Holybdonum Sheet, strip, and plate povde_
netallurgy, sintered, stress relieved.

b

3._ __3teriaX PCoduce[a

'J,l,1 ka_._x Specialty Metals Corp.

3.1.2 Gene[81 Electric Co., Lamp pairs and equipmeh_ sales operation.

3.2 Fab.[_cators. lab[Jester shall use material from above producers
on'_y and ohal_ meat all requiraaent| of this opecLfioation.

3.3 _terial - Pec _-_ 7800

3.4 Thickness- 0.0007 +_ .0001 inchss

3.5 _ - O.OGO _ .0008 inches

4. O_ALIT'tPBOVXSX_r_

4.1 _ At the discretion o_ the Pucchasing Agency, ths
supplier shall submit with each shipment of material: _1) a
statement of cc,epliance to thio specification and issue letter
and/or (2) Variables test data as requested. This certlfi©ation
shall include the purchase order nunbe:p quantity shipped, and
one or more of the £ollowing if availablet (i) Lot number, (2)
Batch nuabe[, or (3) Melt: number.
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4.2 Test Mel_h,ods (Mandatory Only In Case of Disputa)

4.2.1 Sea IMS 7800

s. li,-' xGxu

$.1 _ The material shall be packaged In a harmer _:o ensure
aa--a_e-delivec¥ an_ sto_age and comply vith (_atrLs_'s cegulatLons.

5.2 _ ]tach oontaLner shall be legibl¥ Iurked or tagged with
_r-'8 specification nunbe:, Issue lette: aria supplier's name
and product desLgnatlon. &ddttion81 u:king Lm optional.

6. _t Nona
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FSC:N MO. 14213 4£]k927146
1_)820112Gli P1
D. 8acdy, GStlD Zssue &
Diskette $]L23&-0374& Page I of 1.
Ir_s RBSOtl 4. Dates 2/24/82

,- TI_I_ SC/_ P_T C_.SSS OtqC

Crystal _lanks

1. Na_:l: 46&S2684GPI t_e_ects
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FSC_4 NO. 14064 46A927252
FC082033_GE G1

DB Hardy, GEND Issue A
Diskette 9466A-0385A Page 1 of 1

Date: 5/18/82

Gold Plating P_ocess fo_ Molybdenum Ribbon

Dssc.IPTIO.

AR 46AI00670P2 Deionlzed Water 1

AR 46AI01576PI Hydrochlor tc Acid 2

AR 46AII5050PI Nickel Chloride 3

AR SS332871-200 Cyanide Gold Plating Spec. 4

1. GENERAL:

I.I This specification covers the plating process used on molybdenum
ribbon for use in resonator assemblies.

2. DOCUMENTS :

2.1 See Parts List

3. REQUI REMENT S:

3.1 Preparation of Materials

3.1.1 Prepare a nickel chloride strike bath of the following
compos i_ ionz

240 gins Nickel Chloride Item 3
86 ml MC1 Acid Item 2

1000 ml DI Water ' Item 1

Bath should be premixed prior to use so there is sufficient
time for the bath to cool to room temperature at time of use.

3.2 Procedure

3.2.1 Plate it_ nickel chloride strike per 3.1.I for 60 seconds +_
l0 seconds at a current density of 100 +_ 20 mA/cre 2.

3.2.2 Rinse in DI water per Item 1 for 1-2 minutes.

3.2.3 P_ate in gold bath per Item 4.
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PSCM RO. 14064 46&927253
FCO8209 88GE G1
DB Bar_y, GEND IsSum B
Diskette 9536A-0385A Page _ of 2

Date:l 3/16/83

Molybdenun Ribbon Plated

AR 46A926977Pl Molybdenuu Ribbon i

X 46&I00662GI C_eanlng Pco,_. 2

X 46A115289 Ryd rogen Fi_e 3

AR 46A927252GI Gold Plating P_o_ 4

X 46A925072GI Rand and Sto= 5

X 9900000 Cen. Meg. Req. 6

1.1 This speci_Icatlon covers the preparation ana platlng of
molybdenum ribbon for use as clips _n resonator assemblies.

2. uocu, ,.S:

2.1 See Parts List

3• pROCEIXJRE t
__ 0

3.1 Ult_asonLc clean per Item 2, Schedule C.
0

3.2 Dry hydroqen _i,re per _tem 3 at 900°C 4" 25°C for 20
minutes 4" i0 minutes.

3.3 Plate per Item 4 to a thickness of 20-80 microlnches.
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3.4 Dcy hyCrogen slnteE pec Item 3 b_, increasing the temperature to
575oc +_ 25oc at a rate o_ 5°C/m£n. maximum, then
Lno_ease the temperature to 900°C +- 25°C and fire Eor I0
Minutes +- I Iinute.

4. OU_J_XTY pROVISIO_Ss

4.1 Genazal. Unless othe_wlse spealfled, a11 criteria apply to the
_oaposlte plating (nlckel and _old).

4.2 Visual. Plating shall be bright, smooth, and free from exposed
_ase metal, blisters, pits, and Indlcatlons og bu_nin9 when
examlned by the unalde(] eye.

4.3 _ Gold shall be 9%.7_ _old mln.

4.% Thlakness. 20-80 microinahes
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FSC)(tK). 14064 46A927742
FCOe20988GE G1
D. Rardy, GEND Page 1 of 3
Diskette 1991B-0462A _ssue A
F,_,_s 5 MHz Reson. Dater 03/16/83

Blectrc_ling a Sealln_j Process

i. GENERAL:

This doaument defines a procedure to Glean. tune. and seal large
_ormat quartz crysta_ resonator flatpacks.

2. _poCuHmvrss

5305131-200 Ultraviolet Cleaning
43283-200 Gold Cleaned

46AlO2309P1 Nitrogen
46A101568Pl Argon

* _6A101569P1 Oxygen

3. ,KEQUIREMENTSs

3.1 Loading Chamber. The loading chamber shall be all metal
(except O-tings in valves and pump) and contain a cryopump. It
shall be capable of 5 x 10 -8 torr oc less. These
requirements shall apply with the vacuum system empty, at coam
temperature.

3.1.1 UV clean cover gasket assemblies and each elde of the
frame/blank assemblies for 5-6 minutes per Dvg. SS305131.

3.1.2 BackfIAl the loading chamber with drf nltrogen,
(46AI02309PI), or argon, (46A101568PI).

3.1.3 Place parts into Loading Chamber.

3.1.4 Pump Loading Chamber to 1 x i0-5 torr or less within 40
minutes of first exposure of parts to atmosphere, after
cleaning per paragraph 3.1.1.

3.1.5 Introduce 1.0 . 0.25 Torr Oxygen, (46AI01569PI) to the
chamber. Subject the parts to 8.0 - I0.0 minutes short
wave-length u/v, then 10.0 minutes mis., long wave-length
u/v to kill the O3. Pump the chamber to 5 x 10-o or
less before transferring parts to the Bake Chamber.

3.2 Bake Cham.bec. The Bake Chamber shall be all metal (except
O-_ings in valves and pump) and contain a cryopump, lt shall
be capable of 5 x I0-8 torr or less. This requlreaent shall
apply with the vacuum system empty, at room temperature. The

heater shall be capable of baking the parts to 3300(:.

,, , ,
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3.2.1 With Bake Chamber at 5 z 10 -6 torr or lass, t_ansfer parts
from Loading Chamber to BaKe Chambe=.

3.2.2 Deleted

3.2.3 Zncrease part temperature to 330 . 2G°_ and ho14 for G0
minutes minim: and to a pressure-of 5 z 10 -7 or less.

3.3 Deleted

3.4 Plat|nq Chamber. The Plating Chaabe: shall be all metal

7._xcep_ O-rings in valves and _umps) and contain a ctyopmap._:_ shall be capable of 5 z 10- to_r o_ less. This
_egulrement she11 apply with the vacuum system empty, at room
temperature.

3.4.1 With Plating Chamber at 5.0 x 10 -6 torr or less, transfe_
parts from Bake Chamber to Plating Chamber.

3.4.2 Al.tev parts to testabilize at 225 __ 25°C in mask head with
shutter closed.

3.4.3 Adjust the _er to the two nozzle bess sources until the
rate of evaporation is approximately equal.

_.4.4 Open shutters an_ evaporate gold, 34320_-200, to rough plate
" the =esonatora. )laximula pressure duxLn9 rough plating not

to exceed 5 x 10 "6 to_r.

3.4.5 lteaove plated crystal and _epeat for other c_ystals to be
rough plated.

3.4.6 Fine plate teson&tor to final frequency with resonator
assel)ly at + 5o(=. Maximums pressure durln9 fine
plating not 9t_0exceed I x 10 -6 tor_'.

3,5 Deleted

3.6 Sealinq Chamber. The Sealing Chamber shall be all metal
_(except O-:ings in valves and pump) and contain a c[yopuap, lt
shall be capable of 5 x 10 -8 to:: or less. This :equireaent
shall apply with the vacuum system empty, at room temperature.

3.G.I With Sealing Chsmbe_ at 1 z l0 -6 tor_ o_ ].ees, transfe_
the Cover/Gasket and Frame/Resonato_ a_:emblies from the
Fine Plate Chambe£ to the Sealing ChambeE.

3.6.2 Increase temperature of the assemblies to 3_-0 + 20°(=o
Hold pa_ts at this temperature for GG minutes minimun and to
a pressure oE 5 z 10 -_ tocc or less.
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3.6.3 Decrease temperature to 320 + 10°C And apply a pressure
of 700 _ 10 psi to the sealing fixture by increasing
pressu:e to 100 psi and in 50 psi increments thereafter,
waitlnq 60 + 10 seconds bet.wean steps, until :caching 690 -
710 psi. Upon teaching maximum pressure, turn off the
heaters and hold At p_essuce for 15 + 3. minutes.

3.7 Sx£t Chamber. The mxit Chub_r shall be a1.1 meta3. (except
O-ri'ngs in valves and pump) a_d contain a ccyop_mp. Tt shall
be capable of 5 z 10 -8 torr or less. Thl8 requirement shall
apply with the vacuum system empty0 at tool temperature.

3.7.1 With the ExLt Chamber At 1 X 10 "6 torr oF less, tcans_e=
the Resonator &ssemblies to the Rxtt Chan_ec.

3.?.2 Resonator &ssembly shall be below 75°C.

• 3.7.3 Backfill the Bxit Chamber _tth dry nit_ogen, (46&102309Pl),
oc argon, (46&101568Pl).

3.'7.4 Remove _.acts from 1_zit Chambec.
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APPENDIX F

AGING RESULTS

This information was provided by:

Dr. Raymond L. Filler
U. S. Army LABCOM ,.

Fort Monmouth, New Jersey
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A(]I I_G RESULTS

Sixty-nine (69) units were operated in individual ovenized
test oscillators* at each resonator's uppe_ turnovo_ temperature
for a period of 30 days. The drive current was set to 1 ma.
Frequency measurements were taken every six hours ( 4 tAmes/day)
with a 100 second gate.

The f_,equency vm. time data w_a fit to the expression a

f(t) = f(O) + K.log(t/t. + I)

using a least squarew algorithm. 3

Figure 1 is an example of the output from the algorithm. The
upper cut_ve is a plot on a linear scale of the data and the cu_vq,
resulting f_om the least squares fit. The lo_r curve As the data
and the fit on semi-log axes starting from day I and showing t_e
extt-apolation out to 10 years.

The actual least squares algorithm used f_actional f_equency
normalized to the frequency measured at time t=O, f,(O). The
c_oulated coefficients &, B, and C on Figure I a_e related to Ko,
ta, and f(O) by

K. = & * t.(O) _ 10-9

t. = l/B

f(O) = f.(O) (i + C_lO -9)

The coefficients A and t, are used to determine the fractional
f_equency shift for 30 days, 1 yea_,, and 10 years. The values lc1 •
the aging _ate, dr/dr, at 30 days, 1 year, and 10 years iB
deter-mined from

dfldt = (&/2.SOS)/(t + t.)

The r_l Error in Figure 1 As the square Poet of the variance
(mean lquare error) given by

" rme Error = [(l/M) (f_(i) - f(tM(i))l]_

where f.(l) &_e the measured frequencies at the times t,, and N im
the number of data points.

Table I is a compilation of all of the coefficients from the
,69 unltm. Positive aging war displayed bF 55_ oX the units. One
o5 the units reversed sign f_om positive to negative. Figure 2 I_
& histogram oX the coefficient &, (tor clarity the single outlier
with a value oX +339 has been omitted.) The ssmplo deviation As
about 14 ppb. & (iaumetan curve with its amplitu(te adjusted to the
peak is plotted on the Same histogram in Figure 3.

F-3



Figure 4 Am a himtogram of the oha_acte_imt, la time tc. There

are four unite with valuem of t° g_eate_ than 00 daym which have
be_n omitted became valuem of t. ove_ 30 daym, the _amurement
duration, are ef questionable valldltM. The calculated magma lm
abo_t II daym, _ut, am can be meen in figure 5, the data lm mkewed
to the right by the quemt_onable la_ge_ valuem.

Figure 6 lm a hlmtog_am of the total f_Qquenay chart f_om day
0 to day 30 given by

dflf • A log(SOft. + I)

Yhe mign distribution Lm clearly tl_e mama am that of A. The
mample deviatt0n Am 7.7 ppb and Am plotted in Figure 7.

A histogram cf the aging rate at dam 30 im shown in fflgu_e 8,
The mLgn distribution Lm again identical to that of A since

dr/di = A/(ta + 30)

and t. As positive definite. The mample deviation of the aging
rate is 12T x lO-'m/day and As shown in Figure g.

FAg_e 10 Am a plot of ta vs. the abmolute value of A, l_l.
Yhe_e is very little correlation bmtwQen the magnitude and the
characteristic tame.

The mpecifIed aging rate for theme unarm mam 200 x lO"'/day.
Of the 69 unltm 58 (B4Z) pawmed.
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Table 1

SIN Macj(ppb) Time Co_ dF dF/dT
1 3P-005 +2.68 .1 +6.6 +38.6
2 10P 39 -1.67 2.0 -2.0 -22.7
3 10P-40 +6.80 3.7 +6.6 +87.7
4 10P-48 -7.96 7.9 -5.4 -91.2
5 10P-49 -15.61 2.8 -16.6 -206.4
6 10P-50 +21.21 13.9 +10.6 +209.8
7 10(]_02 +48. 48 13.2 +25. • +487.7
8 10Q_08 +. 52 3.8 +. 5 +6.7

10(]_10 -7. 19 2.4 -8. 1 -96.4
10 10(]-34 -5.65 8. 1 -3.8 -64.4
11 10R-13 -. 75 1.3 -1. • -10.5
12 10R-21 -1.32 2. 1 -1.6 -17.8
13 10R-23 +10. 19 27.7 +3.2 +76.7
14 10R-25 +6. 82 4.4 +6. 1 +86. •
15 10R-36 +35. 58 39. • +8, 7 +222.2
16 10R-38 - 12.58 28.8 -3.9 -92. 9
17 106-15 +27.64 8.6 +18.0 +31 1.1
18 105-16 +39.60 12. 1 +21.5 +408.9
19 _08-32 +6.0_ .8 +9. 4 +85. •
20 10_-34 " 63 .8 +1. • +8.9
21 10T-55 -1.04 .8 -1.6 -14.7
22 10T-56 +7.52 21.4 +2.9 +63.5
23 10T-57 +60.57 196.7 +3.7 +116. •
24 10T-58 -.'. 60 2.5 -1.8 -21.3
25 10V-03 +3.39 .4 +6. 4 +48.4
26 10V-07 +6. 71 .7 +10.8 +94.8
27 10V-10 +1.05 .4 +1.9 +14.9
28 10V-13 +4.01 1.9 +4.9 +54.6
29 10V-25 +24.85 8.3 +16.5 +281.5
30 10V-32 +. 84 4.8 +. 7 + 10.5
31 10V-33 +16. 06 3.4 +16. • +208.9
32 10V-39 -1.73 1.6 -2.3 -23.8
33 10W-08 +. 32 37.1 +. 1 +2. 1
34 10W-10 +13. 16 49.9 +2. 7 +71.5
35 10W-11 +2. 35 1.5 +3. 1 +32.3
36 10W- 13 -10. 43 42.9 -2.4 -62. 1
37 10W-14 +3. 51 .4 +6.5 +50. 1
38 10W-16 .4.64 .2 +10. • +66.7
39 10W-25 +17.75 13.8 +8.9 +176.2
40 10W-28 + 19. 67 7. 1 + 14. 1 +230. 2
41 10W-29 . -6. 12 140.3 -. 5 -15.6
42 10W-34 +3.95 7.8 +2.7 +45.4
43 10W-35 -2.56 5. • -2.2 -31.7
44 10W-39 +22. 31 177.8 +1.5 +46.6
45 10t_-40 +5.31 7.4 +3.7 +61.7
46 10W-41 -2. 50 1. • -3.7 -35. •
47 10W-44 +12.61 3.7 +12. 1 +162.5
48 10W-45 -1.35 1.4 -1.8 -18.7
49 10X-05 +5. 33 7.8 +3.6 +61.2
50 10X-Q8 +339.62 137.3 +29.2 +881.5
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51 E10X-8 +17.31 16.3 +7.8 +162.3
52 E1 0X-9 -3. 30 2. • -4.0 -44.8
53 10X-10 -20.30 7, 1 -14.6 -237.8
54 10X-11 -6.57 5.5 -5.3 -80.5
55 10X-20 -7.89 7.7 -5.4 -9_. 9
56 10X-24 +5.54 7.3 +3.9 +64.4
57 10X-25 -,. 57 2.9 -. 6 -7.5
58 10X-26 -. 87 2.7 -. 9 -11, 6
59 10X-27 -. 12 8. • -. 1 -1.4
60 10Y-24 -8.39 7.5 -5.9 -97.
61 10¥-12 -1.03 .2 -2.3 -14.8
62 10Y-24 +8.73 10.8 +5. • +92.9
63 10Y-25 -2.25 1.6 -2.9 -30.9
64 10Y-26 -10. 15 3.1 -10.4 -133.1
65 10Y-29 -7.93 5.7 -6.3 -96.5
66 10Y-30 -3.33 2. 1 -3.9 -45.0
67 10Y-34 +13. 46 9. • +8.6 +149.9
68 10Y-35 -11.39 20.5 -4.5 -97.9
69 10Y-37 -4.00 1.8 -5. • -54.7

/

Outlim_s rmjecttd A)65, Time C_nst)60

Avg A - +4.7 Avg Ta m 8.3
SIGMA A = +14.2 SIGMA Ta - 10.7
Avg IAI = +9.6
Max IAI = +339.6 Max Ta m 196.7
Min IAI - +. 1 Min Ta = . 1
38 aro positive agePs
31 a_'_ negat Ive age,s
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